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SURVEILLANCE FOR SALMONELLA OVER THE YEARS –
THE DANISH PERSPECTIVE 
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Abstract This paper describes some of the initiatives that have been implemented by the Danish
swine industry with the aim to reduce the prevalence of Salmonella. Initially, main focus was on
pre-harvest initiatives and correct identification of herds with high levels of Salmonella. Then,
focus has changed to post-harvest initiatives, such as improved slaughter hygiene. Recently,
decontamination applied after slaughter and cost-effectiveness in surveillance have received
increasing attention. The Danish system has proven to be successful, because the number of
human salmonellosis cases attributable to pork has declined. However, if the aim is to obtain fur-
ther reductions, then post-harvest initiatives are more cost-effective than pre-harvest initiatives.
This knowledge can be used in order to develop and implement appropriate types of surveillance
programs in other countries.

Introduction Infection with Salmonella is seldom associated with clinical disease in pigs.
However, control is important because the public is concerned about the human health impact. In
Denmark, the number of human cases of salmonellosis due to pork increased during the 1990’s
reaching a maximum in 1993 where a total of 1,100 cases were reported, corresponding to an
incidence of around 20 per 100,000 inhabitants (Anon., 2004). This was politically unacceptable
and led to the development and implementation of a surveillance-and-control program for slaugh-
ter pig herds in 1995 (Mousing et al., 1997). Since then, several initiatives have been carried out in
order to identify risk-mitigating factors all along the food chain; from control of feedstuff over sep-
arate transport of finishers from herds with high levels of Salmonella to development of slaughter
procedures leading to improved hygiene. Recently, focus has changed to application of different
decontamination procedures at the slaughterhouse and cost-effectiveness both with respect to
surveillance and control costs. 

Currently, the veterinary administration and the Danish Bacon & Meat Council are negotiating
how a further reduction in the number of human cases related to consumption of Danish pork
can be obtained. To identify this, it is of value to go through the development and rational for the
Danish surveillance-and-control program for slaughter pig herds. 

Materials and Methods A review of the different initiatives on Salmonella surveillance-and-con-
trol for slaughter pig herd was made covering the time period from 1995 until today.

Results and Discussion
Pre-harvest initiatives in the early phase
Basically, Salmonella can be reduced pre-harvest (in the herd), post-harvest (at the abattoir), or
both. In the early years, focus was mainly on the swineherds. From experiments and large-scale
epidemiological studies it was found that e.g. feeding acidified feed (Jørgensen et al., 2001) or
home-mixed feed (Kranker et al., 2001) resulted in a reduced Salmonella burden in pigs. Likewise,
rodent control and limited commingling of pigs seemed to be important to avoid transmission of
Salmonella.

The hypothesis was that if pigs presented at slaughter were harboring little or no Salmonella,
there would only be a minor problem. Therefore, a classification scheme was developed aiming at
dividing the slaughter pig herds according to their level of Salmonella burden (Mousing et al.,
1997). Concurrent improvements in serological methods made it possible to measure antibodies
against Salmonella at a large scale by use of meat-juice samples taken at the abattoir in connec-
tion with slaughter of the finishers (Nielsen et al., 1995, Nielsen et al., 1998).

The initial classification scheme was based on laboratory results and theoretical knowledge.
After 5 years, sufficient data were collected and the classification system was revised. Sample
sizes were adjusted with the aim of being able to detect Salmonella if present with a minimum
prevalence of 5% seen over one year. This could be obtained if 60 samples were taken annually in
a herd producing <2000 finishers, 75 in a herd producing 2001-5000 finishers, and 100 samples in
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a herd producing more than 5000 finishers a year (Alban et al., 2002).
Epidemiological analysis showed that there was a clear association between herd serology

and the probability of identifying Salmonella bacteria both in the caecal content (Alban et al.,
2002) and on the carcass (Sørensen et al., 2004). Studies also indicated that the lower the cut-
off of the individual meat-juice result, the higher the correlation between serology and bacteri-
ology. Unfortunately, the lower the cut-off is, the higher is the likelihood of a false-positive
result. It was of interest to introduce a Level-0 for sero-negative herds. However, a false-posi-
tive result would be detrimental for a Level-0 herd. Therefore, we only lowered the cut-off from
40 OD% to 20 OD% - and not down to 10 OD%. 

Moreover, it was noted that the association between serology and microbiology was
improved when the Salmonella results of the previous three months were weighted 3:1:1.
Hereby, the result of the most recent month should count three times as much as the results
of the two preceding months. The weights were identified as the (rounded of) parameters that
gave the best fit in a logistic regression model describing the association between proportion
of Salmonella positive caecal samples and serology. The weighted average of the seropreva-
lence was called the serological Salmonella index for slaughter pig herds. Because of the
weighting a herd with an increasing seroprevalence will enter a higher level sooner in case a
weighting is used compared with no weighting. Likewise, when the seroprevalence is
decreasing the herd will sooner leave the high Salmonella level than in a system without
weighting of the monthly results. The farmers have appreciated the effect of the weighting,
because it acts as an incentive to reduce Salmonella in the herd.

The revised scheme started in 2001 and resulted in a 20% reduction in the number of sam-
ples taken without food safety being poorer. By March 2005, 95.7% of the slaughter pig herds
were in Level 1, 3.3% in Level 2, and 1.0% in Level 3, the latter subjected to sanitary slaughter.

Recently, a study on the effect of introducing risk-based surveillance has demonstrated that
it is possible to reduce sampling in herds with no Salmonella without jeopardizing human
health (Enøe et al., 2004). According to the present program, 5 samples should be taken
monthly in a herd producing 201-3,000 finishers annually (Alban et al., 2002). However, simula-
tion using surveillance data indicated that the number of samples in herds with a zero or low
seroprevalence could be reduced to 1 sample per month. Risk-based Salmonella surveillance
will be implemented in Denmark mid 2005, and it is expected that it would lower the number
of samples taken by 20-25% (Danish Bacon & Meat Council).

A deduction system was also introduced as an incentive for the farmers in Level 2 and Level
3. At current, the deductions are 2% of the carcass value for a Level-2 finisher. For Level-3 fin-
ishers, the deduction is related to the number of months the herd has been in Level 3. It begins
with 4% and then increases to 6% and eventually reaches 8% (Nielsen et al., 2001). Only few
farmers have the economy that enables them to make money while paying these deductions. 

Despite the actions taken pre-harvest, it was noticed that the Salmonella prevalence in
pork has been constant around 1.4% since 2001 (Anon, 2004).

Post-harvest initiatives in the second phase
There were indications that even if swine herds with the highest Salmonella burden were
excluded, there would still be enough Salmonella in the remaining herds to fuel the system
with Salmonella (Alban & Stärk, 2005). This changed the focus of Salmonella reduction from
pre-harvest to post-harvest. It was, moreover, of interest to identify how a further reduction
could be obtained in a cost-effective way. A simulation model was built to represent pig pro-
duction from the piggery to the slaughter plant. The model was based on all available data and
expert opinion. Figure 1 describes the Salmonella contamination on the pig/carcass all the way
from the loading on the farm until pork after chilling. It is noted that the prevalence of
Salmonella increases during transport and lairage, where it reaches its maximum at kill.
Hereafter the Salmonella prevalence is reduced due to singeing, however, increases because
of polishing, evisceration, and veterinary inspection etc. (Fig. 1). The simulation model was
used to study the effect of different intervention measures on the Salmonella prevalence of
the final carcass. One example was to half the proportion of herds with a large Salmonella bur-
den – a strategy that turned out to be very expensive and only have limited effect. This is
because there is sufficient Salmonella in the remaining system to fuel it with Salmonella. The
simulation performed demonstrated that concurrent improvements throughout the production
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chain were needed to further reduce the prevalence of Salmonella on pig carcasses (Alban &
Stärk, 2005). This implies e.g. a high temperature at singeing, enclosing the anus and rectum in a
plastic bag, and improved disinfection of tools (Alban & Stärk, 2005).

Recently, a cost benefit analysis has been carried out aiming to identify the economical effi-
ciency of a range of possible national control strategies against Salmonella. Only showering pig
carcasses with 80°C hot water for 14-16 seconds directly after slaughter turned out to be eco-
nomically efficient. However, the industry would bear all expenses and society would gain all ben-
efits (Gissel & Alban – elsewhere in this proceeding). A disadvantage associated with this proce-
dure is a large consumption of water, which might be considered environmentally problematic.
Furthermore, the equipment requires a lot of space, which makes it difficult to install on several
abattoirs. 

Other decontamination initiatives are under development. Currently, the Danish Bacon & Meat
Council is testing hand-held decontamination by use of steam on high-risk areas on the carcass.
Another promising alternative is treatment of carcasses with a combination of steam and ultra-
sound and this will be pursued further in the future. 

Other alternatives for reducing the Salmonella prevalence in pigs and pork along the stable to
table chain have been evaluated with respect to cost-effectiveness. The aim was to identify how a
Salmonella prevalence of 1.2% could be obtained in pork at the lowest possible costs. This level
was agreed between the Danish Bacon & Meat Council and the veterinary authorities. These
studies showed that further pre-harvest initiatives would not be cost-effective compared with
post-harvest measures. Besides, none of the pre-harvest scenarios would result in a sufficient
reduction in the Salmonella prevalence in pork by 2006 to attain the level agreed with the veteri-
nary authorities (Nielsen et al. – elsewhere in this proceeding).

The future of Salmonella surveillance in a broader perspective
It becomes evident that veterinary epidemiology, in combination with disciplines like microbiology
and food hygiene, has formed a valuable contribution to the development and evaluation of the
Danish surveillance-and-control program for slaughter pig herds. The Danish system has resulted
in a successful surveillance for Salmonella through increasing knowledge about the dynamics pre-
and post-harvest. It has proven to be successful, because the number of human salmonellosis
cases attributable to pork has declined, e.g. to 202 in 2003 (Anon., 2004).

The new Zoonosis directive recently issued by the EU will be implemented in the years to
come (2003/99/EC) and in this context, surveillance program for Salmonella and possibly other
zoonoses will be developed and implemented in many EU countries. Based on experience from
Denmark it is recommended that the development of these programs takes place in a dialogue
between the swine industry and the veterinary authorities, as has been the case in Denmark. The
Danish experience – good as well as bad – can be used to develop and implement the appropriate
type of surveillance program for the individual country. This will depend - among other things - on
how widespread Salmonella is in the national pig industry and which initiatives have already been
put in place. 

Conclusion Surveillance and control for Salmonella in pork can be conducted pre-harvest, post-har-
vest or by a combination of the 2 approaches. Initially, focus in Denmark was on pre-harvest initia-
tives. The Danish system has proven to be successful, because the number of human salmonel-
losis cases attributable to pork has declined. However, if the aim is to obtain further reductions,
then post-harvest initiatives are more cost-effective than pre-harvest initiatives.
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Figure 1: Simulated contamination of Salmonella from loading at
the farm until pork after chilling, based on Alban & Stärk, 2005
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Abstract The Belgian Salmonella Surveillance Programme on pig farms, organized by the
Federal Agency for the Safety of the Food Chain, started in January 2005. The programme
is built up in several stages. In the first stage the 10 % farms with the highest seropreva-
lence (number of positive samples per farm) are identified.  In the second stage, a follow-
up programme is set up and implemented on these farms by the farm veterinarian and a
specialist of the Animal Health Services. 

Blood samples taken as part of the national Aujeszky programme from fattening pigs
with different weight categories and age are analysed for the detection of Salmonella.

Serum samples from 50 randomly selected herds (N=50) were analysed for
Salmonella-specific antibodies with an indirect ELISA (Idexx) and reported as s/p-ratio’s.
Results showed that  47, 39 and 28 herds were positive with a cut-off value of 0.25, 0.50
and 1.00 respectively. A herd was defined as positive when one animal tested positive.

The first results will determine the cut-off value to be used in the Belgian Salmonella
Surveillance Programme. 

Introduction Belgium is the third most important exporting country of pig meat in the
world. With a production of 11 million fattening pigs a year, 50% accounts for domestic
consumption and the remaining half is exported worldwide (FPS Economy – Statistics
Division, 2004).
In 2003 the National Reference Centre for Salmonella and Shigella (NRSS) received
12.894 human Salmonella isolates (Table 1) of which S. Enteritidis and S. Typhimurium
are the most prevalent serotypes.

Forty percent of all cases of human salmonellosis occurs in children younger than five
years of age. During the summer (July until September) the NRSS counted more than
1.500 cases of human salmonellosis a month. From the end of the eighties until 1999 the
number of cases of human salmonellosis in Belgium increased significantly and peaked
in 1999 with a total number of 15.774 cases. This increase is mainly caused by the
increase of Salmonella Enteritidis, mainly due to the consumption of fresh eggs.
Nevertheless 20 % of all cases of human salmonellosis at this moment in Belgium are
originating from pork (NRRS, 2003).  

Food safety has been a high political priority during the last decade in Belgium and
the rest of the world. Other European countries
such as Denmark, The Netherlands and
Germany also have Salmonella control pro-
grammes implemented. Since January 1st
2005, the Federal Agency for the Safety of the
Food Chain has launched a Salmonella
Surveillance Programme in pig herds based on
serological screening on these herds. The pres-
ent study describes the preliminary results of
50 randomly selected herds.

Materials and Methods
1.The Belgian Salmonella Surveillance
Programme
Blood samples taken on the farm from fattening
pigs as part of the Aujeszky surveillance pro-
gramme are  examined for Salmonella-specific
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Serotype Number %
Enteritidis 9.201 71,4
Typhimurium 2.512 19,5
Virchow 152 1,2
Derby 100 0,8
Brandenburg 66 0,5
Hadar 60 0,5
4:I:- 59 0,5
Goldcoast 55 0,4
Infantis 54 0,4
Livingstone 43 0,3
Other 592 4,6
Total 12.894 100
Table 1: Salmonella from human origin.
The most important serotypes in 2003.
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antibodies. The number of blood samples taken on each
farm is shown in Table 2. Every 3 to 4 months the sampling
is  repeated. An average herd has more than 120 fattening
pigs. This makes the total number of analysed blood samples
for Salmonella, 36 per year per herd.

The weight category of each sampled pig is reported.
Salmonella antibody concentrations may increase during the
fattening period (Kranker et al., 2003). Table 3 shows the dif-
ferent weight categories in which blood samples are divided.

The Salmonella antibodies are detected with the
HerdChek Swine Salmonella (HerdCheck Swine Salmonella
Antibody Test Kit, Idexx Labaratories, Inc., Maine, USA). This
ELISA enables detection of LPS-specific antibodies for the
most common serogroups including B, C1 and D.  
Results are reported as s/p-ratio’s: S/P = (ODsample –
ODneg control)/(ODpos control – ODneg control); OD =
optical density. A sample is defined as positive if the s/p-
ratio is equal to or higher than the cut-off value. According to
the manufacturer, 3 different cut-off values are possible to
use: 0.25, 0.50 and 1.00. The latter cut-off value is generally used in large-scale screenings, while
the lowest cut-off value is the scientific cut-off value which can be used in a more stringent or
progressed programme. For the surveillance programme, a final cut-off will be determined by the
end of 2005, when all fattening and farrow-to-finish pig herds will have been monitored three
times (a total of approximately 36 blood samples, depending on the number of fattening places in
the unit. 

2. Preliminary results
To evaluate the preliminary results of the first 3 months of the programme, 50 herds were ran-
domly selected (using tables of random numbers). In total, 600 blood samples were analysed
with a mean of 12 blood samples per herd. The results were evaluated descriptively.

Results The mean s/p-ratio of the 600 blood samples was 0.57 ± 0.8 (stdev) with a minimum of 0
and a maximum of 3.82. 

In Table 5 the percentage of positive herds is shown for the three different cut-off values 0.25,
0.50, and 1.00. A herd is defined as positive if one blood sample tests positive.

Discussion During the first year the goal of the Belgian Salmonella Surveillance Programme is
limited to monitoring. It makes farmers and veterinarians more conscious of the economic impor-
tance of Salmonella control, and especially of the consumer’s demand for safe food. The Federal
Agency for the Safety of the Food Chain and the Animal Health Services are negotiating to elabo-
rate the programme. 

Salmonella-specific antibodies are examined on the blood samples of the fattening pigs for the
monitoring of Aujeszky’s disease. Therefore the sampling needs to be representative for the total
herd, taking age categories and different pens into account. The number of seropositive pigs per
herd for Salmonella may increase during the fattening period (Kranker et al., 2003; Nollet et al.,
2005). This implies that the current sampling method, where sometimes young pigs are sampled,
may underestimate the number of seropositive pigs at the end of the fattening period. For this
reason negotiations are being held to move the sampling of fattening pigs to the slaughterhouse
in order to create a uniform group of animals (all the same weight category) being examined on
Salmonella antibodies. 

However, the results of the 50 randomly selected pig herds do not follow this trend. With a
cut-off value of 1.00 only 15 % of the fattening pigs >= 80 kg tested positive. In contrast 31 %
and 23 % of the fattening pigs of 60 to 79 kg and 40 to 59 kg respectively tested positive. This
may be due to a very early infection in the fattening period because the antibody titres can start
to drop two months after infection (Idexx Laboratories, 2002). 

The object in the first year of the programme is to evaluate the prevalence of Salmonella spp.
in fattening pigs on Belgian fattening and farrow-to-finish farms in order to classify herds into dif-

Number of 
fattening pigs

Number of 
samples

1 to 3 1

4 to 6 2

7 to 9 3

10 to 12 4

13 to 15 5

16 to 18 6

19 to 21 7

22 to 24 8

25 to 30 9

31 to 120 10

> 120 12

Table 2: Number of blood samples for the
monitoring of Salmonella for each herd. 
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ferent levels and to determine the 10 % farms with the highest seroprevalence. The next step will
be to set up and implement a reduction programme to improve the Salmonella prevalence in
those herds. A bacteriological screening in order to identify the Salmonella serotype that causes
the high number of seropositive pigs might be a useful tool.

For the moment no cut-off value is determined and the results will only be evaluated descrip-
tively. As the program progresses, a cut-off value will be determined based on the results of the
first year. In a second step, the herds will be classified in different categories based on the num-
ber of positive samples per herd. The aim is to lower the cut-off as the surveillance programme
moves on and to become gradually more stringent. 

In the framework of an official monitoring programme the Federal Agency of the Safety of the
Food Chain is currently examining Salmonella on pig carcasses at the slaughterhouse by taking
swabs. In 2003, 42 of 287 samples were positive. The most common serotypes were Salmonella
Typhimurium, Salmonella Derby and Salmonella Brandenburg (The Federal Agency of the Safety
of the Food Chain, 2003). For a good bacteriological screening on slaughterhouse level these
examinations should be generalized and extended. A central database would be useful to com-
pare the results of farm and slaughterhouse sampling as well as to follow up all Salmonella data
and to implement logistic slaughter procedures in the future.

Conclusions Food safety, in particular Salmonella control, is  an important issue in Belgium. Up
until now Belgium is one of the few leading countries in Europe that is already monitoring
Salmonella on pig farms before the execution of the new zoonoses legislation concerning the
monitoring of zoonoses and zoonotic agents and the control of Salmonella and other specified
food-borne zoonotic agents (Regulation 2160/2003 and Directive 2003/99/EG). The Belgian
Salmonella Surveillance Program makes farmers and veterinarians more aware of the importance
of microbiological food safety and the economic consequences for a pork exporting country. The
Federal Agency for Safety of the Food Chain and the Animal Health Services are negotiating to
move the blood sampling to the slaughterhouse in order to create a uniform group of animals
being tested. Since 50% of the Belgian pork is produced for export, it is important for the future
of the fattening pig sector that the latest evolutions on this hot topic are followed up.  
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Age (weeks) Weight (kg)

0 - 10 < 25

11 - 13 < 40

14 - 16 40 - 59

17 - 19 60 - 79

> 19 > = 80

Table 3: Weight and age categories of 
fattening pigs.

Table 4: Descriptive results for the different weight categories and number of positive animals per category for
three different cut-off values 0.25, 0.50 and 1.00. * n = number of blood samples from each category.

Descriptive results # positive samples for a cut-off

weight 
category

n*
Mean

s/p-ratio
Min 

s/p-ratio
Max 

s/p-ratio
Standard
deviation

0.25 0.50 1.00

>= 80 kg 179 0.50 0 2.41 1.29 102 54 27

60 - 70 kg 244 0.80 0 3.82 0.89 153 113 76

40 - 59 kg 160 0.69 0 2.95 0.87 82 57 38

< 40 kg 17 0.29 0 2.21 0.58 4 2 2

Total 600 0.57 0 3.82 0.80 341 226 143

Cut-off
value

% of positive herds (# positive
herds/# herds sampled)

0.25 94% (47/50)

0.50 78% (39/50)

1.00 56% (28/50)

Table 5: Percentage of positive herds for three
different cut-off values 0.25, 0.50 and 1.00.
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Abstract Carriers of Salmonella in finishing pigs are believed to be a main source of carcass and
pork contamination at the slaughterhouse and during meat processing. To better control the pres-
ence of Salmonella at the farm and slaughter, it is important to adequately identify on-farm risk
factors associated with presence of these bacteria in animals. Thus a study was performed to
identify the risk factors associated with the presence of Salmonella in live animals and on car-
casses from 312 herds in Canada. A questionnaire was designed to gather information on several
factors present on the farm and was completed by the producers. Results from the multivariate
logistic regression analyses of all the factors indicated a significant effect of the type of feed grind
(p = 0.0001), pen size (p=0.006), truck load capacity (p=0.008), clinical signs of salmonellosis
(p=0.03) and a marginal effect of number of sources of finishing pigs (p = 0.098). 
Carcasses from highly contaminated herds were more likely of being Salmonella positive. Limiting
the presence of Salmonella in the meat should therefore begin by reducing the number of herds
highly contaminated by Salmonella.

Introduction Many HACCP-based good production practices to be used on farm have been devel-
oped in order to manage biological hazards, such as Salmonella and chemical hazards. The pur-
pose of these practices is, ensuring a better use of antimicrobial agents and decrease risk of drug
residues in meat products. So far, in pigs, these models have been built based on principles of
risk analysis to manage well known risk factors or to avoid various sources that contaminate the
herd. Very limited information was available in Canada on risk factors associated with the pres-
ence of Salmonella in pig operations. In most cases, we have had to rely on published literature
to build on farm control programs.

Use of antimicrobial agents in intensive production units has been associated with the emer-
gence of bacterial strains resistant to several antibiotics. While the majority of authors agree that
the use of antibiotics in animals can be linked to only a small percentage of the resistances
observed among humans, almost all stakeholders agree that antibiotics must be used more judi-
ciously in livestock production in order to stem the emergence of resistant strains, even if only for
the sake of animal health.

Resistance to multiple antibiotics is regularly observed in Salmonella strains isolated in Canada
(Rheault et al., 2001). Furthermore, these multiresistant strains are associated with acute health
problems on a growing number of hog farms in Canada (Desrosiers 1999). It has been reported in
Europe that use of broad-spectrum antimicrobial agents can foster the presence of Salmonella in
livestock (Evans and Wegener, 2003). Since resistant Salmonella isolates have genes encoding
resistance to many of the antibiotics commonly used in livestock production, thus ensuring their
selection and proliferation, it is important to determine if the antibiotics most commonly used on
farms in Canada can be associated with the presence of multiresistant strains. 

The objectives of this study were to identify the risk factors associated with the presence of
Salmonella in swine herds and determine if the presence of multiresistant strains of Salmonella
can be associated with the use of some antimicrobial agents on farm.

Materials and Methods
Questionnaire: A questionnaire was designed to collect information on potential risk factors and
was completed by the producers. It addressed risk factors at the farm and to a lesser extent
those associated with the transportation of animals. There were three phases in the development
of the questionnaire. The first involved reviewing of the literature in order to collate all the risk fac-
tors associated with husbandry and transportation. In the second phase, a group of experts in the
epidemiology and control of Salmonella in pigs were consulted and asked to validate the docu-
mented risk factors listed in the first draft of the questionnaire. They also suggested other poten-
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tial risk factors. Finally, twenty hog farmers were asked to validate the questionnaire for under-
standing clarity. In addition, all the participating producers were contacted and given an explana-
tion of the scope and goals of the study, along with instructions on how to complete the ques-
tionnaire properly. Most producers were again contacted after they had received the question-
naire to ensure validity of some of their answers. 
Collection of samples at the slaughterhouse: blood samples, one-gram sample of mesenteric
lymph nodes were collected. In addition, bacterial carcass samples were collected by swabbing
the three predeterminated anatomical sites were obtained for each animal. A total of 7441 car-
casses were included. These pigs originated from 312 production batches and at 10 slaughter-
houses in Canada receiving animals from Quebec, Ontario, Manitoba, Saskatchewan and British
Columbia. Between 20 to 25 animals were randomly sampled per lot (first animal randomly
selected, and every fourth one thereafter). A total of over 22,000 samples were obtained.
Bacteria isolation and Characterization: Swabs were placed in sterile bags containing a trans-
portation medium, put in a cool place, and shipped to the laboratory of the Research Chair in
Meat Safety of the University of Montreal. The samples were incubated according to the official
procedures described in the  Mega-Reg (USDA, 1996), in selective enrichment broth (RV and TBG)
and then inoculated on selective agar media (BGS and DMLIA supplemented with novobiocin
20µg/mL). Biochemical assays were conducted to confirm the identification, and serotyping was
done at the MAPAQ laboratories in Saint-Hyacinthe, Quebec. A total of 432 Salmonella-positive
isolates were characterized for their resistance to antibiotics by placing antibiotic discs on the agar
media using the NCCLS-approved method.
Serological Analysis: Blood samples were analyzed in order to detect the presence of
Salmonella antibodies by the means of an ELISA to establish and determine the status of the ani-
mals when at farm (Côté et al., 2004).
Statistical Analyses: a univariate logistic regression was done for each type of analysis in order
to identify significant discrete-type risk factors (presence/absence) in relation with a discrete
dependent variables, namely serology and lymph node scores. The serology score was  0:0%
seropositive ; 1 = : > 0% and <= 20% seropositive; and 2:  > 20% seropositive, where 20% rep-
resented the 75th percentile of distribution. The codes for lymph nodes were: 0: 0% positive
lymph nodes; 1:  > 0% and <= 74% positive lymph nodes; and 2:  > 74% positive lymph nodes,
where 74% represented the 75th percentile of distribution. A multivariate logistic regression was
used to establish which of the variables identified in the univariate analysis were the most signifi-
cant. All these analyses were done using version 8.1 of the SAS program (SAS Institute, Cary,
NC). Other analyses were done using Student’s t-tests for comparing prevalence in small popula-
tions , unless otherwise indicated.

Results The prevalence of seropositive animals, which indicates the status that had the animal
several days prior to slaughter was 13.6%. The prevalence observed in lymph nodes, which deter-
mines the status of the animal at its entry into the slaughter chain, was 32.3%. 

The multivariate analysis of risk factors for the seroprevalence of Salmonella revealed a signifi-
cant effect of the type of feed grind (p = 0.013), pen size (p=0.006), truck load capacity (p=0.008),
signs of salmonellosis (p=0.03) and a marginal effect of number of sources of finishing pigs (p =
0.098). The odds of having a high score in serology were nearly 8 times lower (odds ratio = 7.56)
with feed in mash form than with feed in pelletted form. The odds of having a high score in serol-
ogy were lower when the truck load capacity was under 200 pigs (OR=0.32) and when pen size
was smaller (under 170 square feet, OR=0.31). The odds were lower without signs of salmonel-
losis in the herd (OR=0.089). Finally, the odds were lower with one animal source than with two
or more sources (OR=0.31).

We studied the relationship between the status of the lymph nodes and the serology. In many
cases (69/84), the serology was negative whereas the lymph nodes were positive, suggesting
that several animals become contaminated at the end of the finishing period or during transporta-
tion or the pre-slaughtering period. When the serology was positive, the lymph nodes were often
positive as well (86/95), indicating that contamination occurred most likely in the herd at least 3
weeks earlier, which is the length of time usually required to develop a serological response to
the infection.

At the batch level, results from the logistic regression model, with the sampled slaughter-
house as the random factor, indicated a positive and significant relationship between the % of
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seropositive and the % of  positive lymph nodes. The risk that a batch had a high score of positive
lymph nodes increased by a factor of 3.8 for batches with a serology score of 2 compared with 0
(p < 0.0001). The risk increased by a factor of 2.9 (p = 0.005) for serology score 2 compared with
1. The increase of the risk was not different from 1 (odds ratio = 1.29, p = 0.42) when the serolo-
gy score was 1, compared with 0.

The association between the prevalence in serology and the bacteriological status of carcass-
es at the batch level was determined. Results from the logistic regression model, with the sam-
pled slaughterhouse as the random factor indicates a positive and significant relationship between
the percentage of seropositive  and the percentage of positive carcasses. The risk that a batch
had a high score of positive carcasses increased by a factor of 5 when it had a serology score of
2 compared to 0 (p < 0.0001). 

It was not possible to establish a relation with the use of any antimicrobial agent, whether in
the meal as growth promoter or as therapeutic agent, and resistance profiles. Among the 432
Salmonella isolates, 57% were resistant to at least one antimicrobial agent. Resistance to 4 or
more antimicrobial agents was observed in 11% of the isolates, while 19% of the isolates
showed resistance to at least 3 antimicrobial agents. As expected, no difference was observed
between the proportions of multi-resistant strains from carcasses and those from mesenteric
lymph nodes.

Discussion Some important risk factors identified in this study might be difficult to control at the
farm level or to justify economically although they contribute to increase the prevalence of
Salmonella. For instance, on some farms, it might be difficult to reduce the numbers of source of
incoming animals when all-in/all-out procedures are required. Also, the use of pelletted feed might
be justified for productivity or practical reasons. 

In addition, this study clearly shows that the status of livestock on the farm, established sero-
logically, is closely linked to the presence of Salmonella on the carcasses. Carcasses from category
2 herds, i.e., herds where more than 20% of the animals are positive, were 5 times more likely to
be positive than carcasses from negative herds, and 3 times more likely to be positive than those
from herds with a prevalence of less than 20%. This clearly demonstrates that intervention at the
farm is important in order to reduce the prevalence of Salmonella on carcasses. 

Conclusions Herds with a high seroprevalence are much more at risk of being contaminated in the
mesenteric lymph nodes. The carcasses from these highly contaminated herds are also much more
at risk of being Salmonella positive. Limiting the presence of Salmonella in the finished product
must therefore begin by reducing the number of herds highly contaminated by Salmonella.

This study does not allow the demonstration of an effect of antimicrobial agents on the emer-
gence of multi-resistant strains of Salmonella in studied herds.
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Abstract At the European level the control of foodborne diseases is defined by the new zoonoses
legislation (Directive 2003/99/CE and Regulation (CE) 2160/2003), which points out the necessity
to establish surveillance programmes for zoonotic agents in animal populations. From 2002 to
2004 baseline studies have been performed in the Veneto Region of Italy to define the prevalence
of Salmonella, Campylobacter, antimicrobial resistance indicators in the most important animal
species farmed and slaughtered in this area. The monitoring scheme applied allowed to precisely
assess the prevalence for different pathogens and animal species, and was adjusted after the first
year of application in order to detect defined variations in prevalence, with a reduced number of
samples. In this paper authors will describe methods and results of the monitoring scheme
applied in pigs at slaughter.

Introduction The control of foodborne diseases must be based on a “farm to fork” approach, in
which primary production represents a critical point for contamination spreading, and is therefore
a key point for any control activity. At the European level, such a strategy is clearly identified by
the new zoonoses legislation (Directive 2003/99/CE and Regulation (CE) 2160/2003), which pro-
vides for the monitoring and the control of foodborne zoonoses at primary production.
Directive 2003/99/EC repeals Council Directive 92/117/EEC and covers:
a) the monitoring of zoonoses and zoonotic agents;
b) the monitoring of related antimicrobial resistance;
c) the epidemiological investigation of food-borne outbreaks;
d) the exchange of information related to zoonoses and zoonotic agents.
The aim of the surveillance is to make evaluation of trends and sources at the EU level possible,
and to provide data to be used as a basis for risk assessment in this field.
Regulation 2160/2003 points out the necessity, for some zoonoses, to establish specific control
measures, which should be based on targets for prevalence reduction.
At the end of 2007 the targets for the reduction of Salmonella prevalence in pigs at slaughter will
be established.

In order to apply the above described legislation, Member States will have to define sampling
programmes, pursuing two different aims:
< to estimate infection prevalence in different animal species and categories;
< to follow trends during time, in order to evaluate targets achievement after the application of
control measures.
From 2002 to 2004 baseline studies have been performed in the Veneto Region of Italy to define
the prevalence of Salmonella, Campylobacter, antimicrobial resistance indicators in the most
important animal species farmed and slaughtered in this area (cattle, pigs, chickens, turkeys, lay-
ing hens, rabbits), with the aim of: 
< evaluating methods for the implementation of the new zoonoses legislation;
< studying and defining a sampling system running “in continuum”;
< detecting specific risk situations.
The monitoring scheme applied allowed to precisely assess the prevalence for different
pathogens and animal species, and was adjusted after the first year of application in order to
detect defined variations in prevalence, with a reduced number of samples.

Materials and Methods
Sampling scheme In the first monitoring campaign (2002-2003) the sampling scheme was
designed with the aim of assessing the prevalence of Salmonella, Campylobacter and antimicro-
bial resistance in indicator bacteria in batches of pigs slaughtered in the Veneto Region. 11 slaugh-

terhouses, having a capacity $ 3000 animals slaughtered per year, were selected for the study.
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The sample size (384 batches) was assessed on the basis of the following criteria:
< expected prevalence = 50%
< accuracy = 5%
< confidence interval = 95%.
Samples were stratified according to the capacity of each slaughterhouse, and equally distributed in a
12 months period. One animal was sampled for each batch, collecting 25 grams of ciecal content.

During the following year (2004), the sampling scheme was modified, with the aim of detect-
ing defined changes in prevalence. The sample size was defined on the basis of Salmonella preva-
lence, since this appeared as the most critical parameter. Starting from a prevalence of 30% (as
identified during the previous monitoring programme), a variation of at least 12% (as either
decrease or increase) was defined as significant, and so a sample size of 187 was calculated, con-
sidering a confidence interval of 95% and a power of 95%.
The formula applied was the one proposed by Bossi (Bossi & Cortinovis, 1996), to calculate the
sample size necessary to compare a proportion with a given value:

where 1-a is the confidence interval,

1-b is the power of the test,

and d is the difference that we want to detect.

Campylobacter monitoring in pigs was not performed in the second campaign (2004), since this
was not considered as a priority, therefore deserving a looser monitoring scheme (not every year).
Laboratory methods For the detection of Salmonella spp., a 5 gr faecal sample was added to 45
ml of Buffered Peptone Water (BPW, Oxoid), and incubated at 37±1°C for 16-20 hours. After incu-
bation, 0.1 ml of BPW were inoculated in 10 ml of Rappaport Vassiliadis Soy Broth (RVS,
Biogenetics), and incubated at 41.5±1°C for 24 hours. A loopful of incubated RVS was striked on
Brilliant Green Agar (BGA, Biogenetics) and Xylose Lysine Tergitol (XLT4, Difco) agar plates and all
plates were then incubated at 37±1°C for 24 hours. Suspected colonies were identified by bio-
chemical tests. All Salmonella strains were serotyped according to the Kauffmann White scheme,
and strains identified as S.Enteritidis and S. Typhimurium were submitted to phage typing accord-
ing to the scheme defined by the HPA, London, U.K. 

For the detection of Campylobacter spp., a 1 gr. faecal sample was added to 9 ml of Preston
Broth (PB) [PB containing: Nutrient Broth (LAB.M), Campylobacter Growth Supplement (Biolife),
Preston Antimicrobic Supplement II (Biolife) and 5% laked horse blood (Biolife)] and incubated at
37±1°C for 48 hours in a microaerobic atmosphere using gas jars. After incubation a loopful of
PB was spread-plated onto modified Charcoal Cefoperazone Desoxycholate Agar (mCCDA)
[mCCDA containing: Campylobacter Blood-free Agar Base (Oxoid) and CCDA Selective
Supplement (Oxoid)] and plates were incubated at 37±1°C for 48 hours as previously described.
One suspected colony per plate was then striked on a Blood Agar (BA, Oxoid) plate and incubated
at 37±1°C for 24 hours. Suspected colonies were identified by biochemical tests.
For the detection both of E.coli and of Enterococcus spp., as indicator bacteria, a 1 gr faecal sam-
ple was added to 9 ml of Tryptone Soy Broth (TSB, Biogenetics).
For E.coli isolation a loopful of TSB was striked on a McConkey (McC, Biogenetics) plate and incu-
bated at 37±1°C for 24 hours. After incubation one suspected colony per plate was identified by
biochemical tests.

For Enterococcus spp. isolation, a loopful of TSB was striked on Slanetz-Bartley (SB,
Biogenetics) and SB containing vancomycin (SB+V) agar plates and incubated at 42±1°C for 24-48
hours. One suspected colony per plate was then striked on a BA plate and incubated at 37±1°C
for 24 hours. After incubation, suspected colonies were identified by the conventional biochemical
tests API 20 Strep (bioMerieux).
All Salmonella, E.coli and Enterococcus spp. isolated strains were submitted to antimicrobial
resistance test, by agar diffusion and following NCCLS standards.

Results In the first monitoring campaign a total of 431 faecal samples, representing 208 batches,
were collected (the number of samples per batch varied from one to three). The batches derived
from 144 farms located mostly in the Veneto Region (119/208) and other regions of northern Italy .

All the 431 samples were analysed for the presence of Salmonella spp.; the prevalence of this

p(1-p)

d2
n5(za 1 zb)
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bacteria resulted to be 29.33% as far as batches are concerned, while the 36.81% of the farms
resulted positive. The three most prevalent isolated serotypes were S. Typhimurium (24.21%), S.
Derby (18.95%), and the monophasic strain 4,5:i (10.53%), (figure 1). 91 out of the 94 isolated
strains were submitted to antimicrobial resistance test. Overall, 67.03% were resistant to sulfon-
amides, 63.74% to tetracycline, 47.25% to streptomycin, 39.56% to ampicillin, 8.79% both to sul-
phamethoxazole/trimethoprim and to nalidixic acid, 7.69% to kanamycin and 6.59% to neomycin.
Resistance to other antimicrobials in the panel was uncommon (table 1).

74 faecal samples, each one representing one single batch, coming from 68 different farms,
were analysed to detect the presence of Campylobacter spp.; the prevalence of this bacteria
resulted to be of 50% as far as batches are concerned, while the 52.94% of the farms resulted
positive. Campylobacter coli was identified as the most prevalent species (65.79%), while
Campylobacter jejuni was never isolated. 

74 faecal samples, each one representing one single batch, coming from 70 different farms,
were analysed to detect the presence of Enterococcus spp. The three most prevalent isolated
species were Enteroccoccus faecium (58.49%) Enteroccoccus durans (18.87%) and
Enteroccoccus faecalis (13.21%). 51 out of the 53 isolated strains were submitted to antimicrobial
resistance test; results are shown in table 1.

74 faecal samples, each one representing one single batch, coming from 70 different farms,
were analysed to detect the presence of Escherichia coli. 44 out of the 47 isolated strains were
submitted to antimicrobial resistance test; results are shown in table 1.

In the second monitoring campaign a total of 173 faecal samples, each one representing one
different batch, were collected. The batches derived from 133 farms located mostly in the Veneto
Region (134/173) and for a minor part from other regions of northern Italy.

All the 173 samples were analysed for the presence of Salmonella spp.; the prevalence result-
ed to be of 25.43% as far as batches are concerned, while the 32.33% of the farms resulted pos-
itive. The three most prevalent isolated serotypes were S. Typhimurium (22.22%), S. Anatum
(20%), and S. Derby (13.33%) as shown in figure 1. 40 out of the 45 isolated strains were submit-
ted to antimicrobial resistance test. Overall, 80% were resistant to sulfonamides, 70% to tetracy-
cline, 42.50% both to streptomycin and to ampicillin, 15% to nalidixic acid,  7.50% to kanamycin,
5% to sulphamethoxazole/trimethoprim. Resistance to other antimicrobials in the panel was
uncommon (table 1).

128 faecal samples, each one representing one single batch, coming from 107 different farms,
were analysed to detect the presence of  Enterococcus spp. The three most prevalent isolated
species were Enteroccoccus faecalis (45.21%), Enteroccoccus faecium (28.77%), and
Enteroccoccus durans (15.07%). 40 out of the 73 isolated strains were submitted to antimicrobial
resistance test; results are shown in table 1.

137 faecal samples, each one representing one single batch, coming from 114 different farms,
were analysed to detect the presence of Escherichia coli. 86 out of the 100 isolated strains were
submitted to antimicrobial resistance test; results are shown in table 1.

Discussion The experience carried out during this monitoring programme allowed us to test the
methodology, from both an epi-
demiological and microbiological
point of view.

An important advantage of
the method applied is the possi-
bility of using the same sample
to make different kind of exami-
nations, with the aim of giving
the best possible value to the
effort of building and implement-
ing a sound sampling scheme.

The statistical method adopt-
ed in 2004 appeared very useful
in order to asses variations in
prevalence during time, with a
limited number of samples. Figure 1: Distribution of Salmonella serotypes (%) over time.
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We chose to perform sampling at the slaughterhouses, and this offered the advantage of a
not very time-consuming operation, avoiding the need of visiting several premises and the neces-
sity of a national database of holdings. On the other hand, sampling at slaughter showed some
problems, as the fact that the holding of the batch of origin was not always easily identifiable a
priori, and probably this created some difficulties to official veterinarians in slaughterhouses in
respecting the sampling scheme, leading to repeated sampling of some batches and holdings, dif-
ferently from what originally prescribed. 

Moreover, sampling at slaughterhouse poses a serious problem related to the risk of cross-
contamination (Botteldoorn et al, 2003; Berends et al, 1997). In general, faecal samples at slaugh-
ter not always give a precise indication of the sanitary status of herds, but is also not completely
representative of a possible risk for the consumer, if other factors such as slaughtering and pro-
cessing are not taken into account (Berends et al., 1998). It’s therefore a very cost-effective
method to estimate the prevalence in a given area when no precise information of the sanitary
status of animal population is available, and can provide baseline data on which a more targeted
monitoring scheme can be designed (Davies et al, 2004).

Conclusions Considering advantages and disadvantages previously described, in the framework
of zoonoses monitoring, we strongly recommend a scheme based on the multiple examination of
the same matrices, and on statistical criteria which allow to follow trends during time and to
promptly detect variations in prevalence.

In order to overcome disadvantages due to sampling at slaughter, it was decided that the next
monitoring scheme in pigs in the Veneto Region of Italy will be performed at holdings, in order to
compare the efficacy of different approaches and to achieve the experience necessary to success-
fully implement zoonoses legislation in this animal species.
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Antibiotic

2002-2003 percentages 
of resistant strains

2004 percentages 
of resistant strains

Salmonella
spp.

Enterococcus
spp.

E. coli
Salmonella

spp.
Enterococcus

spp.
E. coli

Colistin 0.00 0.00 0.00 0.00

Sulphamethoxazole
/Trimethoprim

8.79 38.64 5.00 29.70

Kanamycin 7.69 9.09 7.50 10.47

Gentamicin 0.00 1.96 2.27 0.00 2.50 0.00

Neomycin 6.59 2.50

Cefotaxime 0.00 0.00 0.00 0.00

Amoxycillin/
clavulanic acid

0.00 0.00 0.00 0.00

Nalidixic acid 8.79 9.09 15.00 8.14

Tetracycline 63.74 58.82 84.09 70.00 67.50 74.42

Ampicillin 39.56 5.88 40.91 42.50 5.00 43.02

Streptomycin 47.25 47.73 42.50 22.50 32.56

Sulfonamides 6.03 80.00

Chloramphenicol 4.40 7.84 27.27 2.50 25.00 23.26

Cephalothin 2.20 2.50

Enrofloxacin 1.10 0.00 0.00 4.65

Ciprofloxacin 0.00 7.84 0.00 12.50

Penicillin 23.53 10.00

Erithromycin 52.94 50.00

Rifampicin 45.10 37.50

Teicoplanin 0.00 2.50

Vancomycin 0.00 0.00

Spyramicin 90.20 95.00

Tylmicosin 64.00 85.00

Amikacin 0.00 0.00

Cefazolin 0.00 0.00

Spectinomycin 6.82 8.14

Sulfisoxazole 61.36 61.63

Table 1: Percentage of Salmonella spp., Enterococcus spp. and
E.coli strains from pigs resistant to individual antimicrobials.
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Veterinary Laboratories Agency, New Haw, Addlestone, Surrey, KT15 3NB, UK. Email: a.j.cook@VLA.defra.gsi.gov.uk 

Abstract Data from the British Zoonoses Action Plan Salmonella Monitoring Programme (ZAP)
and from quality assurance schemes for pig producers were combined to enable epidemiological
analysis. Information concerning 105,631 samples from 1,806 farms were analysed using a multi-
ple logistic regression model. Results showed that pigs from farms using home mixed rations,
from breeder-finisher units, kept on solid floors and from units in England were at increased risk
of having a positive meat juice ELISA test result. There was a strong cluster effect. The study
made use of routine data so it was not possible to consider possible confounding variables such
as herd health.

Introduction All farms sending pigs for slaughter through a British Quality Assured Pork (BQAP)
abattoir in GB must be members of a quality assurance scheme. These schemes collect data
include type of enterprise, feed use, herd size and other potential risk factors for salmonella infec-
tion. Pigs from every batch delivered to all BQAP abattoirs are tested by the MJ ELISA for the
ZAP scheme and these results are stored on a dedicated database. These data were combined
and analysed using conventional epidemiological approaches to investigate possible risk factors
for a positive MJ ELISA result. 

Material and Methods Data from pig quality assurance schemes in England and Scotland and
from the ZAP scheme were combined in an MS ACCESS database and transferred into Stata v8
for epidemiological analyses. Each potential explanatory variable was considered independently
for evidence of an association with the test result. Those that were statistically significant
(p<=0.05) were incorporated into a multivariate logistic regression model and investigated for pos-
sible confounding. This model was adjusted to account for clustering at the farm. 

Results Test results from 105,631
samples collected from 1,806
farms between 20 June 2002 and
2 October 2003 were included.
27,256 (25.8%) of these samples
were positive in the MJ ELISA
test using the S:P 0.25 cut-off
value and the distribution
amongst herds is shown in figure 1. A variable
for region and new variables to summarise
those present in both datasets were defined
(see table 1). Each of these was independently investigated for evidence of a statistically signifi-
cant association (p<=0.05) with the MJ ELISA result, taking into account the farm-level clustering.
Those variables that were associated with the MJ ELISA result were then used to develop a mul-
tiple logistic regression model that was also adjusted for farm (Table 2).

These results show that risk of a positive MJ ELISA result is reduced amongst pigs derived
from farms with breeding pigs or fed home mix rations whilst risk is increased amongst pigs fed
a pellet ration during the grower/ finisher cycle. The effect of solid flooring was not significant in
the multivariate model, emphasising the importance of controlling for confounding. Region has a
significant effect over and above that due to regional variation in the distribution of the risk factors
and pigs from Scotland were approximately 60% less likely to be MJ ELISA positive (Adjusted
odds ratio = 0.39; 95% confidence interval 0.28 – 0.55). There was no evidence of significant
interaction amongst these variables. 

Finally, the merged dataset was collapsed to facilitate analysis at the farm level. As shown in
table 3, farms with breeding pigs and farms that used home mixed rations were less likely to be
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Risk Factor
England Scotland

p-value (chi2)
Yes No Yes No

Breeding herd 887 801 48 70 0.013

Home mix 409 1,279 44 74 0.002

Pellet feed1 995 557 90 28 0.004

Solid floors2 1,192 317 9 37 <0.001

Table 1. Distribution of risk factors for salmonella infection (pos-
itive MJ ELISA test) amongst 1688 farms in England and 168
farms in Scotland. 1 176 missing values 2 251 missing values

 



assigned ZAP 2 or ZAP 3 scores whilst farms with solid flooring for growers and/or finishers
were more likely to have ZAP 2 or 3 scores. In this farm level analysis, region could not be con-
sidered, as all farms in Scotland were given a ZAP 1 score. Feeding pellets could not be included
in the model as this effect was confounded by home mixing.

Discussion This analysis of routine data has demonstrated significant associations between farm
level risk factors and MJ ELISA results at the individual pig level. Our analysis has taken into
account the clustering effect of farm and we have estimated this cluster effect (deff) as 4.6. Data
from more than 100,000 MJ ELISA tests were included in this analysis. The data were also
analysed using ZAP score 1 compared to ZAP 2 or 3 at the farm level. Similar risk factors were
identified at farm and individual pig level – use of home mixed rations and breeder finisher herds
were protective whilst solid flooring increased risk. Comparable results have been reported from
Denmark (Wong, 2002; Dahl J, 1997), USA (Funk JA et al. 2001) and The Netherlands ( van der
Wolf PJ et al. 2001). The impact of home mixing may be associated with a number of factors,
including the size of the particles ingested by the pig, the degree of acidity induced within the
stomach and intestinal tract and specific ingredients which may induce or repress growth of sal-
monella. The effect of region could only be estimated using individual pig data, since all farms in
Scotland had a ZAP 1 score whereas some 12% of Scottish pigs had a positive test result. These
results could be used to identify farms that are likely to have a greater risk of salmonella infec-
tion, where other control measures might bring the greatest benefits. The large number of
observations also enable risk factors to be considered within a sub-set of farms. For example,
amongst specialist finisher units, feeding pellets is associated with a two fold risk of pigs being
MJ ELISA positive compared to farms using wet or meal feed (ORadjusted = 2.02; 95% ci 1.53 –
2.67). However, it is also evident that data on important a priori confounders, such as the herd
health profile, particularly PMWS status (Cook AJC et al. 2001), or veterinary treatments, is lack-
ing and this does limit interpretation.

The large number of observations allows detection of relatively weak associations, eg with
type of flooring, that would be unlikely to be observed in an analytical epidemiological study,
since the cost of obtaining data from such a large sample would be prohibitive. Furthermore,
there is always some reluctance amongst farmers to participate in voluntary studies, not least
because of the additional demands upon limited time. 
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Risk Factor Odds ratio 95% confidence interval

Breeding herd 0.61 0.31 – 1.00

Home mixing 0.45 0.21 – 0.92

Solid flooring 4.59 1.64 – 12.83

Table 3. Farm level risk factors for a ZAP
2 or ZAP 3 score. Data from 1,555 farms.

Variable Odds Ratio adjusted (95% ci)

Breeding herd 0.59 (0.66 – 0.70)

Home mix rations 0.77 (0.63 – 0.94)

Pelleted feed 1.59 (1.33 – 1.89)

Grower/ finisher floor solid 1.12 (0.94 – 1.34)

Region (Scotland) 0.39 (0.28 – 0.55)

Table 2. Results of a multivariable analysis of data from England
and Scotland for risk factors for a positive MJ ELISA test. Number
of observations = 100,899 1 adjusted for clustering by farm

0 Prevalence  .2 .4 .6 .8 1

Figure 1 - Prevalence of MJ ELISA positive pigs in herds in GB sampled between June
2002 and October 2003. Data from 1422 herds with at least 15 samles tested included.
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SALMONELLA IN CAECAL-CONTENT AND ON 
CARCASS:  INDIVIDUAL CORRELATIONS

Lis Alban*, Lene Lund Sørensen
Danish Bacon and Meat Council, Axelborg, 3 Axeltorv, DK-1609 Copenhagen V, Denmark, Phone +45-87714054, 
Email: lia@danishmeat.dk

Abstract A total of 1,669 finishers, from 167 Danish pig herds delivering to 3 abattoirs, were
included in a study on association between Salmonella bacteriology and serology (measured as
individual, group and herd serology). Salmonella bacteria were measured in caecal-content and on
carcass surface. An analysis of carcass swab samples from finishers from herds with lower levels
of Salmonella demonstrated association with individual and herd serology as well as abattoir. Pigs
from herds with high levels of Salmonella had a much higher probability of positive carcass
swabs, and here, there was no association with serology no matter how it was measured; the
only significant difference was observed between abattoirs. The results indicate that a Salmonella
surveillance based on herd serology will only identify a part of the Salmonella burden. Moreover,
focus should be paid to the abattoir as it is possible to slaughter pigs with Salmonella without
jeopardizing food safety. 

Introduction The Danish nation-wide Salmonella Surveillance Programme for finishing pig herds
is based on antibody analyses of meat-juice samples collected at the abattoir (Mousing et al.,
1997; Nielsen et al., 1998). In summary, the surveillance is based on samples taken at previous
slaughters, and the herd serology is used to assign the herds to one of three levels on a monthly
basis (Alban et al., 2002).

The results presented in this paper are a part of a larger study conducted by Sørensen et al.
(2004). In that study, a strong correlation between herd serology (proportion of seropositive finish-
ers) and presence of Salmonella in the caecal-content and on the carcass was found. This impli-
cates, that the surveillance will identify herds with many excreters. Pigs from these herds are
slaughtered under special hygiene precautions (sanitary slaughter). 

The question is how well surveillance based on a three-month herd classification deals with
the Salmonella burden in a pig population? Individual variations, variation between abattoirs as
well as variations in the herd over a shorter time might account for a substantial part of the
Salmonella burden that will not be picked-up by the current surveillance. In order to address this,
the present paper aimed at elucidating the individual correlations as well as looking on the effect
of abattoir and way of slaughter (ordinary/sanitary).

Materials and Methods The study was carried out from March to October 1999. The herds were
selected according to their herd serology to represent all levels of Salmonella burden based on
data from the national surveillance. The samples were collected at 3 Danish abattoirs (A, B, C).
Abattoir A and C performed sanitary slaughter of Level 3 finishers, whereas abattoir B did not per-
form sanitary slaughter. The pigs arrived at the abattoir after around 1 hour of transport, and
remained a maximum of 1 hour in the lairage, separated from other pigs. Thereby, the caecal-con-
tent sample was expected to represent mainly the bacterial load originating from the herd of ori-
gin, and only to a minor degree pick-up during transport and lairage. From each herd, samples
were collected from 10 animals to ensure that the variation within a herd was represented at
least to some extent. Cross-contamination was defined as findings of Salmonella on the carcass
of a finisher, where Salmonella was not found in the caecal-content.

For bacteriological examinations, one caecal-content sample and one carcass swab were
taken from each animal. A meat juice sample was also taken from each carcass for serological
analysis. The samples were marked; enabling trace-back of all samples to the specific carcass,
and thereby, the herd of origin. 

From the caecum, a total of 50 ml caecal-content was transferred to a plastic container, and
25g were used for analysis. The ham, the pelvis, the total breast cut, and the surrounding 5cm of
skin were swabbed with two tampons on the slaughter line, yielding a total swabbed area of
1,400cm2 of the carcass. The bacteriological examinations were performed according to the
NMKL no. 71 with the Danish Veterinary & Food Administration’s modifications or by use of the
Eiafoss at the abattoirs’ officially approved laboratories.

 



First, the associations between presence of Salmonella on the carcass and 1) individual serology
(measured as OD%) and 2) group serology (GROUP_OD%: the sum of the serology of the 10 ani-
mals delivered together – an indicator for the Salmonella burden in the herd at the time of slaugh-
ter) and 3) herd serology (HERD_OD%: percentage of positive samples taken in the herd during 3
months prior to the study by use of cut-off 40 OD% - an indicator of the general burden of
Salmonella in the herd) were inspected by plotting of the data. Moreover, the effect of abattoir (A,
B, C) and way of slaughter (sanitary slaughter or not) were investigated.

Next, a logistic regression model was made by use of the procedure PROC MIXED (SAS,
1996). If a plot demonstrated a linear association with one of the variables representing serology,
this variable was introduced as a covariate into the model. If the association was non-linear, serol-
ogy was grouped into an appropriate number of classes, and this class variable was introduced.
The main effects were included if the associated p-value was <0.05. Presence of interaction
between two explanatory variables was investigated, and an interaction term was included if the
associated p-value was <0.05. Over-dispersion due to clustering within a herd was dealt with by
use of the GLIMMIX macro.

Results A total of 1,665 carcass swabs were analysed and Salmonella was found in 159 (9.5%) of
these samples. A total of 1,658 caecal-content samples were analysed and Salmonella was found
in 216 (13.0%) of these samples.

Only the bivariable analyses that were statistically significant are presented in the following.
For the finishers originating from herds with no, low or medium burden of Salmonella (Level 1
and Level 2 herds), a high individual OD% (>60) was associated with a 3 times higher risk of find-
ing Salmonella on the carcass. Likewise, a high level of group serology (GROUP_OD%>300) was
associated with a 3 times higher risk of finding Salmonella on the carcass than a low level of
group serology. Moreover, a moderate or high level of herd serology (HERD_OD%>10) was asso-
ciated with a 14 times higher risk than a low level of herd serology (HERD_OD%≤10). Finally,
abattoir A was associated with a 2 times higher risk of Salmonella than abattoir C, whereas abat-

toir B resembled abat-
toir C (Table 1).   

For the finishers
originating from herds
with a high Salmonella
burden (Level 3 herds)
there was generally a
high prevalence of
Salmonella in the car-
cass swab samples,
irrespective of serolo-
gy. Abattoir B (RR=10)
and C (RR=3) were
associated with a
much higher risk of
Salmonella on the car-
cass than abattoir A
(RR=1).

The results of
the multiple regression
analyses of data from
finishers from Level 1
or 2 identified a con-
current significant
association between
individual and herd
serology and the pres-
ence of Salmonella
bacteria in the carcass
swab. A high individual

28
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

Table 1: Bivariable association between Salmonella serology (measured at individual, group
and herd level, respectively) and abattoir and presence of Salmonella in 1,291 carcass swab
samples from Danish slaughter pigs from herds with no or low levels of Salmonella, 1999.
a: the group consisted of 10 finishers delivered jointly to the abattoir. b: herd serology was
defined as percentage of positive samples taken in the herd 3 months prior to the study
(cut-off 40 OD% was used for evaluation of the individual meat-juice samples).

Risk Factor
Analysis of carcass swabs for Salmonella

Positive
Samples # (%)

Negative
Samples # (%)

Total #
(100%)

Individual serology

IND_OD% # 60 73 (6.2) 1105 (93.8) 1178

IND_OD% > 60 15 (20.6) 58 (79.5) 73

Groupa serology

GROUP_OD% = 0 23  (5.6) 386 (94.4) 409

0 < GROUP_OD% # 20 4 (1.5) 263 (98.5) 267

20 < GROUP_OD% # 300 36 (8.0) 416 (92.0) 452

GROUP_OD% > 300 25 (17.5) 118 (68.3) 143

Herdb serology

HERD_OD% = 0 2 (0.7) 278 (99.3) 280

0 < HERD_OD% # 10 7 (3.3) 208 (96.7) 215

10 < HERD_OD% 80 (10.1) 716 (90.0) 796

Abattoir A 49 (12.3) 351 (87.8) 400
Abbatoir B 18 (3.5) 497 (96.5) 515
Abbatoir C 22 (5.9) 354 (94.2) 376
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serology (OD%>60) was associated with a 2.2 times higher odds of finding Salmonella in the car-
cass swab compared to a low individual serology (OD% ≤60) (p=0.0034). Medium and high levels
of herd serology (HERD_OD%>10) were associated with an OR of 15.2, and low levels of herd
serology (0<HERD_OD%≤10) with an OR of 5.9 compared to individuals originating from a
seronegative herd (HERD_OD%=0; p=0.0161). Pigs slaughtered at abattoir A had 4.3 times higher
odds of having Salmonella in the carcass swab compared to abattoir C, whereas pigs abattoir B
resembled abattoir C (0.0227). There was no effect of group serology (p=0.41). 

A multiple regression analysis of finishers from Level 3 demonstrated that there was no asso-
ciation with serology no matter how it was measured. The only significant difference occurred
between abattoirs (p=0.0198). Abattoir A was associated with an OR of 0.23, and abattoir B with
an OR of 13.8 compared to abattoir C. 

The association between findings of Salmonella in the caecal-content and on the carcass for
the 3 abattoirs was studied, divided according to Salmonella level of the herd (Level 1-2 / Level 3)
(Table 2). For Level 1 and 2, cross-contamination occurred at abattoir A (irrespective of Salmonella
level), because the 7-12% of finishers that were negative for Salmonella in the caecal-content
were positive on the carcass. Contrary, cross-contamination only occurred to a minor degree at
abattoir B and C. For Level 3, cross-contamination occurred at all 3 abattoirs. However, abattoir A
managed to slaughter the Level 3 finishers in a way that resulted in a much lower prevalence of
Salmonella (7.2%) compared to the other 2 abattoirs.

Discussion The results of the multiple regression demonstrated that for Level 1 and 2 finishers,
there was a statistical significant association between individual and herd serology and the proba-
bility of finding Salmonella on the carcass. For individual serology, an OD% above 60 was associ-
ated with a doubling of the odds compared to levels ≤60. For herd serology, levels above 10%
samples (last 3 months results evaluated at an individual cut-off of 40 OD%) were associated
with a 15 times higher odds compared to finishers from a seronegative herd or a herd with very
low herd serology (1-10% positive samples). This is in concordance with Alban & Stärk (2005) who
also found in a simulation model of Salmonella from farm to fork, that there was sufficient
Salmonella in Level 1 to constantly fuel the abattoirs with Salmonella. At the time the study was
conducted, an individual cut-off of 40 OD% was in place, and sanitary slaughter was applied to
herds with a herd prevalence >33% for large herds and >50% for medium and small herds
(Mousing et al., 1997). However, according to the present results, if herd serology should be used
to effectively keep the input of Salmonella into an abattoir down to a minimal level, then herd cut-
off for entering Level 3 should be reduced substantially, down to 10% (when evaluated at an indi-
vidual cut-off of 40 OD%). This is from an economically point of view not feasible, nor logistically
possible as demonstrated by Nielsen et al. (otherwise in this proceeding). 

The ordinary slaughter on abattoir B of finishers from herds very recently allocated to Level 3
resulted in an unacceptable high prevalence of Salmonella on the carcasses (73% - Table 2). In
2001, this problem was reduced by introducing a weighting in the national surveillance, whereby
the most recent month counted 3 times as much as the 2 previous months. This has resulted in a
quicker assignment to a higher level when a herd seroprevalence is increasing, and likewise, a
sooner assignment to a lower level when Salmonella reducing initiatives have been implemented
in the herd (Alban et al., 2002).

The large
difference in
Salmonella
positive car-
casses
between
abattoirs
emphasizes
the need for
abattoir-spe-
cific projects
aiming at
reducing
Salmonella.

Table 2: Association between findings of Salmonella in the caecal-content and on the carcass for 3 Danish
abattoirs – divided according to Salmonella level of the herd (Level 1-2 / Level 3), 1,647 Danish finishers, 1999 

Abattoir
Salmonella
in caecal-
content

Salmonella in carcass sample
in Level 1 and 2 finishers

Salmonella in carcass sam-
ple in Level 3 finishers

Positive
# (%)

Negative
# (%)

P
Positive
# (%)

Negative
# (%)

P

A
Positive 7 (15.6) 38 (84.4)

0.47
2 (7.7) 24 (92.3)

0.91
Negative 42 (11.8) 313 (88.2) 9 (7.1) 118 (92.9)

B
Positive 7 (17.1) 34 (82.9)

<.001
3 (60.0) 2 (40.0)

0.41
Negative 11 (2.3) 463 (97.7) 8 (80.0) 2 (20.0)

C
Positive 10 (21.7) 36 (78.3)

<.001
19 (35.9) 34 (64.2) 0.02

Negative 12   (3.6) 318 (96.4) 27 (20.0) 108 (80.0)
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Abattoir A managed to slaughter the Level 3 finishers in a way that resulted in a low prevalence of
Salmonella (7.2%). This was a result of a project aiming at optimizing slaughter hygiene. However, on
the same abattoir the Salmonella prevalence of Level 1 and 2 carcasses was 12.3%, indicating that
most attention went to sanitary slaughter. The experience that there is large variation between abat-
toirs and that it is possible to slaughter in a hygienic way has been implemented in the Danish sur-
veillance for Salmonella, because in the recently implemented intensified control program for
Salmonella in Danish pork focus is on the individual abattoir (Sørensen & Møgelmose – otherwise
presented in this proceeding). 

Conclusions The results of this study of individual correlations between Salmonella serology and
bacteriology, and abattoir and way of slaughter (ordinary/sanitary) demonstrate that :
1. A surveillance based on herd serology will correctly identify a substantial part of the 

Salmonella burden, however, it will also miss a part because of individual variation.
2. Even moderate levels of herd serology were associated with an increased risk of finding 

Salmonella on the carcass. 
3. Large variation in Salmonella carcass prevalence between abattoirs indicates that increased 

focus should be paid to the individual abattoirs as it is possible to slaughter pigs with 
Salmonella without jeopardizing food safety. 
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RISK FACTORS, AT SLAUGHTER, ASSOCIATED WITH
PRESENCE OF SALMONELLA ON HOG CARCASSES IN
CANADA 

Ann Letellier1*, Evelyne Guevremont2, G. Beauchamp1, S. D’Allaire1, , S. Fournaise3, C.
Poppe4,T. Sanderson5, Sylvain Quessy1
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Abstract Despite application of HACCP systems at slaughter and during processing, Salmonella
contamination is still a significant biological hazard associated with pork products. A better under-
standing of slaughterhouse risk factors and contamination sources are therefore critical to
improve control of this bacterium at slaughter level. The overall objective of this study was to
identify the risk factors, at  slaughter, associated with the presence of Salmonella in hog carcass-
es.  We were also interested in the genetic characterization of the strains in order to assess the
origin of contamination.  A questionnaire on various potential risk factors was developed, Over
7400 hogs were tested. These hogs originated from 312 randomly selected production lots. The
lots came from 8 different provinces and were tested at time of slaughter in 10 different abattoirs.
The tests included serology and bacteriology cultures from mesenteric lymph nodes (MLN) and
carcasses. Furthermore, pulsed field gel electrophoresis (PFGE) was conducted to establish
genetic profiles of selected isolates from carcasses and MLN to compare their profiles to those
recovered from the slaughter environment. Multivariate regression analysis indicated that the
cleanliness of the hogs and the status of the scald water were significant factors associated with
the final bacteriological status of the carcasses.  PFGE analysis showed that most isolates from
carcasses were similar to those from animals (MLN) and/or pre-evisceration environment.

Introduction Salmonellosis and Campylobacteriosis are the two most reported foodborne diseases
every year in Canada (Todd, 1997). The farm-to-table approach is now recognized as being the best
approach for efficiently controlling Salmonella in swine herds and carcasses (Crump et al., 2002). In
order for this approach to be efficient, all production steps must optimize control of this bacterium in
order to decrease the contamination rates observed in the final product. There is still a need to bet-
ter understand the sources of contamination and risk factors at slaughter associated with the pres-
ence of Salmonella on hog carcasses. The overall objective of this study was to identify risk factors,
at  slaughter, associated with the presence of Salmonella in hog carcasses. We were also interested
in the genetic characterization of the strains in order to assess the origin of contamination.

Materials and Methods The questionnaire covered risk factors at the slaughterhouse and a por-
tion of the transportation of animals. It was completed by slaughterhouse employees in charge of
quality assurance. There were three phases in the development of the questionnaire. The first
involved a review of the literature in industrialized countries with similar production schemes in
order to identify all potential risk factors associated with the slaughter of hogs. In the second
phase, a group of experts, veterinarians and research scientists involved in the epidemiology and
control of Salmonella in hogs were consulted and asked to validate the first draft of the question-
naires on the documented risk factors. They also suggested other potential risk factors. Finally,
personnel from two slaughterhouses were asked to validate the questionnaires for understanding
and clarity. In addition, all the participating slaughterhouse employees were contacted and given
an explanation of the scope and goals of the study, along with instructions on how to complete
the questionnaire properly.

Collection of samples at the slaughterhouse: One-gram samples of mesenteric lymph nodes
were collected. In addition, bacterial carcass samples were collected by swabbing the three pre-
determinated anatomical sites were obtained for each animal. A total of 7441 carcasses were
included. These pigs originated from 312 production batches and at 10 slaughterhouses in Canada
receiving animals from Quebec, Ontario, Manitoba, Saskatchewan and British Columbia. Between
20 to 25 animals were randomly sampled per lot (first animal randomly selected, and every fourth
one thereafter).  Blood samples were also taken from the same animals selected for the lymph
node sampling. A total of over 22,000 samples were obtained.
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In addition, at each visit, nine samples  were collected by swabbing the immediate animals’ and
carcasses environment (pens, chutes, receiving, scald water, evisceration floor, boots, gloves,
aprons and knives). For the samples taken from the hog pen floors, composite samples were col-
lected from 5 sites per pen, at 8 pens for each day of collection. For chutes and receiving, sam-
ples were collected from 5 sites. For scald water, 50 ml was collected for analysis. For knives,
composite samples were collected from the blade and handle of 3 knives. For the other types of
sampling, samples were taken from 3 sites measuring 10 x 10 cm. Samples were collected over a
minimum of 3 days at each of the participating slaughterhouses. The number of lots to be sam-
pled per slaughterhouse was determined in advance, based on the daily volume of slaughtering at
the slaughterhouse.

Bacteria isolation and Characterization: Swabs were placed in sterile bags containing a trans-
portation medium, put in a cool place, and shipped to the laboratory of the Research Chair in
Meat Safety at the University of Montreal. The samples were incubated in the official method set
out in Mega-Reg (USDA, 1996), in selective enrichment broth (RV and TBG) and then inoculated
on selective agar media (BGS and DMLIA supplemented with novobiocin 20µg/mL). Biochemical
assays were conducted to confirm the identification, and serotyping was done at the MAPAQ lab-
oratories in Saint-Hyacinthe, Quebec.

In addition, for each slaughterhouse, selected isolates from carcasses, the environment, and
lymph nodes were genetically characterized by pulsed field gel electrophoresis (PFGE) using the
method of Schwarz et al. (1994) in order to establish their genetic profile.

Serological Analysis: Blood samples were analyzed in order to detect the presence of
Salmonella antibodies by the means of an ELISA to establish and determine the status of the ani-
mals when at farm. The serological assay used in this study has been developed to allow the
detection of serological response to more than 95% of the Salmonella serotypes commonly
found in Canada (Côté et al., 2004).

Statistical Analysis: A univariate logistic regression was done first in order to identify the sig-
nificant discrete-type risk factors (presence/absence) in relation with some discrete dependent
variables. For instance, association between each risk factor and categories of prevalence of
Salmonella on carcasses per lot was analyzed to identify certain potentially significant risk factors.
Next, we used multivariate logistic regression to establish which of the variables identified in the
univariate analysis should be retained in the final model.  For the analysis of the continuous vari-
ables, such as chlorine concentration and the slaughter chain speed, the Spearman rank correla-
tion was used. All these analyses were done using version 8.1 of the SAS program (SAS Institute,
Cary, NC). Other statistical analysis comparing two prevalences were done, unless otherwise indi-
cated, by using Student’s t-tests for comparing prevalences in small populations.

Results Risk factors at the slaughterhouse associated with the presence of Salmonella on car-
casses: For the intra-slaughterhouse analysis, the prevalence (%) of Salmonella on carcasses per
lot per slaughterhouse has been used as an independent variable. This prevalence has been split
into a three-level variable for analysis purposes (absence: 0%, weak presence: > 0% and <=
12%, and strong presence: > 12%).

However, it should be noted that several independent variables could not be considered, main-
ly because of the lack of variations among the lots. Logistic regression was used to analyze the
possible links between the other practices and prevalence results. The first step involved testing
each of the independent variables by itself. Significant variables with a threshold of 0.15 or less
were considered in step two. These were: scalding tank, knife, boots, physical appearance of
hogs, and the number of chain stoppages. Each of these variables is associated with the preva-
lence of Salmonella between lots at a slaughterhouse. The second step involved combining these
variables so as to determine which of them would be retained in the final model.

The final model included two variables: scald water (p = 0.005) and appearance of hogs prior
to slaughtering (p = 0.008). The odds of Salmonella presence dropped by a factor of 0.39 when
the scald water was Salmonella free and increased by a factor of 2.78 in lots with moderately
clean rather than clean hogs (25% or more of the body surface having accumulated fecal material
on the skin). No differences were found between clean lots (no accumulation of fecal material on
the body) and relatively clean ones (less than 25% of the body surface having accumulated fecal
material).

For the inter-slaughterhouse portion of the analysis, we used the percentage of Salmonella-



contaminated lots per slaughterhouse as the dependent variable. The same slaughterhouse could
appear in the analysis twice if it changed cleaning product or chain speed. The independent vari-
ables used were average speed of slaughter chain, average concentration of chlorine and quater-
nary ammonium, the use of one (single) or two products (combination) for disinfection, frequency
of washing of the knife used for opening the abdominal cavity and the addition of chemical agents
to the rinse water. These factors were constant within a given slaughterhouse. The Wilcoxon test
was used to verify that the median prevalence in the slaughterhouses with combination cleaning
products differed from the median prevalence in those that used a single cleaning product, and if
the prevalence in the slaughterhouses that rinsed carcasses with chlorination differed from the
prevalence in those that did not do so.

There was a positive but marginally non-significant correlation between a slaughterhouse’s
chain speed and its prevalence (r = 0.53, 0.10 > p > 0.05). There was no correlation between
slaughterhouse prevalence and chlorine concentration (r = -0.24, p > 0.20) or the concentration of
quaternary ammonium (r = 0.15, p > 0.5). There was a positive but marginally non-significant cor-
relation between the prevalence and the frequency of washing the knife used for opening the
abdominal cavity (r = 0.58, 0.10 > p > 0.05). Slaughterhouse prevalence was similar for the two
types of cleaning products (p = 0.11) and for the two types of rinsing (p = 0.63).

The relationship between the status of the carcass and its serological status was demonstrat-
ed. In nearly half of the cases (56/129), the serology was negative but the carcasses proved to be
positive, which suggests a recent contamination of the animal during transportation or cross-con-
tamination of the carcass at the slaughterhouse. However, if the serology was positive, the car-
casses were very often positive as well (122/183), which indicates that positive serological status
strongly correlates with the positive status of a carcass. Testing at lot level, in the logistic regres-
sion model, with the sampled slaughterhouse as the random factor, indicates a positive and sig-
nificant relationship between the seropositive percentage and the positive carcasses percentage.
The odds that a lot showed a high score of positive carcasses increased by a factor of 5 when it
had a serology score of 2, compared with a score of 0 (p < 0.0001).

We next examined the relationship between the bacteriological status of the mesenteric
lymph nodes and the carcasses. In many cases (80/93), the carcass was negative but the lymph
nodes were positive, which in all likelihood indicates that these animals were slaughtered in such
a way that the carrier animal’s infected tissues did not contaminate the carcass. However, if the
carcass was positive, the lymph nodes were very often positive as well (75/86), which suggests
contamination from the animal’s infected tissues. At lot level, we examined the association
between the prevalence of Salmonella on carcasses and in lymph nodes. The logistic regression
model, with the sampled slaughterhouse as the random factor, indicates a positive and significant
relationship between the percentage of positive lymph nodes and the percentage of positive car-
casses. The odds that a lot
showed a high score of posi-
tive carcasses increased by a
factor of 5.4 when it had a
lymph-node score of 2, com-
pared with a score of 0 (p =
0.0006). 

Finally, we studied the
genetic profiles of Salmonella
strains isolated from carcasses,
the environment and mesen-
teric lymph nodes. The study of
the PFGE (pulsed field gel elec-
trophoresis) genetic profiles of
the bacteria isolated in each
slaughterhouse from carcass-
es, the pre-evisceration envi-
ronment (entrance, pens, alley-
ways, scald tank), post-evisceration envi-
ronment (floor, boots, knives, aprons)
and lymph nodes (animal status) indi-
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Figure 3: PFGE analysis of Salmonella isolates from same-day col-
lection in a slaughterhouse. Legend: the strains labelled CP-246 and
CP-241 match a Salmonella isolate from knives and boots respec-
tively, and the strain CP-244 is from the holding pens. The GA
strains are from lymph nodes, and CP strains are from carcasses.
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cates that, in the majority of cases of contamination of carcasses by the environment, the strain
isolated from the carcass comes from the pre-evisceration environment, whereas the strains iso-
lated from the evisceration floor seem to differ from those isolated from the carcasses. The ani-
mals therefore appear to be contaminated by strains present in the pre-evisceration environment.
Figure 3 shows an example of carcass contamination where the isolated strains (CP-269, CP-268,
CP-266, CP-264) are identical to those isolated in the pens (CP-244). We also found the same pro-
file on both the carcasses and the mesenteric lymph nodes.

Discussion This study, designed to identify the risk factors associated with the presence of
Salmonella in carcasses, is the most comprehensive one undertaken to date on this topic in
Canada. This study clearly shows that the status of livestock on the farm, established serological-
ly, is closely linked to the presence of Salmonella on the carcasses. Carcasses from category 2
herds, i.e., herds where more than 20% of the animals are positive, were 5 times more likely to
be positive than carcasses from negative herds, and 3 times more likely to be positive than those
from herds with a prevalence less than 20%.  Although attention should be paid to control he risk
factors identified in the current study at slaughter level, it also suggests that on farm intervention
to decrease the number of serologically positive animals should be of great value in order to
decrease the percentage of positive carcasses.  

By genetically characterizing strains isolated from carcasses, it was possible, in many cases,
to match genetic profiles of strains isolated from the pens or the scald water to the strains isolat-
ed from the carcasses. In contrast, given the relatively small number of slaughterhouses and the
fact that they follow similar practices, several significant risk factors could not be studied in detail.
There are however statistical trends indicating that factors such as chain speed, the combination
of cleaning products and the frequency of washing the knife used for opening the abdominal cavi-
ty deserve more thorough study in future studies.

Conclusions With regard to risk factors at the slaughterhouse, the study shows the degree of
impact that controlling the pre-evisceration environment has on the final status of carcasses.
Namely, the cleanliness of the hogs and the status of the scald water proved to be significant fac-
tors associated with the final bacteriological status of the carcasses.  Results obtained by genetic
characterization and serology indicated that particular attention should be paid to the status of
incoming animals and the pre-evisceration environment in order to better control Salmonella in
pigs at the slaughter level. 
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RESTING ON TRANSPORT TRAILER REDUCES 
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Abstract A potential intervention strategy to reduce the prevalence of Salmonella enterica at har-
vest was evaluated, which consisted of resting pigs prior to harvest on their transport vehicle,
instead of in the abattoir holding pen. Individual fecal samples were collected at the farm and at
the abattoir (n= 120 pigs), where half of the pigs were unloaded, and moved to a holding pen,
whereas the other half stayed in the transport trailer. After approximately 1.5 hour of resting, both
groups were harvested on the same line and samples collected. The overall S. enterica prevalence
was higher for pigs held in the abattoir pens (40.7% versus 13.3%, p<0.05). This study demon-
strates that resting pigs on the transport vehicle as a method to avoid exposure to contaminated
holding pens has the potential to decrease S. enterica levels entering the abattoir.

Introduction Prior to harvest, pigs are held for a period of time to recover from the physiological
changes attributed to handling and transport, improve meat quality, and to maintain a constant
supply for the harvest line (Fortin, 2002; Warriss et al., 1992). However, we have demonstrated
(Hurd et al., 2001; Hurd et al., 2002, Rostagno et al., 2003) that; 

1. abattoir holding pens are highly contaminated with S. enterica,
2. swine exposed to a S. enterica-contaminated environment can become rapidly infected, and
3. much of the pre-harvest S. enterica infection in pigs occurs immediately before harvest 

during this rest period in the contaminated abattoir holding pen. 
Consequently, at harvest, the intestinal tract of the pigs and its associated lymph nodes are fre-
quently contaminated or infected with S. enterica and provide the main source from which the
bacteria may be spread in the abattoir. The more S. enterica pigs carry into the abattoir greater the
risk of equipment and final product contamination.

Intervention strategies to reduce the occurrence of S. enterica infections during the pre-har-
vest holding period are necessary, in order to reduce the number of pigs carrying the bacteria into
the harvest process, consequently reducing the risk of pork and pork products contamination.
Therefore, the main objective of this study was to evaluate a potential intervention strategy to
reduce the prevalence of S. enterica-positive pigs at harvest, which consisted of resting pigs prior
to harvest on their transport vehicle, instead of in the abattoir holding pen. Additionally, a second-
ary objective of this study was to evaluate the effect of transport on S. enterica prevalence. Many
believe that the number of pigs shedding S. enterica will be increased after transportation and its
associated stress. However, limited investigations have been conducted on the potential effects
of transportation stress on S. enterica shedding in swine (Isaacson et al., 1999; Williams and
Newell, 1970). Currently, there is still no conclusive data showing a direct association between
transport and increased shedding of S. enterica.

Materials and Methods A total of 120 grower-aged pigs (~25kg) were included in the experi-
ment, divided in 4 replicates (n=30 pigs per replicate). This study was conducted in a very small
commercial abattoir (~80 pigs per day) and using young pigs to control several logistic-related vari-
ables (e.g., unloading and moving pigs to the holding pen, moving pigs from the holding pen to
slaughter, slaughter line speed, cross-contamination, and others) present in large commercial
abattoirs that may interfere in the experiment. The small size of the plant allowed for moving the
pigs very quickly from the transport trailer to the holding pen, and from the holding pen or trans-
port trailer to the harvest line (~2 minutes).

On the farm, prior to loading, five floor swabs were collected from the transport trailer, and a 1g
fecal sample was collected from each pig (directly from the rectum). Pigs were loaded and immedi-
ately transported for 3-4 hours. Upon arrival at the abattoir, a 1g fecal sample was again collected,
and 15 randomly chosen pigs were unloaded, and moved to a holding pen, whereas the remaining
15 pigs stayed in the transport trailer. Before placement in the holding pen, five floor swabs and one
water sample from the drinker were collected to verify pre-existing contamination. After approxi-
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mately 1.5 hour of resting, both groups were harvested. Individual samples were collected on the
harvest line, and included; distal ileum portion (10cm), cecal contents (10g), and ileocecal lymph
node. All samples were individually processed for the isolation and identification of S. enterica.

Bacteriological culture methods used included primary enrichment in Tetrathionate broth (24
hours at 37oC), followed by sequential enrichment in Rappaport-Vassiliadis broth containing
Novobiocin (24 hours at 42oC), and again in Rappaport-Vassiliadis broth (24 hours at 42oC). From
the last enrichment step, isolation was conducted using Xylose-Lysine-Tergitol-4 (XLT-4) and
Brilliant Green Sulfa (BGS) agars (37oC for 24 and 48 hours). Suspect colonies (two per plate)
were picked and transferred to Rambach agar plates (37oC for 24 hours) for presumptive identifi-
cation, and subsequently submitted for serotyping.

S. enterica prevalence for the studied treatments (i.e., pre-harvest holding in the abattoir pen,
or on the transport trailer) was determined based on each sample type collected, and for any
sample type (i.e., prevalence of pigs positive in at least one of the samples collected). Proportions
were compared by Chi-square, and the significance level applied was p<0.05.

Results Overall, the prevalence of S. enterica was significantly lower (p<0.05) for pigs held on the
transport trailer than for pigs held in abattoir pens (13.3% versus 40.7%, respectively). The
observed difference was consistent in all four repetitions of the experiment.

Incidentally, seven of the 120 pigs (5.8%) were S. enterica-positive prior to transportation, and
only one pig (0.83%) was positive after transport (p<0.05).

Floor swabs collected from the holding pens were frequently found to be positive for S. enteri-
ca (95%, 19/20), and a variety of serovars was found prior to the pigs entering for the pre-slaughter
resting period. Water samples taken directly from the drinkers available to the animals were also
found to be frequently contaminated (50%, 2/4) with S. enterica. Only one sample collected from
the floor of the transport trailer prior to loading the pigs was positive for S. enterica (1/20).

Discussion This study emphasizes that the highly contaminated environment of the abattoir
lairage facilities (i.e., the pre-slaughter holding pens) is a major source associated with the fre-
quently observed increase in S. enterica prevalence at harvest in swine, corroborating previous
investigations (Swanenburg et al., 2001a; Rostagno et al., 2003; Larsen et al., 2004), where abat-
toir holding pens were also found to be highly contaminated with S. enterica. By resting pigs on
their transport vehicle to avoid the abattoir holding pens, we were able to reduce the prevalence
of S. enterica at harvest.

One of the objectives of resting pigs prior to harvest is to improve meat quality (Fortin,  2002;
Warriss et al., 1992). However, as previously mentioned, this study was conducted using grower-
aged pigs as opposed to market weight pigs (i.e., finishing pigs). As a result, it was not possible
to evaluate the meat quality impact of resting in the pen versus the trailer. The evaluation of this
potential effect should be conducted using market-age pigs. In the other hand, using grower-aged
pigs should have no effect on the applicability of the results found regarding S. enterica preva-
lence. The prevalence found after exposure to the contaminated abattoir holding pen is in agree-
ment with the prevalence reported in market-age pigs (Morgan et al., 1987; Swanenburg et al.,
2001b; Hurd et al., 2002; Beloeil et al., 2004; Schmidt et al., 2004). Moreover, grower-aged pigs
have been frequently used as model to study the pathogenesis of S. enterica infection swine
(Wood and Pospischil, 1989; Wood and Rose, 1992; Fedorka-Cray et al., 1995; Gray et al., 1996).

Additionally, this study suggests that transportation of the pigs from farm to abattoir has no
effect on S. enterica prevalence. This evidence is reinforced by the relatively low prevalence found
in the group of pigs held on the transport trailer at harvest (13.3%), even though the estimate was
based in multiple samples (i.e., distal ileum portion and cecal contents) that would increase the
probability of finding positive animals, and consequently, a higher prevalence. Although this type of
sampling increases the sensitivity for the identification of positive animals, the prevalence found
was comparable to the estimate based on pre- and post-transport fecal samples (1g), which have
been demonstrated to have a very low diagnostic sensitivity (Funk et al., 2000). Our results are in
contrast somewhat with previous reports of increased prevalence after transport (Williams and
Newell, 1970; Isaacson et al., 1999). But they call into question whether transportation of pigs and
its associated stress have a significant impact on S. enterica prevalence at harvest. However, fur-
ther investigation is still necessary to more fully understand the complex effects of handling, trans-
porting and mixing of pigs on S. enterica prevalence and shedding.
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It seems reasonable to assume that intervention measures that aim to reduce the exposure
of pigs to S. enterica (i.e., reduce the risk of infection) should be most effective in reducing the
amount of bacteria entering the abattoir. In this study, we pursued the idea of resting animals on
their transport vehicle, based on the observation of a common practice in the poultry industry.
Additionally, other alternatives exist which should be evaluated. For instance, cleaning and disin-
fection of the lairage environment constitute a logical intervention strategy to be considered.

Conclusions From the results obtained in this study, it can be concluded that resting pigs on the
transport vehicle as a method to avoid exposure to contaminated holding pens has the potential
to decrease S. enterica levels entering the abattoir.
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Abstract The prevalence of Salmonella contamination was assessed at five points in a Canadian
pork slaughter plant. In the cooler only 0.5% (2/429) carcasses were positive, even though
Salmonella were detected in 51.3% of all cecal samples and in the cecum of at least one pig in
91.5% (43/47) lots tested. Hogs held overnight in lairage were significantly more likely to have posi-
tive cecal samples. Salmonella was isolated at least once from the truck, holding pen or cecum of
hogs from all 31 producers. Four serotypes comprised 70.3% of 299 isolates: Bovismorbificans,
Derby, Brandenburg and Agona. PFGE showed several Salmonella strains were identical between
fecal samples and carcass swabs. Many strains were different, suggesting resident bacteria or
cross contamination during processing may be important in this plant. Processing interventions
appear to be successfully minimizing carcass contamination in this plant.

Introduction Salmonella is considered the most important food-borne pathogen from pork.
Markets are requiring evidence of Salmonella control both during the production of hogs as well
as pork processing. The epidemiology of Salmonella contamination is complex and not well under-
stood. Determining the baseline prevalence of Salmonella at several steps in the pork production
chain is a first step in developing a control program.

Rates of Salmonella contamination on pork carcasses have been shown to vary widely
between individual plants in Canada (Quessy et al., 2004). Differences in infection status of
incoming hogs and different procedures in each plant play a role in carcass contamination rates.
It has been reported that essentially all Salmonella spp. on pork carcasses leaving the kill floor in
a slaughter plant arrive in or on the pig (Berends et al., 1997). Hogs from some farms may be
chronically infected with high levels of Salmonella spp, while others may rarely be infected (Rajic
et al., 2001, Berends et al., 1996). There is a reported positive correlation between the number of
animals that carry Salmonella spp. in their feces and the number of contaminated carcasses
(Morgan et al., 1987). Cross contamination and infection of animals can occur during lairage, mak-
ing the relationship between on-farm infection status and carcass contamination less clear.
Negative hogs can become infected with Salmonella within a few hours in a contaminated lairage
pen. Increasing lairage time has been reported to increase infection and carcass contamination
rates (Hurd et al., 2001, Morgan et al., 1997)

Lairage and transport have been identified as interventionpoints where carcass contamination
rates can be easily reduced (Hurd et al., 2002, Berends et al., 1996). Some authors indicate that
the most cost effective place to intervene may be during processing (Berends et al., 1996). On-
farm controls have also been suggested as effective. In order to identify effective intervention
points, the sources of contamination must be identified. Pulsed-field gel electrophoresis (PFGE) is
one method that may be used to determine genetic relatedness of strains and sources of con-
tamination.

The objectives of this study were to determine the prevalence of Salmonella at five steps in the
production chain (truck, lairage pen, cecum, carcass before evisceration, carcass in cooler); to
describe Salmonella serovar diversity and relatedness at each step; and to identify risk factors for
contamination. This processor would like to determine which steps are the most effective in con-
trolling carcass contamination, and whether to focus control efforts on the farm or at the plant.

Materials and Methods Hogs were purposively selected to represent the entire slaughter popu-
lation based on farm of origin, duration of lairage (length of time the hog is rested before slaugh-
ter), lot size, and time of slaughter. A lot was defined as a group of hogs from one farm that were
shipped together. Nine hogs were systematically selected from each targeted lot. Lots were not
mixed during transport, lairage or processing. 

Sampling was done over three different seasons. Samples consisted of fecal samples from
the truck (TF) and holding pens after lairage (HP), cecal contents (CS); and carcass swabs before
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evisceration (BE) and in the chilling cooler (CL). TF and HP samples consisted of 5 individual drop-
pings combined into one 25 g  sample. The side of the carcass swabbed was alternated between
animals. Carcasses were swabbed following the USDA protocol (USDA, 1996) with one modifica-
tion; the order of swabbing was belly, jowls then ham.  

Samples were transported in coolers and tested the following day. The entire swab or 10 g
fecal/cecal material was enriched in buffered peptone water for 24 hours. 1 mL of this broth was
transferred to tetrathionate broth (TB) and 0.1 mL to Rappaport-Vassiliadis (RVB) broth. The TB was
incubated at 35 °C and RV at 42 °C for 24 hours. 150 µL of TB and RVB were combined and
screened for Salmonella with real-time PCR (R-PCR). R-PCR positive samples were culturally con-
firmed and three isolates per sample were frozen. One isolate from each CS sample and all three
isolates from CL, BE, TF and HP samples were analyzed by pulsed-field gel electrophoresis (PFGE).
PFGE was performed using the PulseNet method (CDC, Atlanta, GA). Representative strains from
each PFGE profile were sent to the Public Health Agency of Canada laboratory for serotyping.

Results Samples were taken from 47 different lots representing 31 different farms. Salmonella
was isolated at least once from the truck, holding pen or cecum of hogs from all 31 producers.

Thirty-four of the 47 lots tested were held overnight in lairage before slaughter, which is repre-
sentative of the typical kill at this plant where 75% of hogs are held overnight. There were signifi-
cantly more positive fecal samples from the pen floor after lairage (82.9%) than from the truck
floor upon arrival (40.5%) (p<.0001). Lots held overnight were significantly more likely to have
positive pen samples than lots killed the same day as arrival (p<0.5). Lots with positive truck sam-
ples were not more likely to have positive pen samples. Truck samples from five lots were missed
due to lack of feces or poor communication with receiving staff. Lots held overnight had a signifi-
cantly higher prevalence of Salmonella in the cecum and on the carcass before evisceration.

Salmonella spp. were detected in the cecum of 53.3% of hogs and in at least one pig in 43
out of 47 lots (91.5%). Salmonella spp. were detected on at least one carcass before evisceration
in 25 out of 47 lots (53.2%).  Lots with a higher prevalence of Salmonella in the cecum were sig-
nificantly more likely to have a higher prevalence on the carcass before evisceration. The number
of positive carcasses swabbed on the left side was higher than the number swabbed on the right
side, but this was not statistically significant (p<10%).

In the cooler only two (0.5%) carcasses were positive. Both of these carcasses had the same
serotype of Salmonella isolated from their respective cecal samples (Brandenburg and
Bovismorbificans).  Only one of these carcasses was also positive before evisceration and PFGE
determined that the strain was the same in all 3 samples (100% homology).  Although the
serotype was the same in the carcass and cecum of the other hog, PFGE determined they were
different strains (80% homology). 

Four serotypes made up 70.3% of the 299 isolates serotyped: Bovismorbificans, Derby,
Brandenburg and Agona. S. Typhimuirum var copenhagen made up 7.3 % of isolates. S.
Typhimurium var copenhagen was isolated only twice from carcass swabs before evisceration
and not at all in the cooler. On PFGE, Salmonella strains were identical between fecal samples
and carcass swabs in 15 lots. S. Typhimurium var copenhagen was isolated only from 5 of 31
farms, and 3 of these 5 farms sourced breeding stock from the same system. 

Twelve farms were sampled twice, and two farms were sampled three times. The same
serotypes were isolated both times from 8 farms, however only 5 of these farms had repeat
serotypes with the same PFGE profile. One of the farms sampled 3 times had the same serotype
isolated in 2 of the samplings but the PFGE type was different. The other farm had one serotype with
the same PFGE profile isolated from each of the 3 samplings (2 in the same season). There were no

Table 1. Positive Salmonella spp. culture results from five points in a Canadian abattoir.

Date Lot # Truck (feces)
Pen after

Lairage (feces)
Cecal Contents

Swabs Before
Eviseration

Swabs in
Cooler

Sep. 1-15 37% (4/11) 80% (12/15) 65% (93/143) 9.5% (12/142) 0.7% (1/142) 

Feb./Mar. 16-31 31% (5/16) 88% (14/16) 47% (69/144) 13% (18/144) 0.7% (1/143)

May 32-47 53.3% (8/15) 81.3% (13/16) 47.2% (68/144) 11.1% (16/144) 0% (0/144)

Total 47 40.5% (17/42) 82.9% (39/47) 53.3%(230/431) 10.7% (46/430) 0.5% (2/429)



repeat serotypes on 4 farms.
The number of positive samples

did not vary significantly between
the seasons, except the cecal
prevalence rate trended higher in
the September samples. There was
no relationship seen between PFGE
strains and season.

Discussion There was a very low
rate of carcass contamination with
Salmonella in the cooler of this
plant (0.5%) compared to reported
rates from Canada and other coun-
tries (Quessy et al., 2004, Hurd et
al., 2001). In contrast, there was a
relatively high level of Salmonella
infection entering this plant in the
cecum of hogs (53.3% of all hogs
sampled). This suggests that inter-
ventions during processing are likely
very important in achieving low con-
tamination rates in the cooler.

Overnight lairage was associat-
ed with increased Salmonella con-
tamination in the cecum, greater
carcass contamination prior to evis-
ceration, and positive lairage pen
samples. The high rate of overnight
lairage (75% of all hogs killed) at
this plant may contribute to the
high cecal prevalence seen. The
effect of lairageon increased con-
tamination at this plant is consistent
with other reported studies. The
increased infection rate following
lairage has been attributed to acquired
infection from a heavily contaminated envi-
ronment (Hurd et al., 2001). Lots were not
mixed during transport or lairage, and
lairage pens were washed and disinfected between each lot. However, pens were not allowed to
dry after disinfection, concrete floors were grooved and pitted, and hogs were run through com-
mon chutes to the stun area. These factors would allow adequate opportunity for Salmonella to
survive in this barn and be transferred between lots.

Positive truck samples were not associated with positive lairage pen samples or Salmonella
contamination at any other point tested. This suggests that length of time in lairage may be more
important than the Salmonella status of the incoming hog as a risk factor for cecal infection and
carcass contamination in this plant. However, increased sampling on the trucks, during lairage,
and on-farm is needed before drawing conclusions here. Recovery rates of Salmonella may be
lower in the truck and pen samples, as only one pooled pen sample per lot was taken and several
truck samples were missed.

The left side of the carcass was not significantly more likely to be contaminated than the right
side, although there was a numerical trend. Processes such as handling may increase contamina-
tion on one side, thus side of contamination may be useful in detecting processes that contribute
to contamination.

Some Salmonella strains from truck and lairage pen were identical by PFGE to those found on
carcass swabs from the same lot, indicating the source of Salmonella contamination is within the
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Serotype TF HP CS BE CL Total %

Bovismorbificans 4 11 56 16 1 88 23.7

Derby 7 14 48 7 0 76 20.5

Brandenburg 1 9 43 13 1 67 18.0

Agona 2 8 20 0 0 30 8.1

Typhimurium var
copenhagen

3 2 20 2 0 27 7.3

Typhimurium 0 0 1 0 0 1 0.3

Worthington 1 3 10 3 0 17 4.6

Mbandaka 0 2 9 1 0 12 3.2

Rubislaw 1 2 7 1 0 11 3.0

Infantis 1 2 7 0 0 10 2.7

Give 0 1 4 0 0 5 1.4

I:4,12:-:- 0 2 3 0 0 5 1.4

London 0 0 4 0 0 4 1.1

Manhatten 0 1 3 0 0 4 1.1

I:rough-O:i:1,2 0 0 3 0 0 3 0.8

I:rough-O:r:1,5 0 1 1 0 0 2 0.5

California 1 0 0 0 0 1 0.3

Enteritidis 0 0 1 0 0 1 0.3

Uganda 0 0 1 0 0 1 0.3

I:rough-O:1,v:enz 0 0 0 1 0 1 0.3

I:10:-:- 0 0 1 0 0 1 0.3

I:6,7,14:z10:- 0 1 0 0 0 1 0.3

I:4,12:-:enz15 0 0 1 0 0 1 0.3

I:rough-O:-:- 0 0 1 0 0 1 0.3

I:11:r:- 0 1 0 0 0 1 0.3

I:4,12:1,v:- 0 0 1 0 0 1 0.3

Total # of Strains 21 60 245 44 2 372 100

Table 2. Distribution of Salmonella serotypes from five points in a
Canadian abattoir. TF=pooled fecal sample from truck, HP=pooled
fecal sample from holding pen after lairage, CS=cecal sample,
BE=carcass swab before evisceration, CL=carcass swab in cooler
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lot. In 15 lots, the same strain was found both in the cecum and on the carcass. In 32 lots, the
same strains were not found in the cecum and on the carcass, suggesting cross-contamination
from other lots is occurring.  In 6 lots, S. Brandenburg PFGE profile 3 (PP3) was isolated from the
carcass pre-evisceration but not in the cooler, cecal, truck or pen samples suggesting this plant
may have resident Salmonella as a source of contamination.

Prevalance of serotypes found in this study differed from serotypes reported on farm and in
abattoirs in other studies  (Rajic et al., 2005, Bottledorn et al., 2003). S. typhimuirum var copen-
hagen was not found on carcasses in the cooler in this plant, and only made up 7.3 % of isolates.
Farms represented in each study come from different geographical areas, so each population of
pigs may have a different distribution of serotypes.

Serotypes of Salmonella varied when lots from the same herd were repeated. More
serotypes were found after lairage than on the truck. Hogs may be picking up multiple serotypes
from the environment during trucking and lairage and variation in serotypes over time on farm has
been reported (Rajic et al., 2005).

Conclusions The prevalence of Salmonella contamination on carcasses in the cooler of this plant
was very low compared to reported rates from other pork plants, in spite of high prevalence of
Salmonella infection in the cecum of hogs. Although overnight lairage is a significant contributor
to contamination levels, processing interventions appear to be successfully minimizing carcass
contamination in this plant. Cross contamination between hogs and carcasses during processing
appears may be an important source of contamination. Resident Salmonella in this plant may be a
source of S. Brandenburg. Serotype distribution in this plant differed from other reports, especial-
ly with respect to the low prevalence of S. Typhimurium var copenhagen. Each pork plant may
potentially have its own unique distribution of Salmonella serotypes and epidemiology. Practices
to reduce Salmonella contamination on carcasses may therefore need to be individualized to suit
the situation of each plant.
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Abstract The objectives of this study were to determine the prevalence of Salmonella spp. in the
lairage of a pork abattoir on different days of the week and to investigate the effect of daily wash-
ing routines and disinfection procedures on contamination levels with Salmonella spp. In total,
359 swabs were collected from lairage pen floors at three time points during the course of two
slaughter days. All samples were analysed quantitatively. On day 1 (Monday), following cleaning
and disinfection, 6% of samples were positive for Salmonella spp. On day 2 (Thursday), lairage
pens were subjected to cold water washing in between batches of pigs; 44% of samples were
positive for Salmonella spp. The number of positive samples isolated increased significantly over
the course of the slaughter week (P <0.001). Quantitative analysis revealed that the numbers of
salmonellae rose from <0.46 organisms/100cm2 to levels of approximately 4 organisms/100cm2
over the course of the week. 

Introduction Studies have shown that the lairage environment in pork plants can be highly con-
taminated with Salmonella enterica (Rostagno et al., 2003), (Swanenburg et al., 2001a). In addi-
tion it has been demonstrated that pigs can become rapidly infected with S. Typhimurium, when
exposed to a contaminated environment (Hurd et al., 2001). Therefore the lairage may represent a
significant source of infection for incoming pigs. Little work has been reported on Salmonella spp.
contamination in Irish pork plants. There are currently no specific statutory guidelines or regula-
tions in place in the Republic of Ireland regarding reduction of Salmonella spp. contamination in
lairage facilities. A national serological monitoring programme of pigs at slaughter using an ELISA
test has been ongoing in Ireland since 1997 and was enacted into law in 2002. Results from this
monitoring system are used to assign salmonella status to herds. Herds are categorised accord-
ing to the number of positive pigs: category 1: <10% positive, category 2: 10 - 49% and category
3: >50% positive. Current legislation requires that pigs from Category 3 (high-risk) herds be
slaughtered separately from other pigs and in a manner that minimises the risk of cross contami-
nation. Abattoirs must therefore nominate a specific day or portion thereof for slaughter of
Category 3 herds. This measure was introduced as evidence has shown that when pigs testing
seronegative for salmonellae were slaughtered after seropositive pigs, the pork produced was
contaminated (Swanenburg et al., 2001b). The aim of this study was to investigate the prevalence
of Salmonella spp. in the lairage of a pork abattoir on different days of the week (including one
day where Category 3 herds were slaughtered) and to investigate the effect of daily washing rou-
tines and intensive disinfection procedures on environmental contamination levels with
Salmonella spp.

Materials and Methods 
Sample collection Samples from the floor of the lairage were collected using a sterile premoist-
ened swab with a sterile 10 x 10cm2 template as a guide. Samples (n=10) were taken from each
of the six most intensively used pens at 3 time points throughout the course of the slaughter day.
Samples were taken after the pigs had been moved out of the pen to the point of stunning. 
Microbiological Analysis All samples were quantitatively analysed by conventional culture meth-
ods based on BS EN 12824: 1998 (Anonymous, 1998) using a modified 3-tube MPN technique
(Dufrenne et al., 2001). Each swab was masssaged in 100ml of buffered peptone water (BPW)
and subsequently divided into 3 x 20ml, 3 x 2ml and 3 x 0.2ml aliquots. Following incubation at
37°C, 0.1ml from each aliquot was added to 10ml of Rappaport-Vassiliadis (RV) broth and incubat-
ed for 24h at 41.5°C. Isolates were obtained by streaking onto brilliant green (BG) and mannitol
lysine crystal violet brilliant green (MLCB) agar plates. The agar plates were incubated for 24
hours at 37°C and typical colonies were subcultured onto Mac Conkey agar and subsequently
screened biochemically on triple sugar iron agar slopes. Three representative isolates per sample
were confirmed serologically with polyvalent and single grouping somatic (O) and flagellar (H) anti-
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sera. After confirmation, the number of salmonellae present in each sample was calculated using
the MPN table of de Man (de Man, 1983).
Statistical Analysis Salmonella spp. prevalence was reported as the percentage of samples that
tested positive. Differences in prevalence between each time point and sampling days were 
compared using the chi square option of the frequency procedure of Minitab® Release 14
Statistical Software for Windows. All statistically significant differences were reported at the
P<0.05 level of error.

Results A summary of the Salmonella spp. isolation results for Days 1 and 2 are shown in Figure
1. Salmonella spp. were isolated from 11/179 (6%) samples taken on Day 1, following intensive
cleaning and disinfection. On Day 2, 78/180 (44%) samples taken were positive for Salmonella
spp. This increase in prevalence was statistically significant (P<0.001). 

On Day 1, the number of positive samples isolated increased as the day progressed. Conversely
on Day 2, the number of positive samples isolated at each time point decreased throughout the
course of the day However, these changes were not statistically significant on either day.

All samples were analysed quantitatively using a modified 3-tube MPN method. The average
MPN values/100cm2 of samples collected on Day 2 were approximately 4 times greater than
those detected on Day 1 at time-point 1. 

A total of 89 isolates, representing 5 serotypes were isolated. Results are shown in Table 1.
The most frequently isolated serotypes were S. Typhimurium and S. Manhattan. Other serotypes
detected included S. Derby, S. Bredeney and S. Livingstone. Phage type analysis of S.
Typhimurium isolates revealed that DT12 was the most common phage type recovered.

Discussion The objectives of this study were to determine the prevalence of Salmonella spp. in
lairage pens in a commercial abattoir as the week progressed. The effect of daily washing routines
and intensive cleaning and disinfection on the level of environmental contamination was also
investigated, in particular the effectiveness of procedures implemented to reduce contamination
in pens which held Category 3 pigs. These studies were conducted, as no published data are
available regarding the prevalence of this pathogen or the effect of current hygiene measures in
Irish lairage facilities. 

The level of contamination recorded at the start of the slaughter week (Day 1, Monday) was
relatively low with only 6% of samples testing positive for the organism. This low rate of contami-
nation was attributed to the intensive cleaning and disinfection measures, which were carried out
at the weekend prior to sampling. However, as the week progressed, the level of contamination
significantly increased. By sampling Day 2 (Thursday), 44% of samples analysed tested positive
for salmonellae. Therefore, daily washing routines consisting of high pressure hosing of pens with
potable water were not effective in controlling the prevalence of the pathogen. However, it is
important to note that the contamination levels may have been much greater in the absence of
high-pressure hosing. 

These findings have important implications for the Irish Salmonella Control Programme regard-
ing the slaughter of low-risk herds. Currently under Irish legislation, all Category 3 herds must be
slaughtered separately, however, animals of Category 1 and Category 2 status are not separated.
In practice, pigs from different suppliers are usually held in separate pens; therefore animals from
different farms are not mixed in lairage. However, as pens are continuously used throughout the
day we noted that pigs from Category 1 herds were held in pens that had been previously occu-
pied by pigs of Category 2 status. The results of this study indicate that on sampling Day 2, the
prevalence of Salmonella spp. in the lairage had increased significantly compared to the contami-
nation level reported for Day 1. Thus contamination levels rose over the course of the week
despite the fact that all of the herds slaughtered in the days prior to sampling on Day 2 were of
Category 1 and 2 status. These data presented here suggest that Category 1 herds could be
exposed to high levels of contamination when held in pens contaminated by Category 2 animals
or if slaughtered towards the end of the week, as cold water washing of the pens was not suc-
cessful in reducing or eliminating the pathogen. In order to reduce the risk of exposure to environ-
mental contamination for all herds, in particular those of Category 1 status, it is suggested that
different categories of pigs should be assigned to specific holding pens within the lairage facility.
This segregation would help to ensure that low risk herds are not exposed to new sources of
Salmonella spp. contamination at the abattoir. 



44
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

In the study abattoir the slaughter of Category 3 herds was confined to the last working day
(or portion thereof) of the week. No other animals were slaughtered after Category 3 herds until
the lairage and slaughterline were thoroughly cleaned and disinfected. Analysis of samples taken
on Day 1 after cleaning and disinfection showed that the level of contamination with Salmonella
spp. in the lairage was significantly reduced. This finding has important implications concerning
the hygiene practices in the lairages of Irish abattoirs and the logistics of separate slaughter of
Category 3 herds under the Irish Salmonella Control Programme. Based on the results presented
here it appears that if cleaning and disinfection is carried out at the weekend, pigs with the low-
est level of infection i.e. Category 1, should be slaughtered first, followed by Category 2 pigs and
finally herds with the highest rate of infection i.e. Category 3 pigs at the end of the week, imme-
diately prior to intensive cleaning and disinfection. This ensures that at the start of a new week,
the level of contamination is significantly reduced and incoming low-risk herds are held and
slaughtered in effectively cleaned and disinfected facilities. 

All samples were analysed using a modified 3-tube MPN method in order to obtain quantitative
data on the numbers of organisms present in the lairage. This type of quantitative data is time-con-
suming to acquire and infrequently published. It is useful in assessing levels of contamination pres-
ent and the possible risk of acquisition of infection by pigs exposed to such environments. In the
study described here all samples, which tested positive for Salmonella spp. on Day 1 following
cleaning and disinfection, contained on average 0.46 CFU/100cm2. On Day 2, where a greater
number of positive samples were isolated, an increase in the number of salmonellae isolated from
positive samples was also observed. The numbers of organisms isolated from positive samples
ranged from 0.2 to 55 CFU/100cm2 (Day 2). These findings indicate that the risk of contamination
increased as the week progressed and that the average contamination level was four times greater
than that observed at the start of the slaughter week. Despite the high number of positive sam-
ples, the level of environmental contamination present was low. Similar low levels of contamina-
tion were reported by Rajkowki et al. (1998), where the level of contamination present in pig trail-
ers before and after disinfection was examined using both qualitative and quantitative methodolo-
gies. It is unknown if the level of contamination reported in the study described here is sufficient to
produce infection in exposed pigs. Recent experimental data has shown that as few as 102
CFU/100cm2 was sufficient to infect naïve pigs exposed to a contaminated environment similar to
a commercial lairage situation (Boughton et al., 2005, this proceedings).

Conclusions From the results presented and discussed here it is evident that the lairage can be
highly contaminated with Salmonella spp. As experimental studies have shown that pigs can rap-
idly acquire infection following exposure to a contaminated environment, it is highly probable that
abattoir lairage facilities represent a significant source of infection for incoming pigs, particularly
those originating from low-risk herds. Therefore abattoir lairage pens may represent a potential
control point for the reduction and elimination of Salmonella spp. in the pork production chain.
Daily washing routines were not effective in reducing or eliminating Salmonella spp. However,
intensive cleaning and disinfection was found to be highly effective in reducing the prevalence of
Salmonella spp. contamination within the lairage pens. Therefore it is recommended that the cur-
rent practice of separate holding and slaughter of Category 3 herds be extended to all categories
of pigs under the National Salmonella Control Programme. In addition, the slaughter of all pigs
should be conducted in a manner that allows the slaughter of low-risk herds at the start of the
slaughter week, following weekend cleaning and disinfection. Improvements in day-to-day clean-
ing and disinfection measures may further reduce the potential for cross-contamination to occur.
Further work is necessary to definitively demonstrate that reduced levels of contamination in the
lairage pens can significantly reduce the number of infected pigs and consequently lead to fewer
contaminated carcasses at slaughter.
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Figure 1. The prevalence of Salmonella spp. in a total of 359 floor swab
samples (60 samples/timepoint) collected from the lairage of a large pork
export abattoir. Day 1: Monday, start of slaughter week, following inten-
sive cleaning and disinfection, Day 2: Thursday, end of slaughter week.

Table 1. Serotypes of Salmonella spp. isolated from
359 floor swab samples from the lairage of a large
pork export abattoir on two sampling occasions.

Serotype
Number (%) 
of isolates

Typhimurium 40 (42%)

Manhattan 31 (32%)

Bredeney 8 (8%)

Derby 6 (6.3%)

Livingstone 6 (6.3%)

Unknown 1 (1%)

Untypeable 3 (3.2%)
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TRANSMISSION OF SALMONELLA FROM SOWS TO
PIGLETS: A LONGITUDINAL STUDY

Nathalie Nollet*1,2, Kurt Houf1, Jeroen Dewulf2, Aart de Kruif2, Lieven De Zutter1,
Dominiek Maes2

1Department of Veterinary Public Health and Food Safety, 2Department of Reproduction, Obstetrics and Herd Health, Faculty
of Veterinary Medicine, Ghent University, Salisburylaan 133, B-9820 Merelbeke, Belgium

Abstract The study objective was to investigate the probability of transmission of Salmonella
from sows to their offspring. In each of 3 farrow-to-finish herds (A, B and C), one cohort of sows
(n=34, n=40, n=32, respectively), together with 3 piglets of their offspring (n=102, n=120, n=96,
respectively) were selected. Individual faecal and blood samples were taken from the sows dur-
ing late gestation and lactation, and from the piglets from weaning until slaughter. Blood samples
were analysed in an indirect mix-ELISA detecting Salmonella antibodies. Faecal samples were
submitted to a qualitative Salmonella isolation. Isolates were characterised using RAPD and
PFGE. The direct role of the sow in the transmission of Salmonella to her offspring was
expressed by means of risk ratios (RR).

Direct transmission from the sows to the piglets could not be demonstrated. The similarities
between the isolates found in the sows and those during the nursery and finishing period sug-
gest indirect transmission.

Introduction To prevent human salmonellosis due to the contamination of pork, intervention
measures are to be taken in the pork production chain, starting with the prevention of Salmonella
infection at the herd level (Berends et al., 1998; Swanenburg et al., 2001).

The most common route of infection is the oral-faecal route (Fedorka-Cray et al., 1994;
Schwartz et al., 1999) and pigs can get infected by contaminated feed, contact with infected pen-
mates or through a contaminated environment. As the majority of pig herds in Belgium are single
site herds in which all production stages (from the sow unit to the finishing pig unit) are located at
the same site, also sows might be an important source for (in)direct transmission of Salmonella
infection to other animals in the herd. Salmonella shedding in sows has been investigated in dif-
ferent longitudinal studies (Funk et al., 2001; Kranker et al., 2003; Nollet et al., 2005). Comparable
results were achieved in these studies, with a low (<10%) prevalence of Salmonella shedding dur-
ing late gestation, around farrowing and during lactation. In the study by Nollet et al. (2005), a sig-
nificant increase in the proportion of shedding sows was demonstrated after weaning, which can
be explained by the stress of weaning. Another reason may be that at weaning, sows are moved
to the mating room which is in most herds only rarely cleaned and thus is supposed to be
Salmonella contaminated.

The aim of the present study was to investigate the role of the sow in the direct and indirect
transmission of Salmonella to her offspring.

Materials and Methods Three unrelated farrow-to-finish herds were included in the study. In each
herd, one group of sows with the same expected farrowing date was selected. From every sow,
three piglets of their offspring were randomly selected. Thirty-four, 40 and 32 sows and 102, 120
and 96 piglets were selected in herd A, B and C, respectively. Herd data are described in detail in
Nollet et al. (2005).

The sampling scheme is shown in Table 1. Blood samples were taken by puncture of the jugu-
lar vein. Faecal samples were collected rectally and further processed individually.
The blood samples were centrifuged and the serum was analysed in an indirect mix-ELISA follow-
ing the recommendations of the manufacturer (HerdCheck Swine Salmonella Antibody Test Kit,
Idexx Laboratories, Inc., Maine, USA). Samples were considered positive if the OD% was equal
to or higher than 10%.

Salmonella was isolated from faecal samples using a qualitative isolation method with pre-
enrichment in buffered peptone water (BPW), enrichment on modified semisolid Rappaport-
Vassiliasis (MSRV) agar plates followed by selective enrichment on xylose lysine desoxycholate
(XLD) agar plates and biochemical confirmation. One colony of each Salmonella positive identified
sample was stored at -20°C until further examination.

The selected isolates were grown in Tryptone Soya Broth (TSB) (Oxoid, CM0129) at 37°C for
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24 h. Template DNA was extracted using the AquaPure Genomic DNA Kit (Bio-Rad 732-6340)
according to the manufacturer’s instructions. The isolates were genotyped by three consecutive
random amplified polymorphic DNA (RAPD) assays using the primers 23L, OPB17 and P1254.
Isolates from the same herd were analysed in the same PCR run to decrease fingerprint hetero-
geneity due to PCR-linked variations. DNA patterns that differed in one or more DNA fragments
were considered to represent different types. Whenever type differences relied on one band only,
a repeat analysis was performed (including a repeat DNA extraction) to confirm the reproducibility
of the fingerprint. At least two representatives of each RAPD type were further characterised by
pulsed field gel electrophoresis (PFGE) using Xba, Spe and Not I as restriction enzymes
(Invitrogen, Paisley, UK). RAPD and PFGE analyses were carried out as described in detail by
Nollet et al. (2005). From each RAPD type, at least two isolates were sent to the Belgian refer-
ence laboratory (Veterinary and Agrochemical Research Centre, Ukkel, Belgium) for serotyping fol-
lowing the Kaufmann-White scheme (Popoff and Le Minor, 1997).

The direct role of the sow in the transmission of Salmonella to her offspring was expressed by
means of risk ratios (RR). RR’s were calculated for a litter to be culture or serologically positive for
Salmonella given the respective sow had been Salmonella positive or serologically positive during
late gestation and/or lactation. A litter was defined as positive if at least one pig of the litter was
defined as positive. Exact 95% confidence intervals were calculated by means of multinomial
parametric bootstrapping (@risk 4.5).

Results Twenty-five, 36 and 22 sows in herds A, B and C, respectively were serologically positive
for Salmonella at 5 weeks before the expected farrowing date. During lactation, 32, 35 and 30
sows in herds A, B and C, respectively, were serologically positive for Salmonella. Thirty-three, 38
and 30 sows were serologically positive for Salmonella at least once during late gestation or lacta-
tion in herd A, B and C, respectively. Two sows in herd A and three sows in herds B and C were
found Salmonella positive during late gestation. During lactation, three, one and two sows were
Salmonella positive in herds A, B and C, respectively. Three, four and five sows were Salmonella
positive at least once during one of both periods in herds A, B and C.

The results from the faecal and the blood samples of the piglets in herd A, B and C are shown
in Figure 1a and 1b, respectively.

The RR’s for a litter to be Salmonella positive or serologically positive given the respective sow
was Salmonella positive or serologically positive during late gestation and lactation are shown in
Table 2. Piglets originating from sows seropositive during lactation had a significant lower risk to
be Salmonella positive during the nursery period. Piglets originating from Salmonella excreting
sows during late gestation or lactation did not have a significant higher risk for Salmonella excre-
tion during the nursery period.

In herd A, 3 serotypes were isolated from the sows: S. Derby (D1), S. Infantis (I1) and S.
Goldcoast (G1). D1 was also found during the finishing period. A genetically closely related strain,
D1’, differed in only one extra fragment of 1050 bp in the RAPD assay using primer 23L and was
recovered during the finishing period. Additionally, isolates recovered from the fattening pigs dur-
ing the nursery and the finishing period were serotyped as S. Typhimurium. These isolates could
be subdivided into 2 genotypes (T1 and T2). Other strains (T1’) were genetically closely related to
T1 but differed in only 1 reproducible fragment in the RAPD assay (primer 23L).

The three serotypes found in the nursery, the growing unit, and the finishing unit of herd B
were also isolated in the sows or in the sow unit (D2, G2, T3). Genotypes D2 and T3 were isolat-
ed from the nursery period onwards until the end of the finishing period. From the growing period
on, a new genotype of S. Derby (D3) could be isolated next to D2 in the growers and finishing
pigs but not in the sows.

In herd C, the isolates recovered from the sows’ faeces were serotyped as S. Derby (D4), S.
Typhimurium (T4) and S. Livingstone (L1).

Discussion Most intervention measures for reducing the prevalence of Salmonella in pig herds
are focusing on finishing pigs. However, as they can be shedder of Salmonella (Davies et al.,
1998; Nollet et al., 2005), sows might be an important source of infection of the finishing pigs
with Salmonella.

Direct transmission of Salmonella from sows to their offspring could not be demonstrated in
the present study. The low prevalence of Salmonella shedding in the piglets might however be
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underestimated because rectal swabs were taken
which are of lower sensitivity in comparison with
higher amounts of faeces (Funk et al., 2000).
Remarkable is that seropositive sows seemed to
protect their offspring, since those piglets were at
lower risk of shedding Salmonella during the nurs-
ery period. Salmonella infections in sows might
thus indirectly lead to protection of piglets, although
the protection by maternal antibodies is limited to
the nursery period.

Based on the characterisation of the isolates,
similarities were found between the isolates origi-
nating from the sows and those recovered from the
fattening pigs during the nursery, growing or finish-

ing period. Since direct transmission could not be demonstrated, the authors assume that indi-
rect transmission occurred via the farmer’s boots or clothes, utensils, visitors… Earlier research
(Nollet et al., 2005) demonstrated that sows can maintain Salmonella infections in pig herds and
might consequently be a source of infection for other pigs in the herd.

Conclusion Despite Salmonella infections in sows can lead to maternal protection of their off-
spring during the nursery period, sows seem to be an indirect source for Salmonella infection of
other pigs in the herd. Intervention measures on farrow-to-finish herds should not only focus on
the reduction of Salmonella in finishing pigs but also in sows.
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FIGURE 1a: The number of Salmonella culture 
positive pigs during a longitudinal study in 3 Belgian
farrow-to-finish herds. Three piglets from one cohort
of 34, 40 and 32 sows were serially sampled in 
herd A (n=102), B (n=120) and C (n=96), respectively.

FIGURE 1b: The number of Salmonella seropositive pigs
during a longitudinal study in 3 Belgian farrow-to-finish
herds. Three piglets from one cohort of 34, 40 and 32
sows were serially sampled in herd A (n=102), B
(n=120) and C (n=96), respectively.
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RR for a Salmonella
positive litter

RR for a Salmonella
seropositive litter

Salmonella positive sow during late gestation -1 0.90 (0.00-1.68)

Salmonella positive sow during lactation 1.18 (0.00-5.05) 1.21 (0.00-2.69)

Salmonella positive sow during late gestation or 
lactation

0.52 (0.00-1.90) 0.79 (0.22-1.53)

Salmonella seropositive sow during late gestation - 4.12 (0.85-7.79)

Salmonella seropositive sow during lactation 0.25 (0.09-0.93)2 1.30 (0.51-3.16)

Salmonella seropositive sow during late gestation 
or lactation

- -

Table 1: Sampling scheme for the sows and the fattening pigs. Three fattening pigs from each sow
of cohorts of 34, 40 and 32 sows were serially sampled in herd A (n=102), B (n=120) and C
(n=96), respectively in three Belgian farrow-to-finish pig herds.  F=faecal sample, B=blood sample

Time
before/after
farrowing

Sows Fattening Pigs

F B F B F B F B F B F B

Herd A Herd B Herd C Herd A Herd B Herd C

-37 days x x x x x x

-7 days x x x

-2 days x x x

4 days x x x

7 days x x x x x x

26 days x x x x x x x x x x x x

5 weeks x x x x x x

8 weeks x x x x x

9 weeks x

11 weeks x x x x

12 weeks x x x

14 weeks x x x x

16 weeks x x

17 weeks x

19 weeks x x

20 weeks x x x x

24 weeks x x x x

26 weeks x x

27 weeks x x x x x x

Table 2: Risk ratios (RR) for a litter to be Salmonella positive or serologically positive in the nursery (from 26 days of age until
11 weeks of age) given the respective sow was Salmonella positive or serologically positive. A litter was defined as positive if
one or more of the pigs of the respective litter were positive. 
1 RR could not be calculated because one of the cells in the 2x2 table was equal to zero
2 significant (P<0.05)
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DYNAMICS OF SUBCLINICAL SALMONELLA
INFECTIONS IN FARROW-TO-FINISH PIG HERDS

Nathalie Nollet*1,2, Kurt Houf1, Jeroen Dewulf2, Aart de Kruif2, Lieven De Zutter1,
Dominiek Maes2

1Department of Veterinary Public Health and Food Safety, 2Department of Reproduction, Obstetrics and Herd Health, Faculty
of Veterinary Medicine, Ghent University, Salisburylaan 133, B-9820 Merelbeke, Belgium

Abstract The aim of the present longitudinal study was to investigate patterns of Salmonella
shedding in finishing pigs. In each of 3 farrow-to-finish herds (A, B and C), one cohort of fattening
pigs (n=102, n=120 and n=96, respectively) was selected. Individual blood and faecal samples
were collected at different time points from the day before weaning until the day before slaugh-
ter. Blood samples were analysed in an indirect mix-ELISA to detect Salmonella antibodies. Faecal
samples were submitted to a qualitative Salmonella isolation. Isolates were further characterised
using RAPD and PFGE.

In herds A and B, Salmonella shedding began in the nursery. A significant increase in the num-
ber of Salmonella shedders was seen after transferring pigs to the growing unit in herd B
(P=0.003) and to the finishing unit in herd A (P<0.001) and B (P=0.013). None of the fattening pigs
in herd C were shedding Salmonella. This study reveals that transferring pigs is an important trig-
ger to induce Salmonella shedding, leading to horizontal spread.

Introduction Salmonella is a major foodborne pathogen causing yearly more than 10,000 human
illnesses in Belgium (NRSS, 2003). Besides contaminated eggs and poultry meat, contaminated
pork is a main cause of human infection. Intervention measures are needed throughout the pork
production chain, starting at the herd level. To succeed in reducing the Salmonella prevalence in
pig herds, knowledge about the dynamics of Salmonella infections is demanded.

Salmonella infections are known for their intermittently shedding patterns. After oral intake of
the pathogen, invasion of the intestinal epithelium may occur followed by phagocytosis by
macrophages. In these cells, the Salmonella spp. are able to survive and to multiply, resulting in
persistent infections (Schwartz, 1999). From these cells, Salmonella is shed continuously shortly
after infection, and at irregular intervals during the following months.

Stress seems to be an important trigger for shedding of Salmonella (Berends et al., 1996).
During their lifetime, pigs are susceptible to stress at different occasions; such as weaning, mov-
ing to another unit, change of feed… To be able to implement intervention strategies, time points
of higher risk of Salmonella shedding are needed to be elucidated.

The aim of the present study was to investigate the dynamics of Salmonella infections in subclini-
cally infected farrow-to-finish pig herds. In addition, the effect of pen-level clustering was analysed.

Materials and Methods Three sublcinically Salmonella infected farrow-to-finish pig herds were
included. The presence of Salmonella was detected during preliminary sampling and analysis. In
herd A, B and C, one cohort of 102, 120 and 96 piglets, respectively were randomly selected the
day before weaning.

The sampling scheme is shown in Table 1. Blood samples were taken by puncture of the jugu-
lar vein. Faecal samples were collected rectally and further processed individually. The blood sam-
ples were centrifuged and the serum was analysed in an indirect mix-ELISA following the recom-
mendations of the manufacturer (HerdCheck Swine Salmonella Antibody Test Kit, Idexx
Laboratories, Inc., Maine, USA). Samples were considered positive if the OD% was equal to or
higher than 10%. Salmonella was isolated from faecal samples using a qualitative isolation
method with pre-enrichment in buffered peptone water (BPW), enrichment on modified semisolid
Rappaport-Vassiliasis (MSRV) agar plates followed by selective enrichment on xylose lysine des-
oxycholate (XLD) agar plates and biochemical confirmation. One colony of each Salmonella posi-
tive identified sample was stored at -20°C until further examination.

The proportions of Salmonella positive pigs and the proportions of seropositive pigs sampled
at different time points were compared using Mc Nemar's test. The clustering effect was studied
by a generalised mixed model with binomial error distribution and logit link (SAS 8.0). In these
models, the number of animals infected during the study period in the group of animals at risk at
the start (not infected) was modelled as a function of the number of infected animals at the start
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in the unit incorporating the unit as random effect. Results are expressed in terms of the odds
ratio with the 95 % confidence interval, both for the nursing and the finishing period.

Results In herd A, piglets started excreting Salmonella spp. at the end of the nursery period (11
weeks of age) (Figure 1). After transport to the finishing unit, a significant increase (P<0.001) in
the number of Salmonella positive pigs was observed, followed by a significant decrease
(P=0.040). In herd B, the piglets shed Salmonella for the first time during the nursery period. The
number of positive piglets decreased towards the end of the nursery period (P<0.001), followed
by an increase after moving them to the growing unit (P=0.003). A significant increase in the
number of Salmonella positive pigs in herd B was also seen after transfer to the finishing unit
(P=0.013) (Figure 1). In both herds A and B, the number of positive pigs decreased towards the
end of the finishing period. All piglets in herd C were Salmonella negative at each sampling time
throughout the study period until slaughter.

At 4 weeks of age, 36, 22 and 21 piglets were serologically positive for Salmonella in herds A,
B and C, respectively (Figure 2). These numbers decreased from 4 to 5 weeks of age (P=0.04)
and from 5 to 8 (P<0.001) weeks of age (P=0.01) in herd A, from 4 to 5 and from 5 to 8 weeks of
age in herd B (P>0.05) and from 4 to 5 (P>0.05) and from 5 to 11 weeks of age (P=0.02) in herd
C (Figure 2). Significant increases in the proportion of Salmonella serologically positive pigs were
seen between 11 and 14 weeks of age in herd A (P<0.001), between 8 and 16 weeks (P<0.001)
and between 16 and 20 weeks of age (P=0.01) in herd B and between 20 and 24 weeks of age in
herd C (P<0.001) (Figure 2).

During the nursery period, piglets from pens with a larger number of Salmonella positive ani-
mals at the beginning of this period had a higher odds of being Salmonella positive during the
nursery period (OR (95% C.I.) of 1.29 (1.05-1.57)) (P=0.01). No significant effects were observed
during the finishing period, although the effect was in the same direction (OR (95% C.I.) = 1.14
(0.80-1.62)) (P>0.05).

Discussion Salmonella shedding could not be detected during the farrowing period but the
piglets started shedding Salmonella after weaning in herd B and at the end of the nursery period
in herd A. The Salmonella prevalences in nursing and nursery pigs might, however, be underesti-
mated because in those piglets rectal swabs were taken, which have a lower sensitivity com-
pared to faecal samples (Funk et al.,
2000). At weaning, piglets are stressed
due to a change in feed, the effect of
commingling, the deprivation of the
sow's milk, and consequently they are
more susceptible to infections (Kanitz et
al., 2002), including by Salmonella.
These stress factors seem to be an
important trigger for shedding of
Salmonella. Similar results were
obtained in other longitudinal studies
(Funk et al., 2001; Kranker et al., 2003).

Besides weaning, also transferring
pigs, in many cases associated with
commingling of the pigs, is known to be
associated with stress (Roth, 1999) and
to induce Salmonella shedding in infect-
ed animals. Animals are also more sus-
ceptible then to new Salmonella infec-
tions (Berends et al., 1996; Roth, 1999).
In the present study, an increase in the
number of Salmonella positive pigs was
observed one week after transferring the
pigs to another housing facility. The few
pigs that were positive before transfer
probably infected their penmates by hori-

Days/weeks
of age

F B F B F B

Herd A Herd B Herd C

26 days x x x x x x

5 weeks x x x x x x

8 weeks x x x x x

9 weeks x

11 weeks x x x x

12 weeks x x x

14 weeks x x x x

16 weeks x x

17 weeks x

19 weeks x x

20 weeks x x x x

24 weeks x x x x

26 weeks x x

27 weeks x x x x x x

TABLE 1: Sampling scheme for the fattening pigs. Three fatten-
ing pigs from each sow of cohorts of 34, 40 and 32 sows were
serially sampled in herd A (n=102), B (n=120) and C (n=96),
respectively in three Belgian farrow-to-finish pig herds.
F=faecal sample, B=blood sample
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zontal transmission.
No pen-level clustering could be demonstrated statistically. In a previous study (Nollet et al., 2004)
the clustering based on Salmonella isolation in the mesenteric lymph nodes taken at slaughter
could also not be demonstrated. This is in contradiction with other reports, that state that most
Salmonella excreting pigs are located in the same pens (Davies et al., 1997; Beloeil et al., 2003).
The different results might be due to the fact that in the present study, contact between pigs
from neighbourhood pens was possible in all 3 herds through slatted pen separations. Also indi-
rect transmission by the farmer's boots can not be excluded.

In contrast with the bacteriological results, where the number of Salmonella positive pigs
declined towards the end of the finishing period, the maximum number of seropositive pigs was
observed during the last 3 months of the finishing period. In the 3 herds, maternal antibodies
were detected until approximately 8-11 weeks of age. In a study by Proux et al. (2000), it was
demonstrated that maternal antibodies persist until 7 weeks of age. The difference between both
results can be due to the use of different serological tests in the 2 studies. The increase in the
number of seropositive pigs, as observed in herds A and B, was probably a reaction to the infec-
tion occurring after transfer of the pigs. Although no Salmonella shedding could be detected in
herd C, seroconversion occurred 3 months after transferring the piglets. One can assume that the
pigs were infected with Salmonella during the finishing period, but that excretion of Salmonella
remained undetectable.

Conclusion This study indicates that transferring pigs may be an important trigger for shedding
and spreading of Salmonella within farrow-to-finish pig herds. The Salmonella reducing effect of
intervention measures during transfer of pigs needs to be investigated in further research.
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FIGURE 1: The number of Salmonella positive pigs during a longitudinal study in 3 Belgian farrow-
to-finish herds. Three piglets from each sow of cohorts of 34, 40 and 32 sows were serially sam-
pled in herd A (n=102), B (n=120) and C (n=96), respectively.

FIGURE 2: The number of Salmonella seropositive pigs during a longitudinal study in 3 Belgian 
farrow-to-finish herds. Three piglets from each sow of cohorts of 34, 40 and 32 sows were serially
sampled in herd A (n=102), B (n=120) and C (n=96), respectively.
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A TRANSMISSION MODEL FOR SALMONELLA IN
GROWER-FINISHER PIGS
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Abstract This paper presents a model describing the dynamic transmission of Salmonella
Typhimurium between pigs on a typical, British pig grower-finisher farm. A modified Reed-Frost dis-
crete-time model was used to estimate the probability of infection for susceptible pigs. Once
infected, a pig passes through two stages: Excreting and Carrier/Immune, before becoming sus-
ceptible again. The epidemic curve derived from the model shows that the percentage of pigs
excreting STM in their faeces declines from approximately 15% initially and levels off at around 7-
8% by the age of slaughter. In contrast, the percentage of pigs that are carriers or completely
immune rises from 0% to 7-8% over the period of time that pigs remain on the farm. 

Introduction Salmonella spp. are the second most common bacterial cause of human intestinal
infectious disease in Great Britain (GB). The reported number of cases in 2002 was 15,576 (Health
Protection Agency 2004; Scottish Centre for Infection and Environmental Health 2005), of which
1,994 were identified as Salmonella Typhimurium (STM), although it is estimated that only 1 in 3
cases in the community are reported (FSA, 2000). The UK Food Standards Agency (FSA) have set
a target of achieving a 20% reduction in the incidence of foodborne illness by 2006 (Food
Standards Agency 2002).  

One possible source of human Salmonella infection is the consumption of pig meat and pig
meat products. In two recent GB abattoir surveys, approximately 23% of slaughter pigs were found
to have Salmonella in their caecal contents (Department for Environment Food and Rural Affairs,
2004) and the most commonly isolated pig serovar is STM (Veterinary Laboratories Agency 2004),
which is also the second most common isolated serovar in human salmonellosis.  Therefore, the
FSA target can in part be achieved by reducing the number of Salmonella cases attributable to pig
meat consumption. To reduce levels of Salmonella in pigs, the British Pig Executive (BPEx) have
introduced a Zoonoses Action Plan (ZAP) programme (British Pig Executive, 2004). This nationwide
surveillance scheme uses a meat-juice ELISA test to monitor the Salmonella status of pig farms that
send their produce through assured abattoirs. Those  farms on which 65% of more of samples are
positive must implement a dedicated on-farm Salmonella control package and the aim of the pro-
gramme is to reduce the burden of human salmonellosis.  

The proportion of UK Salmonella cases that are attributable to pork consumption and the
effect that an on-farm Salmonella control package would have on these cases are unknown.
Therefore, in order to inform the ZAP programme, a farm-to-consumption risk assessment was
developed to assess the risk of human salmonellosis from pig-meat products (Hill et al., 2003).
The farm-to-consumption pathway was split into six modules, of which the first is a Salmonella
transmission model for grower-finisher pig farms.  

This paper considers the farm transmission model, which is a further development of a deter-
ministic STM transmission model developed by (Ivanek et al., 2004) that considers an open-plan,
all-in-all-out herd. The model described here is stochastic and allows the model to consider the
grouping of pigs within the herd.

Materials and Methods
Model development and initial conditions of model The transmission model estimates the
prevalence of STM excretion and carriage for a batch of slaughter-age pigs sent to abattoir from
an exclusive grower-finisher farm operating a continuous system of production.   

In order to facilitate between-farm variability, a ‘most common’ approach to grower-finisher
production in Great Britain (GB) has been developed to reduce the complexity of the farm model.
We used expert opinion to devise the most common approach to pig farming in GB, which incor-
porates approximately 40% of GB pig herds.  This ‘typical’ farm has the following attributes:
inside production, exclusive grower-finisher farm; single house, continuous system of production,
and the use of pens in the house to segregate the pigs into smaller groups.
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For simplicity, the start point (time t = 0) is taken to be the introduction of a new batch of
weaners onto the farm. The farm is considered STM-positive if a) the pigs already on the farm are
STM-positive or b) the pigs (weaners) entering the farm are STM-positive. These parameters are
estimated using data from a national study of pig farms (Davies et al., 2002). STM-positive pigs
are assigned one of three STM statuses: Susceptible, Excretor (excretes STM in its faeces) and
Carrier/Immune (infected pigs that are not excreting STM, and pigs which have recovered and
have acquired immunity). The Carrier/Immune status is important when estimating the number of
susceptible pigs on a farm, and also when considering the burden of STM throughout the pig pro-
duction chain.

The output of the model is the prevalence of STM excretion and carriage/immunity over time
for the weaners brought onto the farm at t = 0 .  
Transmission model Faecal-oral transmission is thought to be the primary route for STM infec-
tion on grower-finisher farms (airborne transmission may also occur).  This route may transmit
infection both within and between pens.  Any newly infected pen can also contribute to the
spread of STM within the herd.  A schematic diagram of transmission between each infection sta-
tus for two groups of pigs is given in Figure 1.  

The transmission of STM on a grower-finisher herd using a continuous system of production was
modelled by modifying a stochastic, discrete-time Reed-Frost model as described by Bailey (1975).  

The timestep of a discrete Reed-Frost model should be equivalent to the incubation, or latent,
period (Bailey, 1975). Incubation periods for STM infection in pigs have been recorded from 24-48
hours (Iowa State University, 2003). For simplicity, the timestep was set as one day.

The probability of transition between Susceptible and Excretor status over one discrete
timestep, PI(t+1), can be given as:

Pw(t+1)=(1-(1-w)E
w

(t))

where Ew(t) is the number of excreting pigs within a pen at time t and w is the probability of an
“effective contact” between a susceptible pig and excreting pigs within the pen over the period
(t,t+1). An effective contact is defined as the infection of a susceptible pig given direct contact
between a susceptible and excreting pig. This equation is adopted for each of the infected pens.

Both the faecal-oral and airborne transmission routes may contribute to the infection of sus-
ceptible pigs by those excreting STM in the same pen. However, it is likely that the faecal-oral
route dominates transmission within a single pen due to the sheer number of organisms that may
be present in faeces compared to those that are airborne. Therefore, for within-pen transmission,
only one mode—contact with contaminated faeces—is considered.  

Equation 1 can be re-parameterised to estimate the probability of infection between pens.
Therefore, if a susceptible pig resides in Pen A, it has a probability of becoming infected with
STM from excreting pigs in an adjacent pen (Pen B) as follows:

PB(t+1)=(1-(1-b)E
B
(t))

where EB(t) is the number of excretors within Pen B at time t, and b is the probability of an effec-
tive contact between the susceptible pig in Pen A and excretors within Pen B at time t. For sim-
plicity, it is assumed that b is directly proportional to the number of excretors within pen B at time
t. Similar equations can be constructed for STM transmission between pens on the same side of
the house (but not adjacent to each other) and on the other side of the house. In these cases, b
is simply replaced by other transmission probabilities, r and s respectively. Due to a lack of data,
the latter two parameters were linked to b, where expert opinion was used to state that r is equal
to b/3 and s equal to b/100. The mode of b and r was assumed to be contact with faeces, where
s was assumed to be because of airborne transmission.

In the model each susceptible pig on the farm is considered in turn, where the effect of any
pen containing Excretors on the infection status of the susceptible pig is estimated. Infection sta-
tus is randomly assigned according to the transition probabilities.  

After each susceptible pig has been updated according to the method above, those pigs clas-
sified as Excretor or Carrier/Immune are updated. The removal of infected animals from a popula-
tion in a stochastic model can be represented as a random Poisson process (Bailey, 1975). Thus,



the period a pig excretes STM can be shown to follow the form of a negative exponential model.
Therefore, the probability of transition between Excretor and Carrier/Immune status, Pc(t+1), can
be given by Equation 3.

Pc(t+1)=1-e-gt
e

where g is the rate at which pigs recover from excreting STM to being carriers of the organism,
with units of days-1 and te is the number of days the pig has been excreting STM. Therefore, g
can be estimated as (1/length of Excretor status). The probability of transition between
Carrier/Immune and Susceptible status also can be estimated using equation 3, but using w
(defined as the rate at which Carrier/Immune pigs regain their susceptibility, with units of days-1)
instead of g and tC (time spent within the Carrier/Immune status) instead of te.

The number of susceptible, excreting and carrier pigs at the end of each timestep (day) is 
calculated once the infection status of all pigs has been determined.  The model output is the
prevalence of STM excretion and prevalence of STM carriage. The epidemic curve over time is
then generated.  
Parameter Estimation A number of parameter estimates used in this model are estimated in
Ivanek et al. (2004). The herd size, N, and the number of pigs within a pen, n, are estimated from
expert opinion. The length of the grower-finisher stage, T, is estimated from data collected by the
UK Meat and Livestock Commission (Meat & Livestock Commission, 2003). All parameters
describing the herd and within-herd prevalence of pig farms (both weaner and grower-finisher)
have been based upon the same GB observational study (VLA, 2000). Data from a Danish study
(Stark et al., 2002), which estimates the ratio of shedding to carrier pigs within a Danish finisher
farm, is used to estimate the prevalence of within-herd STM carriage, assuming that this Danish
study is also applicable to GB finisher farms.   

The probability of infection being transmitted from an excreting pig to a susceptible pig during
a period of 24 hours if the pigs are in the same pen or in adjacent pens, w and b respectively, are
unknown parameters. Maximum likelihood estimates for w and b were estimated simultaneously
from the simulation model and data obtained for relevant farms from the British ZAP Salmonella
programme. To account for using a serological test in the model rather than a bacteriological one
it was assumed that once a pig has become infected with STM it remains seropositive, and
hence will be identified as such in the ZAP programme (assuming sensitivity and specificity of
100%). The estimation of g and w has been described previously in Ivanek et al.

Results The average epi-
demic curve of STM infec-
tion, for the time period of
pigs entering and leaving a
grower-finisher farm,
described by the model is
given in Figure 2. The mean
prevalence of STM-excret-
ing pigs within the followed
batch decreases from
approximately 15%, when
the pigs are weaners, to 6-
7%, dependent on the age
of slaughter (84 to 116
days). It can be seen that
as t increases, the mean
prevalence of infecteds
reaches a steady-state
phase. As the weaners
grow, the mean prevalence
of carrier/immunes increas-
es over time from 0 to 7-

8%.  Variability of the model output has
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Figure 1:  Structure of the transmission model used to analyse
the within and between-pen transmission of Salmonella.
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also been estimated: the prevalence of excretion within the batch followed at slaughter age may
vary between 0 and 28%, and prevalence of carriage 0 and 23% (5th and 95th percentiles
respectively).

Discussion The objective of this work was to describe the change in the prevalence of STM infec-
tion (excreting and carrier pigs) on a farm over time. The model predicted that the average preva-
lence of carrier/immunes at slaughter will be higher than that of infecteds, but only marginally.
Current thinking suggests that the prevalence of carrier pigs should be higher than the prevalence
of excreting pigs at the time of slaughter (Stark et al, 2002). This model confirms this statement.
It also raises an important point from a human health perspective. Due to stress during transport,
these carrier pigs are likely to begin re-shedding of STM in their faeces; leading ultimately to an
extra burden in the number of infected pigs entering the slaughterhouse.  

The model is sensitive to the transition probability parameters, i.e. probability of transfer
between susceptible and excretor or excretor and carrier status. The data and methods used to
estimate these parameters are uncertain, and further research is required to determine the true
values of these parameters.

Conclusions A stochastic, discrete-time transmission model has been developed to describe the
epidemic curve for the dynamics of STM transmission between pigs on a typical GB grower-fin-
isher farm. On average, STM excretion decreases during the initial period after pigs enter the
farm, and then a state of equilibrium is reached, with as many pigs becoming infected and excret-
ing STM as those recovering to a carrier/immune state.  There is further research required to esti-
mate crucial parameters. 
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Abstract In observational studies of growing pigs in North Carolina, we cultured paired samples
of mesenteric lymph nodes (MLN) and cecal contents for Salmonella using standard methods for
selective enrichment and plating. Apparent Salmonella prevalence was higher among cecal
(39.2%) than MLN (20.5%) samples from the same animals. Salmonella Typhimurium var.
Copenhagen (STC) and S. Derby comprised 84% of all isolates at slaughter.  For these two
serovars we found an association between serovar and sample type. The odds of isolating STC
from MLN rather than cecum were 5.7 (95%CI 3.0 to 10.7) times higher than the odds for S.
Derby. The odds for isolating STC from MLN versus cecum were 58 times higher for groups
where STC had been isolated from the pigs on farm than for groups where it was had not been
detected on farm. These findings suggest biological differences among common group B
Salmonella serovars in the pig.

Introduction The conventional view of medical microbiologists, that all Salmonella serovars are
pathogenic, implies that all merit equal consideration in control programs. This view is supported
in part by the frequent emergence of previously unfamiliar serovars in outbreaks of human salmo-
nellosis (Cherubin, 1981). Beyond the few host-adapted serovars that show little or no propensity
for cross-species infection (S. Typhi; S. Gallinarum/Pullorum; S. Choleraesuis; etc.), there is mini-
mal information available with respect to epidemiological heterogeneity among Salmonella
serovars. However, over many decades it has been clear that relatively few Salmonella serovars
are implicated in the vast majority of cases of human and animal salmonellosis.  The underlying
reasons for this have not been critically considered, but biological and epidemiological differences
among serovars are one obvious possibility. 

In field studies Salmonella in North Carolina, we examined the distributions of serovars isolat-
ed in paired samples of mesenteric lymph node (MLN) and cecal contents of individual slaugh-
tered pigs from 4 farms. Of primary interest was the question of whether the choice of sampling
site would influence conclusions regarding the profile of serovars present in a swine population.
However, at a mechanistic level, discordant results for these tissues might also provide some
insight into the interactions of various serovars with the host.

Materials and Methods The experimental design and methods employed for this study have
been described in detail elsewhere (Gebreyes et al., 2004). Longitudinal sampling of individually
identified growing pigs was conducted on 2 cohorts of 60 pigs from each of 4 farms. The final
fecal samples on farms were collected within 24 hours of slaughter. Following slaughter, paired
samples of mesenteric lymph nodes (10g) and cecal contents (10 g) were cultured using standard
methods of selective enrichment and plating. The total number of paired samples collected at
slaughter was 405. Colonies with morphology typical of Salmonella were screened biochemically
then sent for serotyping to the National Veterinary Services Laboratory in Ames, Iowa.
Comparison of farm and slaughter results was reported in detail by Gebreyes et al (2004). This
report compares results obtained from paired samples of cecal contents and MLN from individual
pigs that were not detailed in that study. Serovars isolated from the slaughtered animals were
described as concordant if the same serovar had been isolated from that group of pigs at slaugh-
ter, or discordant if the serovar had not been isolated at the farm. 

Results The prevalence of positive cultures was significantly higher for samples collected after
slaughter (29.8%) than for fecal samples on farms (8.9%). Prevalence was higher among 405
cecal samples (39.2%) than 405 MLN samples from the same animals (20.5%). Although multiple
serovars were isolated both on farms and at slaughter, S. Typhimurium var. Copenhagen (STC) and
S. Derby comprised 64% of all isolates. For all groups, the number of serovars isolated from cecal
samples (1 to 7; median 5) was greater (P = 0.03; Wilcoxon rank sum test) than for MLN samples
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(range 0 to 4; median 2.5). Overall, 84% of MLN isolates (n = 130) were concordant with serovars
on the farm, while only 41% of cecal isolates were concordant (OR 7.4; 95% CI 4.2 to 12.8). 

For the 2 predominant serovars we found a statistically significant association between serovar
and sample type (MLN node vs. cecum). Of 84 isolates of S. Derby obtained at slaughter from 6
cohorts, 66 (78.6%) were from cecal samples. In contrast, of 119 isolates of STC among 6 cohorts,
45 (37.8%) were from cecal samples, and a similar distribution was seen among 18 isolates on S.
Typhimurium in one cohort (44% from cecal samples). Across all other serovars (n = 93), the pro-
portion of isolates obtained from cecal samples (69.9%) was similar to that for S. Derby. The odds
of isolating STC from MLN rather than cecum was 5.7 times higher (95%CI 3.0 to 10.7) than the
odds for S. Derby. Considering only those cohorts in which S. Derby or STC had been previously
isolated from pigs on farm, there were 87 instances in which the corresponding serovar was isolat-
ed from MLN compared with 60 isolations from cecal samples. In contrast, when these serovars
had not been isolated from a group on the farm, only 6 MLN isolates were obtained compared to
51 cecal isolates. However, these ratios differed greatly when stratified by serovar.

In all 6 cohorts where S. Derby was isolated at slaughter, the numbers of cecal S. Derby iso-
lates exceeded (total 66) the number of MLN isolates (18). In contrast, for STC there was no such
consistent pattern. While the ratio of MLN to cecal isolates overall was of the order of 2:1 for
STC, across 3 of the 6 cohorts the number of cecal isolates (total 20) exceeded lymph node iso-
lates of STC (1 only). In these 3 cohorts, STC had not been isolated from pigs at the farm while
for the remaining 3 cohorts in which MLN isolates exceeded cecal isolates, STC had been isolat-
ed from the pigs on farm. The odds for isolating STC from MLN versus cecum was 58 (95% CI:
7.4 to 457) times higher for the 3 groups where STC was found on farm than for groups were it
was not detected on farm. The corresponding odds ratio (3.1) for S. Derby was not statistically
significant (0.92 to 10.4). 

Discussion These data were gathered in an observational study designed for other purposes
(Gebreyes et al., 2004). Consequently interpretation of the data has to be cautious due to the
possibilities of confounding or bias. The key outcome of the difference in prevalence and serovar
profile between farm and slaughter and the likely role of infection during transport and lairage was
discussed in detail by Gebreyes et al (2004). Regarding the results of the paired MLN and cecal
samples presented here, the differences in prevalence are of less interest than the qualitative dif-
ferences (distribution of serovars). The prevalence results are likely to be highly subject to
methodological factors including sample weights (Funk et al., 2000). However, the observation
that these two sources yielded markedly different serovar profiles implies that choice of samples
may substantially influence the serovar profile observed in a study. Only 1 isolate per sample was
serotyped, and the possibility that multiple serovars were present in samples must be acknowl-
edged. However, this would be unlikely to explain the distribution of the results unless bias in
colony selection was different for cecal and MLN samples. It is prudent to acknowledge that all
studies of prevalence and serotypes of Salmonella are likely biased with respect to both sampling
and bacteriologic methods (Rostagno et al., 2005). Although identical microbiological procedures
were followed for both groups of samples, the sensitivity and selectivity of the enrichment proce-
dures could vary between MLN and cecal samples which obviously present very different micro-
biological milieus.

At first glance, our data indicate that results from culture of MLN were more concordant with
farm results than for were those from cecal samples.  It could be inferred that MLN samples yield
a better assessment of on-farm exposures than do cecal samples. However, it must be remem-
bered that 65% of MLN samples were STC or S. Typhimurium and that potential differences in
serovar biology may have confounding effects. The apparently higher concordance of MLN sam-
ples could arise from several scenarios. Assuming a high risk of exposure in lairage, the rate of
colonization of the cecum my exceed that of the MLN. Recent experimental studies confirm that
multiple serovars of Salmonella can colonize both alimentary and non-alimentary tissues (includ-
ing MLN) within 3 hours of intranasal inoculation (Loynachan et al., 2004). However, the high chal-
lenge doses used and low numbers used in these experimental studies may not permit detection
of variations among serovars that may occur with recent exposure. Another experimental study
found differences among Salmonella serovars with respect to their rates of transmission among
pigs (van Winsen et al., 2001). Our data strongly suggest that the propensity of STC to translocate
to MLN was substantially greater than for S. Derby and other serovars isolated in this study.
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Higher concordance of MLN with on-farm results would also be predicted if STC was also more
likely to be detected on farm (i.e. higher rates of transmission or longer duration of shedding).
Conversely, if isolates predominating in lairage had low propensity to translocate to MLN, this
would also lead to the pattern we observed. In this study, we speculate that the relative affinity of
STC for MLN compared to S. Derby may reflect differential risks of translocation to, or persist-
ence in MLN, consistent with greater invasiveness and pathogenic potential in the pig.

While the list of Salmonella serovars isolated from pigs is extensive, S. Derby and S.
Typhimurium have been consistently among the most prevalent serovars worldwide over many
decades (Davies et al., 2004a, b; Rajic et al 2005). However, while S. Typhimurium is similarly
common among other food animal and human isolates, Salmonella Derby is generally an uncom-
mon serovar among isolates from species other than swine (Sarwari et al., 2003). Nonetheless,
its potential to cause human disease is well established. S. Derby was responsible for one of the
largest outbreaks of human salmonellosis in the USA (Cherubin, 1981), and over many years has
remained a common serovar in human salmonellosis in Hong Kong (Ling et al., 2001). 

Conclusions Sampling procedures as well and microbiological methods can substantially influ-
ence serovar patterns observed in field studies of Salmonella. Differences observed in the distri-
bution of serovars in paired samples of MLN and cecal contents most likely reflect biological
diversity among serovars in their propensity to translocate to the MLN of pigs. Assuming that
such diversity may also be associated with infectivity and duration of infection in pigs, the pre-
dominant serovars on farms are likely confound results of studies comparing on-farm and post-
slaughter prevalence of Salmonella.
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Abstract The objective of these studies was to determine if pigs could acquire infection when
exposed to different levels of environmental contamination with Salmonella Typhimurium. In experi-
ment 1, pigs were euthanised after 2, 3 and 24 hours of exposure to a highly contaminated envi-
ronment (105 organisms/100cm2). Tonsils, caecal contents, ileocaecal junction, lung, liver, spleen
and ileocaecal lymph nodes were evaluated. Salmonellae were detected in at least one sample
from each pig after exposure for 2 or more hours. Salmonellae were recovered most frequently
from tonsils (100% positive), segments of the ileocaecal junction (94.4% positive) and caecal con-
tents (89% positive). In experiment 2, pigs were exposed to a less contaminated environment (102
organisms/100cm2) for time periods of 1, 3, 6 and 24 hours. Tonsils, caecal contents and mesen-
teric lymph nodes were collected for Salmonella spp. isolation and examined. Salmonellae were
not detected in any samples from pigs euthanised after exposure for 1 hour. Salmonella spp. were
recovered from the caecal contents of all pigs after exposure for 3, 6 and 24 hours. 

Introduction It is recommended that pigs be rested for a minimum of 2 hours prior to slaughter,
to recover from the stress of transport and to improve meat quality. However, recent research has
shown that pigs reared in an environment free of Salmonella spp. or on farms with low levels of
infection may acquire infection during transport to the abattoir or while held in lairage (Hurd et al.,
2001a), (Hurd et al., 2002), (Morgan et al., 1987). In the lairage up to 90% of environmental sam-
ples collected may test positive for Salmonella spp., indicating that the lairage may be an impor-
tant potential source of infection for incoming animals (Swanenburg et al., 2001). Experimental
infection with Salmonella spp. may be carried out by inoculation per os, intranasal instillation or
intraperitoneal injection. However, in order to simulate a natural mode of transmission in the stud-
ies described here, animals experimentally infected by intranasal instillation were used to seed
the environment with salmonellae. The use of infected animals, which were shedding salmonel-
lae, also ensured that challenged pigs were exposed to Salmonella spp., which had been pas-
saged in vivo. Recent data obtained using a simulated lairage model have shown that pigs can
become rapidly infected with Salmonella spp. when exposed to an environment contaminated
with these organisms (Hurd et al., 2001b). In contrast with these findings, in Denmark Boes et al.
(2001) found relatively low levels of cross contamination among pigs from Salmonella spp. nega-
tive herds held in lairage for two to four hours in pens contaminated with infected faeces. It
appears that the level of environmental contamination present in the lairage and the length of
time for which pigs may be exposed to this contamination are important factors in determining
the level of cross contamination which can occur in pigs prior to slaughter. The primary objective
of this study was to determine if short-term exposure to an environment contaminated with
Salmonella spp. such as occurs in the lairage is sufficient to produce infection in pigs. Therefore in
order to ascertain the minimum exposure time necessary to produce infection, pigs were
exposed for one, two, three, six or twenty-four hour periods. The effect of two different levels of
contamination was also investigated.

Materials and Methods
Animals These studies were conducted in isolated sheds with solid concrete floors, measuring
approximately 4m X 4m, at the Department of Agriculture and Food Laboratory Complex in
Abbotstown, Dublin using 31 weaned piglets sourced from a commercial supplier (Hermitage AI,
Kilkenny) of Category 1 Salmonella spp. status. Approximately 1 week prior to each trial faecal
and blood samples were collected from each pig to ensure that all pigs were negative for infec-
tion with Salmonella spp.  
Challenge Strain A nalidixic acid resistant S. Typhimurium (PT12) was used as the challenge
strain throughout the study. A swab from a pure stock culture held at -70°C was used to inoculate
10ml of buffered peptone water (BPW), which was then incubated for 16-18 hours at 37°C. A 1%
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inoculum was then transferred into 30ml of fresh BPW and grown in an orbital shaker for 3.5
hours at 37°C until it reached an optical density of 0.8 at 600nm (OD600) i.e. mid-exponential
growth phase. The culture was centrifuged (4000rpm for 15mins), supernatant was removed and
the pellet was resuspended in 15ml of phosphate-buffered saline (PBS). The concentration of
organisms in the inoculum was estimated by the spread plate method on nutrient agar (NA). In
Trial 1, the final concentration of the inoculum was approximately 108 CFU/ml, while in Trial 2 the
final concentration was approximately 109 CFU/ml. 
Experimental Design Trial 1: Pigs in Trial 1 were randomly allocated to 1 of 5 categories: shed-
ders (n=2), exposure for 2 hours (n=6), exposure for 3 hours (n=6), exposure for 24 hours (n=6)
and negative control (n=1). Approximately 1 week prior to the start of the trial, 2 pigs were chal-
lenged intranasally with 5ml of S. Typhimurium cells (~108 CFU/ml). These pigs were housed sep-
arately from the rest of the trial pigs and faeces were allowed to accumulate. On the day of the
exposure trial, the infected shedder pigs were removed from the trial pen and euthanised. The
remainder of the trial group (n=18) were moved into the trial pen. These pigs were euthanised 2,
3 and 24 hours later. The negative control pig was housed in a separate shed throughout and
euthanised 24 hours after the exposure trial started. Tissue samples from each pig were collected
aseptically using sterile instruments, gloves and sample containers. 

Trial 2: As in Trial 1, pigs were randomly allocated to specific categories: shedders (n=2), expo-
sure for 1 hour (n=3), exposure for 3 hours (n=2), exposure for 6 hours (n=2), exposure for 24
hours (n=2) and negative control (n=1). Two pigs were inoculated and allowed to shed for approxi-
mately 3 weeks. Faecal material was monitored quantitatively until an environmental load similar
to commercial lairage conditions was achieved. 

On the day of the exposure trial, the infected pigs were removed from the trial pen and
euthanised. The remainder of the trial was performed as described for Trial 1 with the exception
that animals were euthanised after 1, 3, 6 and 24 hours of exposure. 

In both trials, floor swabs were collected using a sterile premoistened swab with a sterile
100cm2 template as a guide. These samples were analysed quantitatively in order to estimate the
bacterial load present on the pen floor.
Microbiological Analysis Samples were analysed by conventional culture methods based on BS
EN 12824: 1998 (Anonymous, 1998). All tissue specimens were inoculated into BPW in a ratio of
approximately 1:9 w/v. Samples subjected to qualitative analysis were incubated for 18-24 hours
at 37°C. Following incubation, 0.1ml from each pre-enrichment homogenate was added to 10ml of
Rappaport-Vassiliadis (RV) broth and incubated for 24h at 41.5°C. A portion of the RV broth was
then streaked onto brilliant green plates containing nalidixic acid (25Ìg/ml). Plates were incubated
for 18h – 24h at 37°C. Following incubation, suspect colonies were subcultured onto Mac Conkey
(MAC) agar and subsequently screened biochemically on triple sugar iron agar slopes (TSI).
Caecal contents (Trials 1 & 2), ICJ (Trial 1), ICLN (Trial 1), tonsils (Trial 2) and MLN (Trial 2) were
examined quantitatively using a modified 3-tube MPN method (REF). Following homogenisation in
BPW each sample was divided into 3 x 10ml, 3 x 1ml and 3 x 0.1ml aliquots (tonsils, MLN and
ICLN) or 3 x 20ml, 3 x 2ml and 3 x 0.2ml aliquots (caecal contents, ICJ). Enrichment and selective
plating were performed as described. Following biochemical and serological confirmation, the
number of salmonellae present in each sample was calculated using the MPN table of de Man
(de Man, 1983). 
Statistical Analysis The prevalence of Salmonella spp. in infected pigs was reported as the num-
ber of tissue samples which tested positive. Differences in prevalence between each time point
were compared using the chi square option of the frequency procedure of Minitab Release 14
Statistical Software for Windows. All statistically significant differences were reported at the
P<0.05 level of error.

Results Trial 1: The challenge strain was not detected from any pig before exposure or from any
sample taken from the negative-control pig. The bacterial load present in the trial pen was esti-
mated at 5.4 log 10 CFU/100cm2.

The frequencies of recovery of S. Typhimurium from tissue samples are presented in Table 1.
Salmonellae were detected in at least one sample from each pig after exposure for 2 or more
hours. Salmonella spp. were not detected in any spleen samples and only in the lung and liver of
one animal following 24 hours of exposure. 

Overall the tissue samples from which S. Typhimurium was recovered most frequently were
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the tonsils (100%), ICJ (94%), ileocaecal lymph nodes (89%) and the caecal contents (89%). A
large proportion of lung (5/6), liver (5/6) and spleen (6/6) samples were infected after 2 hours of
exposure. However, the number of infected lung, liver and spleen samples decreased significantly
(p = <0.001) after 24 hours of exposure, with only one lung sample and one liver sample testing
positive for Salmonella spp. In contrast the number of infected gut-associated tissues (lymph
nodes, caecal contents, ICJ and the tonsils) did not alter significantly within the same time period. 

All samples of caecal contents, ICJ and ICLN were analysed quantitatively. The numbers of
organisms in lymph node and caecal contents tended to increase over the course of time.
However, the ICJ was consistently infected at high levels throughout the course of the experiment.  

Trial 2: Salmonella spp. were not recovered from any sample from the negative-control pig.
The bacterial load present in the trial pen on the morning of the exposure trial was confirmed at ~
2.65 log10 CFU/100cm2. 

Results of samples for all challenge-exposed pigs are shown in Table 2. The challenge strain
was not detected in any samples from 3 pigs euthanised after exposure for 1 hour. Salmonellae
were detected only in the caecal contents of 2 pigs that had been exposed for 3 hours, and from
2 pigs, which had been exposed for 6 hours. The organism was cultured from the tonsils from
one pig that had been exposed for 6 hours.  

S. Typhimurium was isolated from both pigs euthanised after exposure for 24 hours. Caecal
contents showed positive results for both pigs, however salmonellae were not isolated from the
mesenteric lymph nodes or from the tonsils. 

Quantitative analysis of positive samples showed that the number of organisms isolated from
caecal contents from 2 pigs euthanised after 3 hours of exposure was approximately 1.7 log10
CFU/g per pig. After 6 hours of exposure, >1.7 log 10 CFU/g were present in the caecum of one
animal and –0.3 log10 CFU/g in the other. The number of organisms isolated from the positive
tonsil sample was 0.9 log10 CFU/g. No increase in the number of salmonellae isolated from pigs
that had been exposed for 24 hours was observed. 

Discussion The tissue distribution of S. Typhimurium in pigs following experimental infection has
been previously described (Wood et al., 1989), (Wood and Rose, 1992). Quantitative data on num-
bers of organisms in the most commonly infected organs in long-term carrier pigs has been pub-
lished (Wood and Rose, 1992). Limited data is currently available concerning quantitative analysis
on the numbers of S. Typhimurium that may be found in internal organs of acutely infected pigs fol-
lowing short-term exposure to Salmonella spp. (Fedorka-Cray et al., 1994). The results generated
from this type of data may be important in implementing control measures following short-term
exposure to a contaminated environment, as occurs during transport and lairage.  In Trial 1 the find-
ing of high numbers of Salmonella spp. in the tissues of all pigs examined after 2 hours was sur-
prising. Previous workers using a similar environmental challenge dose to that described for Trial 1
have successfully isolated Salmonella spp. (within 24 hours) from internal organs by qualitative
methods but have had difficulty quantifying the actual bacterial load present (Fedorka-Cray et al.,
1994). In Trial 1, 24-hour samples tended to be more highly contaminated than those taken at 2 or
3-hour intervals as no end points were achieved for these samples. However in Trial 2, this trend
was reversed as the numbers of
organisms in positive samples
decreased with time, with the high-
est contamination levels occurring
within 3 hours. The reasons for this
are not clear but it is possible that
the lower exposure dose used in
Trial 2 was sufficient to initiate but
not sustain infection levels. 

The results of these studies
show that pigs exposed to a con-
taminated environment can become
infected after 2 hours.  In Trial 1, all
pigs exposed had at least five posi-
tive samples within 2 hours of expo-
sure. This result is consistent with

Hours of Exposure

Specimens examined* 2 3 24 Total % pos

Lung 5/6 5/6 1/6 11/18 61

Liver 5/6 6/6 1/6 12/18 67

Spleen 6/6 4/6 0/6 10/18 56

Ileocaecal lymph nodes 5/6 5/6 6/6 16/18 89

Caecal contents 5/6 5/6 6/6 16/18 89

Ileocaecal junction 6/6 5/6 6/6 17/18 94

Palatine tonsils 6/6 6/6 6/6 18/18 100

TABLE 1. Number of tissue specimens positive for Salmonella
Typhimurium from groups of 6 pigs euthanised following 2 to 24 hours of
exposure to a contaminated environment. *Samples are listed in the
order in which they were collected from the pig. Sterile technique was
maintained throughout in order to avoid cross-contamination of samples.



previous work, which also demon-
strated that a 2-hour exposure
period was sufficient to produce
infection in pigs (Hurd et al.,
2001b). The environmental bacter-
ial dose used in this trial was esti-
mated to be approximately 105
organisms/100cm2. Although this may be
higher than the actual load that occurs in
commercial lairages, other workers have
failed to detect a clear relationship between bacterial load in the slurry and acquisition of infection
in pigs (Hurd et al., 2001b). In Trial 2, where the environmental bacterial load was reduced to
approximately 102 organisms/100cm2, Salmonella spp. were not detected in any sample from
pigs exposed for just one hour. Previous studies by Hurd et al. (2001) (Hurd et al., 2001c) reported
the detection of positive samples within 30 minutes of exposure. However, in these studies the
environmental challenge dose was estimated at 105 organisms/g, suggesting that a high level of
bacterial contamination coupled with a short exposure time is sufficient to produce infection.

Conclusion The results reported here demonstrate the rapidity with which S. Typhimurium infec-
tion can occur in pigs exposed to a contaminated environment. These studies illustrate that expo-
sure to an environment highly contaminated with S. Typhimurium can produce infection in pigs
within 2 hours, while exposure to a less contaminated environment can produce infection within
3 hours. These findings may be useful in informing changes to improve control measures for
Salmonella spp. on farm and during transport and lairage of slaughter pigs. Further research is
needed to determine the minimum environmental load necessary to produce infection and to
investigate other factors affecting possible transmission during transport and lairage.
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Hours of Exposure

Specimens examined 1 3 6 24 Total %pos

Mesenteric lymph nodes 0/3 0/2 0/2 0/2 0/9 0

Caecal contents 0/3 2/2 2/2 2/2 6/9 67

Palatine tonsils 0/3 0/2 1/2 0/2 1/9 11
TABLE 2. Number of tissue specimens positive for Salmonella
Typhimurium from groups of pigs euthanised following 1 to 24
hours of exposure to a contaminated environment.
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Abstract Prolonged faecal shedding of Salmonella in pigs contributes to contamination of 
carcasses. The shdA gene has been characterized as an important locus for persistency of
Salmonella Typhimurium in mice. The aim of this study was to assess the contribution of ShdA in
faecal shedding of S. Typhimurium in pigs. 

Pigs were orally inoculated with a S. Typhimurium strain or its isogenic shdA mutant strain. For
the first few days after inoculation, the shdA mutant strain was more virulent than the wild type
strain, as indicated by higher excretion levels, more pronounced diarrhea and higher numbers of
infected organs. No effect on long-term shedding was found. Increased in vitro invasion levels of
the shdA mutant strain were noticed in intestinal epithelial cells. 

In conclusion, a shdA mutant strain of S. Typhimurium is more virulent during the first days
after inoculation and is not impaired in persistency or prolonged shedding in pigs.

Introduction S. Typhimurium is an important zoonotic agent. The prolonged excretion of S.
Typhimurium in pig faeces is a major risk factor both for human and animal health (Berends et al.,
1997; Poppe et al., 1998; Beloeil et al., 2004). It has been estimated that 5-30% of finisher pigs
originally infected may still excrete Salmonella at the end of the finishing period, and this percent-
age can double in periods of stress, for example during transport and lairage (Berends et al., 1996).
The mechanisms leading to the carrier state or to prolonged faecal shedding in pigs are unknown. 

The CS54 Island of S. Typhimurium has been characterized as an important locus for intestinal
colonization and prolonged shedding in mice (Kingsley et al., 2000; Kingsley et al., 2003). The
most important component of this island is ShdA, an outer membrane protein which is expressed
solely in the intestine and mediates adhesion to fibronectin (Kingsley et al., 2002). A S.
Typhimurium strain harbouring a mutation in shdA is shed in reduced numbers and for a shorter
period of time in the faeces of mice compared to its isogenic parent strain (Kingsley et al., 2002). 

Although these studies are of great value, they were exclusively conducted in mice and the
role of ShdA in the pathogenesis of salmonellosis in other animal species is not clear. It was,
therefore, the purpose of the present studies to examine wether ShdA contributes to the persist-
ence and shedding of S. Typhimurium in the pig.

Materials and Methods The shdA mutant strain was constructed in the S. Typhimurium MB2486
background. This strain was isolated from a pig stool sample and from carcasses at the slaughter-
house. The deletion mutant was constructed by a one-step inactivation method, using a linear PCR
product, mediated by the Red recombinase of bacteriophage lambda (Datsenko and Wanner 2000). 

Experimental infections were performed in 4-week-old piglets. The piglets were divided at ran-
dom into 3 groups: 2 groups of 10 piglets and one negative control group of 6 piglets. They were
penned in pairs for the first 5 days and individually for the remainder of the experiment. Group 1
was orally inoculated with 107 cfu S. Typhimurium MB 2486, group 2 was orally inoculated with
107 cfu S. Typhimurium MB 2486 DshdA and group 3, the negative control group, was sham-inoc-
ulated with 2 ml PBS. At regular time points the rectal temperature was measured and fresh fae-
cal samples were taken from each pig for bacteriological analysis. On day 5 and day 28 post inoc-
ulation (pi), 5 pigs of each Salmonella inoculated group and 3 control pigs were euthanized.
Samples of various internal organs were taken for bacteriological analysis.

The IPI-2I cell line, derived from the ileum of a boar (Kaeffer et al., 1993), was chosen for inva-
sion assays. IPI-2I cells were seeded in 24 well plates and were allowed to attach and grow until
monolayers were obtained. The number of invaded bacteria was assessed using a standard gen-
tamicin protection assay.



Results During the first
days after oral inoculation
of the piglets, the shdA
mutant strain was shed in
higher numbers than the
wild type strain (Figure 1).
On days 1 and 2 post inoc-
ulation, the difference
between the wild type
strain and the shdA mutant
strain was significant
(p#0.05), on days 5 and 6,
there was a trend (p#0.1)
to higher excretion num-
bers of the shdA mutant
strain (Figure 1). In accor-
dance with the excretion
data, diarrhea in the group of
piglets inoculated with the
shdA mutant strain was more
pronounced. At day 5, the
number of infected internal
organs of the piglets inoculat-
ed with the shdA mutant strain (21/30) was higher than the number of infected internal organs of
the piglets inoculated with the wild type strain (10/30). One piglet inoculated with the shdA
mutant strain died suddenly at day 4 pi. The internal organs were massively infected (>106
cfu/gram tissue) with Salmonella.

From day 8 until day 28, no significant differences in mean faecal shedding were noticed
between piglets inoculated with the mutant and wild type strain (Figure 1). From day 18 on, all
animals of both groups shed Salmonella intermittently at enrichment levels. At day 28, all animals
of both groups were positive for Salmonella in the ileum and caecum and only the tonsils were
colonized in significantly higher numbers in the piglets inoculated with the shdA mutant strain.
The negative control pigs remained negative for Salmonella throughout the experiment. 

The shdA mutant strain invaded in significantly (p#0.05) higher numbers in the porcine intes-
tinal epithelial cell line IPI-2I, compared to the wild type strain. The wild type strain showed a
mean percentage (± standard error of the mean) of gentamicin protected bacteria of 1.02% (±
0.16%) of the inoculum. The shdA mutant strain showed a mean percentage (± standard error of
the mean) of gentamicin protected bacteria of 1.37% (± 0.09%) of the inoculum. 

Discussion For the first few days following oral inoculation of the piglets, the shdA mutant strain
was found to be more virulent than the wild type strain. This resulted in higher faecal excretion
levels, more pronounced diarrhea and higher numbers of infected internal organs. Also 1 piglet
inoculated with the shdA mutant strain died. These findings are consistent with some of the
results of Kingsley et al. (2003), reporting a threefold increase in excretion at day 5 after inocula-
tion of CBA/J mice with the shdA mutant strain. The in vitro results suggest that increased inva-
sion in the intestinal epithelial cells was responsible for both higher colonization levels and more
pronounced diarrhea the first days after inoculation. 

Although Kingsley et al. (2000, 2003) found a reduction in excretion of the shdA mutant strain
in comparison with its isogenic wild type strain by 15 days after inoculation of CBA/J mice, we did
not find any signs of decreased shedding of the shdA mutant strain until the end of the experi-
ment (28 days pi). At this time point, the excretion had already reached a very low level (periodi-
cally positive after enrichment) in both groups. It is becoming more and more obvious that the
pathogenesis of Salmonella-infections is strongly host-related (Tsolis et al., 1999; Morgan et al.,
2004). Therefore, it might not be surprising to find some bacterial proteins to be of great impor-
tance in the colonization of one host, but not in another. 
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Figure 1. The mean log(10) cfu/gram faeces per piglet (n = 10 at days 1,2 and 4;
n = 5 at the remaining days) after oral inoculation of piglets with 107 cfu of the
wild type strain MB2486 (circles on the graph) and MB2486 DshdA (triangles
on the graph) respectively. A significantly (p#0.05) higher mean faecal shedding
of the MB2486 DshdA strain is indicated with a “*”. A trend (p#0.1) to higher
mean faecal shedding of the MB2486 DshdA strain is indicated with a “#”.
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In conclusion, we have shown that ShdA does not contribute to persistence and prolonged
shedding in pigs. A deletion mutant in shdA causes more severe clinical symptoms and is excret-
ed in higher numbers during the first days after inoculation, probably because of higher invasion
rates in the intestinal epithelial cells. 

Acknowledgements This work was supported by the Institute for the Promotion of Innovation by
Science and Technology in Flanders (IWT Vlaanderen), Brussels, Belgium and the Fonds voor
Wetenschappelijk Onderzoek Vlaanderen (grant FWOAL215).

References
Beloeil, P.A., Fravalo, P., Fablet, C., Jolly, J.P., Eveno, E., Hascoet, Y., Chauvin, C., Salvat, G., Madec, F., 2004. Risk factors for
Salmonella enterica subsp. enterica shedding by market-age pigs in French farrow-to-finish herds. Prev Vet Med 63:103-120

Berends, B.R., Van Knapen, F., Snijders, J.M., and Mossel, D.A., 1997. Identification and quantification of risk factors regarding
Salmonella spp. on pork carcasses. Int J Food Microbiol 36:199-206

Berends, B.R., Urlings, H.A., Snijders, J.M., Van Knapen, F., 1996. Identification and quantification of risk factors in animal
management and transport regarding Salmonella spp. in pigs. Int J Food Microbiol 30:37-53

Datsenko, K.A., Wanner, B.L., 2000. One-step inactivation of chromosomal genes in Escherichia coli K-12 using PCR products.
PNAS 97:6640-6645

Kaeffer, B., Bottreau, E., Velge, P., Pardon, P., 1993. Epithelioid and fibroblastic cell lines derived from the ileum of an adult his-
tocompatible miniature boar (d/d haplotype) and immortalized by SV40 plasmid. Eur J Cell Biol 62:152-162 

Kingsley, R.A., Humphries, A.D., Weening, E.H., de Zoete, M.R., Winter, S., Papaconstantinopoulou, A., Dougan, G., Bäumler,
A.J., 2003. Molecular and phenotypic analysis of the CS54 island of Salmonella enterica serotype Typhimurium: identification
of intestinal colonization and persistence determinants. Infect Immun 71:629-640

Kingsley, R.A., Santos, R.L., Keestra, A.M., Adams, L.G., Bäumler, A.J., 2002. Salmonella enterica serotype Typhimurium ShdA
is an outer membrane fibronectin-binding protein that is expressed in the intestine. Mol Microbiol 43:895-905

Kingsley, R.A., van Amsterdam, K., Kramer, N., Bäumler, A.J., 2000. The shdA gene is restricted to serotypes of Salmonella
enterica subspecies I and contributes to efficient and prolonged faecal shedding. Infect Immun 68:2720-2727

Morgan, E., Campbell, J.D., Rowe, S.C., Bispham, J., Stevens, M.P., Bowen, A.J., Barrow, P.A., Maskell, D.J., Wallis, T.S., 2004.
Identification of host-specific colonization factors of Salmonella enterica serovar Typhimurium. Mol Microbiol 54:994-1010

Poppe, C., Smart, N., Khakhria, R., Johnson, W., Spika, J., Prescott, J., 1998. Salmonella Typhimurium DT104: a virulent and
drug-resistant pathogen. Can Vet J 39:559-565

Tsolis, R.M., Townsend, S.M., Miao, E.A., Miller, S.I., Ficht, T.A., Adams, L.G., Baumler, A.J., 1999. Identification of a putative
Salmonella enterica serotype Typhimurium host range factor with homology to IpaH and YopM by signature-tagged mutagene-
sis. Infect Immun 67:6385-6393



68
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005
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Abstract The porcine response to infection with Salmonella is the result of differential expression
of host-specific genes. To characterize these alterations in gene expression, functional genomic
analyses were performed on swine tissues following experimental inoculation of the pigs with
Salmonella enterica serovars Choleraesuis and Typhimurium. Suppression subtractive hybridization
and quantitative real-time RT-PCR revealed that the transcriptional profiles of the porcine response
to the swine-adapted strain (Choleraesuis) and the non-host-adapted strain (Typhimurium) exhibit
unique differences. Our research demonstrates not only a difference in gene expression in ani-
mals infected with two different strains of Salmonella (host-specificity), but also alterations in the
transcriptome over a time course of infection from the acute state (48 hr) to the chronic or carrier
stage (21 days).  

Introduction The ability of higher animals to quickly and specifically alter their gene expression in
response to pathogenic bacteria is an important mechanism to fight infection (Rosenberger et al.,
2000; Strieter et al., 2002). Studies have documented differences in the immune responsiveness
among animal breeds (Warner et al., 1987; Edfors-Lilja et al. 1998; Edfors-Lilja et al., 2000) and
significant genetic control of disease resistance has been reported in pigs (Sellwood, 1979;
Rothschild et al., 1984; Lunney and Butler, 1998; Meijerink et al., 2000; Lunney, 2003). Thus,
understanding and improving the genetic control of disease resistance could benefit the swine
industry by identifying useful tools for livestock breeding and production. Furthermore, since the
transcriptional response mounted by the host’s immune system is highly pathogen-specific, profil-
ing of the host immune gene expression is a recent revolutionary approach for diagnosing infec-
tious diseases (Bodrossy and Sessitsch, 2004; Bryant et al, 2004; Campbell et al, 2004; Dawson
et al., 2005).  

As Salmonella is a foodborne pathogen that compromises animal health and food safety via its
ability to cause intestinal and systemic disease, the objective of this research was to use a molec-
ular approach to identify differentially expressed swine genes in response to Salmonella infection.
The goals were to 

1. investigate the host-specific response of Salmonella-infected pigs using two strains of 
Salmonella, a swine-adapted strain (Choleraesuis) and a generalist strain (Typhimurium) and 

2. characterize the transcriptional profile of disease over a time course of infection from the 
acute to the chronic stage. 

Understanding the immunological response of the pig and identifying the host signal(s) that con-
fer resistance to Salmonella may provide targets for new drug discovery and diagnostic tests,
improve intervention strategies, and/or pinpoint modifications in production practices to address
pathogen load.

Materials and Methods Conventionally raised piglets from Salmonella spp.-free sows were
weaned at 10 days (d) of age, shipped to the NADC in Ames, IA and raised in isolation facilities. To
confirm that all piglets were free of Salmonella prior to the experiment, bacteriological culturing
was performed twice on rectal swabs. At 7 weeks of age, the pigs were divided into non-infected
and infected groups with the infected groups receiving an intranasal challenge of 1 x 109 CFU of
either S. Choleraesuis x3246 or S. Typhimurium x4232. Rectal temperatures and clinical signs of
infection (lethargy, loss of appetite and diarrhea) were recorded for each animal daily. At 8 hours
(h), 24 h, 48 h, 7 d and 21 d post-infection (p.i.), three infected pigs were necropsied. Tissue sam-
ples from the mesenteric lymph nodes and lungs were aseptically collected and immediately
frozen in liquid nitrogen for future mRNA isolation. Samples of the ileocecal lymph node were
used for quantitative bacteriology.

Total RNA was prepared by homogenization of the frozen tissues in liquid nitrogen, extracted
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using TRIzol reagent (Invitrogen), and purified using the RNeasy Midi kit and a RNase-free DNase
set (Qiagen). Messenger RNA was isolated from total RNA using an Oligotex mRNA mini kit
(Qiagen). The concentration and purity of the total RNA and mRNA was determined using the
Agilent 2100 Bioanalyzer and the Genequant pro spectrophotometer (Amersham Biosciences).  

Suppression subtractive hybridization was performed using the PCR Select cDNA Subtraction
kit (Clontech). Forward and reverse subtractions were carried out using pooled mesenteric lymph
node mRNA samples from three S. Choleraesuis and three S. Typhimurium infected pigs at 24 h
post infection. Secondary (nested) PCR-amplified forward and reverse subtracted cDNA popula-
tions were cloned into the pBAD vector (pBAD TOPO TA Expression Kit, Invitrogen) and trans-
formed into E. coli DH5a. Following overnight growth on selective media, random colonies were
picked into 96-well plates for storage at -70°C.

Differential screening was performed on the subtracted clones to confirm their unique gene
expression. The cDNA inserts were amplified by PCR using the following conditions: 95°C for 1
min followed by 30 cycles at 94°C for 30 sec, 68°C for 30 sec, 72°C for 1 min and a final cycle at
72°C for 5 min. PCR products were analyzed on 2% agarose gels to identify insert-containing
clones. To prepare for Southern hybridization, 2 identical nylon membranes were made using the
Bio-Dot apparatus (BioRad) by blotting 5 ml of denatured, PCR amplified cDNA inserts. For probe
preparation, the forward and reverse subtracted secondary PCR products were digested with Rsa
I to remove the adaptors then purified using QIAquick PCR purification kit (Qiagen). Probes (l00
ng of denatured cDNA) were generated by alkaline phosphatase labeling with Gene Images
AlkPhos Direct Labeling and Detection System (Amersham Biosciences). The two identical mem-
branes were hybridized overnight at 55°C, one with the forward and the other with the reverse
subtracted probes. The hybridization signals were visualized and quantified using a Multi-Imager
Light Cabinet (Alpha Inotech Corporation). cDNA clones were considered differentially expressed
when blots probed with the subtracted tester repeatedly demonstrated a signal intensity >1.5-fold
different than blots probed with the subtracted driver. Plasmids containing differentially expressed
cDNA were extracted and sequenced by dideoxy chain termination using an ABI 3700 DNA
Analyzer (Applied Biosystems Inc.) at the Iowa State University DNA sequencing and synthesis
facility. DNA homology searches were conducted using the Basic Local Alignment Search Tool
(BLAST) from the National Center of Biotechnology Information (NCBI) (Altschul et al., 1997). All
selected plasmids were re-blotted in triplicate on nylon membranes and re-hybridized to forward
and reverse subtracted secondary PCR products using the above described technique. Southern
hybridization data was analyzed using the unpaired t test from GraphPad InStat software
(GraphPad Software Inc).

Quantitative RT-PCR was performed to verify the differential expression of the clones of inter-
est as well as measure specific immune marker gene expression (Dawson et al, 2005; Royaee et
al, 2004). Using ABI PRISM 7700 and 7900 Sequence Detection Systems (Applied Biosystems),
transcripts were amplified in triplicate and detected using either the QuantiTect SYBR Green RT-
PCR kit (Qiagen) with amplification conditions of 50°C for 30 min, 95°C for 15 min, 35 cycles at
94°C for 15 sec, 55°C to 60°C for 30 sec (the annealing temperature varied depending on the
gene specific primers), and 72°C for 5 sec or published procedures using the Stratagene Brilliant
kit and 100 ng cDNA at 50°C for two min; 95°C for 10 min; 40 cycles of 95°C for 15 sec and 60°C
for 1 min; then 4°C (Royaee et al., 2004; Dawson et al., 2005). Relative quantification of target
gene expression was evaluated using cycle threshold (Ct) values. Gene expression data was nor-
malized to the amount of RNA/cDNA amplified (Bustin, 2002). Fisher’s LSD post-hoc test was
applied to assess differences between groups of pigs at different time points post infection.  P
<= 0.05 was considered statistically significant for all analyses.

Results As Salmonella spp have a large number of specific hosts, including birds, reptiles and
mammals, Salmonella enterica serovars Choleraesuis (swine-adapted) and Typhimurium (general-
ist) were chosen in investigate Salmonella-host specificity in swine. Suppression subtractive
hybridization was performed using pooled mRNA samples from the mesenteric lymph nodes of
three S. Choleraesuis-infected pigs and three S. Typhimurium-infected pigs at 24 h p.i. Following
differential screening by DNA blot hybridization, the DNA sequence was determined for 39 cDNA
clones identified as induced in the S. Choleraesuis-infected pigs (compared to the S. Typhimurium-
infected pigs) and 44 cDNA clones induced in the S. Typhimurium-infected pigs. Real-time RT-PCR



70
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

on select immune response genes (CXCL10, HSP105, SDCBP) validated the SSH results.  Several
of the genes identified in the SSH study were mapped to specific chromosomes and physical link-
age positions using Radiation Hybrid mapping. Two of the genes, SDCBP and CXCL10, mapped
within known quantitative trait loci (QTL) peaks for mitogen-induced proliferation and lymphocyte
number, respectively (Edfors-Lilja et al. 1998;Edfors-Lilja et al., 2000). 

The expression of a panel of immune genes was examined by real-time RT-PCR to further
define the porcine response to Salmonella infection. S. Choleraesuis induced a more intense and
extended up-regulation of porcine immune gene expression (IFNG, IL1B, IL6, TLR4) whereas S.
Typhimurium triggered both a transient up-regulation (IFNG, SOCS1, STAT1) as well as a significant
down-regulation in gene expression of many host immune factors (IL1B, IL4, IL6, TLR4, CSF2).    

Discussion The clinical response elicited in swine infected with S. Choleraesuis is more severe
than the clinical response to S. Typhimurium (Reed et al., 1986); furthermore, S. Choleraesuis usu-
ally does not progress into a carrier state in the host as observed with S. Typhimurium (Gray et
al., 1996; Watson et al., 2000). The aim of our research was to investigate the molecular dynamics
responsible for this difference in Salmonella-host specificity and characterize the porcine response
during the various stages of Salmonella infection using functional genomic analyses. Suppression
Subtractive Hybridization identified and real-time RT-PCR confirmed the differential expression of
genes with a role in a variety of host cellular functions in response to Salmonella infection, includ-
ing genes involved in innate immunity. Further genetic investigation revealed that two of the dif-
ferentially expressed genes mapped to QTL sites for controlling mitogen-induced proliferation of
whole blood cells (SDCBP) (Edfors-Lilja et al. 1998) and the number of circulating lymphocytes fol-
lowing mixing and transport of pigs (CXCL10) (Edfors-Lilja et al., 2000). CXCL10 expression has
been shown to increase lymphocyte proliferation in the spleen in vitro (Whiting et al., 2004).
Therefore, this expression information will be useful in developing markers and screening for DNA
polymorphisms associated disease response, potentially improving pig genetics.

As several immune-related genes were identified in the SSH analysis, specific immune genes
were selected for transcriptional profiling using real-time RT-PCR.  Unique differences were
observed between the porcine gene expression responses to the two Salmonella strains: in gen-
eral, a strong Th1 response (IFNG, INDO, STAT1) and expression of genes involved in inflamma-
tion and innate immunity (IL1B, IL6, TLR4) were observed in pigs inoculated with S. Choleraesuis.
The pigs inoculated with S. Typhimurium exhibited a repression in Th2, innate and inflammatory
response gene expression (IL1B, IL4, IL6, TLR4, CSF2) and only a transitory induction in the Th1
response (IFNG, SOCS1, STAT1).

Conclusions The porcine transcriptional responses during infection with S. Choleraesuis (swine-
adapted) and S. Typhimurium (non-host-adapted) revealed unique host-specific differences.
Although a response by the pigs to infection with both Salmonella strains was initiated by 24
hours p.i., the nature and persistence of that response was different between the two pathogens:
S. Choleraesuis infection induced classic inflammatory gene expression, while S. Typhimurium
induced a mild and transient transcriptional response of immune-related genes.  These investiga-
tions suggest that S. Typhimurium may down-regulate the porcine immune response, thereby
potentially evading aspects of the host’s immune system and progressing into a carrier state in
the animal. 
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FOODBORNE INFECTION, 10 US SITES 2004
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Abstract The 2004 data indicate declines in the incidence of infections caused by Campylobacter,
Cryptosporidium, Shiga toxin--producing Escherichia coli (STEC) O157, Listeria, Salmonella, and
Yersinia. Declines in Campylobacter and Listeria incidence are approaching national health objec-
tives (objectives 10-1a through 1d); for the first time, the incidence of STEC O157 infections in
FoodNet is below the 2010 target (U.S. Department of Health and Human Services 2000, U.S.
Department of Agriculture 2003) (Table). However, further efforts are needed to sustain these
declines and to improve prevention of foodborne infections; efforts should be enhanced to reduce
pathogens in food animal reservoirs and to prevent contamination of produce. 

Introduction Foodborne illnesses are a substantial health burden in the United States (Allos et al.
2004). The Foodborne Diseases Active Surveillance Network (FoodNet) of CDC's Emerging
Infections Program collects data from 10 U.S. sites (Connecticut, Georgia, Maryland, Minnesota,
New Mexico, Oregon, Tennessee, and selected counties in California, Colorado, and New York)
on diseases caused by enteric pathogens transmitted commonly through food. FoodNet quanti-
fies and monitors the incidence of these infections by conducting active, population-based surveil-
lance for laboratory-diagnosed illness (Hardnett et al. 2004). This report describes preliminary sur-
veillance data for 2004 and compares them with baseline data from the period 1996--1998.

Methods In 1996, FoodNet began active, population-based surveillance for laboratory-diagnosed
cases of Campylobacter, STEC O157, Listeria, Salmonella, Shigella, Vibrio, and Yersinia. In 1997,
FoodNet added surveillance for cases of Cryptosporidium, Cyclospora, and hemolytic uremic syn-
drome (HUS). In 2000, FoodNet began collecting information on non-O157 STEC. In 2004,
FoodNet began determining whether a case was part of a national foodborne disease outbreak
reported to CDC via the electronic Foodborne Outbreak Reporting System (eFORS). 

FoodNet personnel ascertain cases through contact with all clinical laboratories in their surveil-
lance areas. HUS surveillance is conducted through a network of pediatric nephrologists and
infection-control practitioners, and the review of records of hospitalized patients. Because of the
time required for review of hospital records, this report contains preliminary 2003 HUS data. 

During 1996--2004, the FoodNet surveillance population increased from 14.2 million persons in
five sites to 44.1 million persons (15.2% of the U.S. population) in 10 sites. Preliminary incidence
for 2004 was calculated by using the number of laboratory-confirmed infections and dividing by
2003 population estimates. Final incidence for 2004 will be reported (at http://www.cdc.gov/food-
net) when 2004 population estimates are available from the U.S. Census Bureau. 
Comparison of 2004 Data with 1996—1998
To account for the increase in the number of FoodNet sites and populations under surveillance
since 1996 and for variation in the incidence of infections among sites, a main-effects, log-linear
Poisson regression model (negative binomial) was used to estimate statistically significant
changes in the incidence of pathogens (Hardnett et al. 2004). To create a baseline period, an aver-
age annual incidence for the first 3 years (2 years for Cryptosporidium) of FoodNet surveillance,
1996--1998, was calculated. Next, the estimated change in incidence (relative rate) between the
baseline period and 2004 was calculated, along with a 95% confidence interval (CI). The 3-year
baseline, which differs from the 1996 baseline used in previous reports, resulted in more stable
and precise relative rate estimates. 

Results
2004 Surveillance In 2004, a total of 15,806 laboratory-diagnosed cases of infections in FoodNet
surveillance areas were identified, as follows: Salmonella, 6,464; Campylobacter, 5,665; Shigella,
2,231; Cryptosporidium, 613; STEC O157, 401; Yersinia, 173; Vibrio, 124; Listeria, 120; and
Cyclospora, 15. Overall incidence per 100,000 persons was 14.7 for Salmonella, 12.9 for

 



Campylobacter, 5.1 for Shigella, and 0.9 for STEC O157. The overall incidence per 1 million per-
sons was 13.2 for Cryptosporidium, 3.9 for Yersinia, 2.8 for Vibrio, 2.7 for Listeria, and 0.3 for
Cyclospora. However, substantial variation occurred across surveillance sites (Table). 

Of the 5,942 (92%) Salmonella isolates serotyped, five serotypes accounted for 56% of infec-
tions, as follows: Typhimurium, 1,170 (20%); Enteritidis, 865 (15%); Newport, 585 (10%); Javiana,
406 (7%); and Heidelberg, 304 (5%). Among 112 (90%) Vibrio isolates identified to species, 58
(52%) were V. parahaemolyticus, and 16 (14%) were V. vulnificus. FoodNet also collected data on
106 non-O157 STEC infections. An O antigen was determined for 80 (75%) of the non-O157 STEC
isolates, including O111, 40 (50%); O103, 14 (18%); and O26, 10 (13%). In 2003, FoodNet collect-
ed data on 52 HUS cases in persons aged <15 years (rate: 0.6 per 100,000 persons aged <15
years); 36 (69%) of the 52 HUS cases occurred in children aged <5 years (rate: 1.3 per 100,000
children aged <5 years). 

In 2004, FoodNet cases were part of 239 nationally reported foodborne disease outbreaks
(defined as two or more illnesses from a common source); 138 (58%) of these outbreaks were
associated with restaurants. An etiology was reported in 152 (64%) outbreaks. The most common
etiologies were norovirus (57%) and Salmonella (18%). Cases associated with outbreaks influ-
enced the incidence of laboratory-diagnosed infections. For example, the incidence of S. Javiana
cases increased substantially in 2004, in part because of a multistate outbreak associated with
Roma tomatoes (CDC 2005) that included 42 laboratory-diagnosed cases in Maryland (CDC,
unpublished data, 2005).

Comparing 1996--1998 with 2004, the estimated incidence of several infections declined sig-
nificantly, as illustrated by the relative rates (Figure 1). The estimated incidence of infection with
Campylobacter decreased 31% (95% CI = 25%--36%), Cryptosporidium decreased 40% (CI =
26%--52%), STEC O157 decreased 42% (CI = 28%--54%), Listeria decreased 40% (CI = 25%--
52%), Yersinia decreased 45% (CI = 32%--55%), and overall Salmonella infections decreased 8%
(CI = 1%--15%). The estimated incidence of Shigella infections did not change significantly in
2004 compared with the baseline period. Overall Vibrio infections increased 47% (CI = 7%--
102%) (Figure 1); this increase was less than that reported previously because of the increased
stability of the baseline rate estimate.

Although Salmonella incidence decreased overall, of the five most common Salmonella
serotypes, only the incidence of S. Typhimurium decreased significantly (41% [CI = 34%--48%]), as
illustrated by the relative rates comparing 2004 with the 1996--1998 baseline period (Figure 2).
Estimated incidence of S. Enteritidis and S. Heidelberg did not change significantly; incidence of S.
Newport and S. Javiana increased 41% (CI = 5%--89%) and 167% (CI = 75%--306%), respectively. 

Discussion During 1996--2004, substantial declines occurred in the estimated incidence of infec-
tions with Campylobacter, Cryptosporidium, STEC O157, Listeria, S. Typhimurium, and Yersinia.
The 2004 incidence of STEC O157 infections declined below the 2010 national target of 1.0 case
per 100,000 persons in
FoodNet overall and in seven
of the 10 surveillance sites.
In addition, the decline in
Campylobacter incidence
represents progress toward
the national health objective
of 12.3 cases per 100,000
persons (U.S. Department of
Health and Human Services
2000); the renewed decline
in Listeria incidence, to 2.7
cases per 1 million popula-
tion in 2004, suggests that
the revised national objective
to reduce foodborne listerio-
sis to 2.5 cases per 1 million
population by 2005 might be achiev-
able with continued efforts (U.S.
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Figure 1: Relative rates compared with 1996-1998 baseline period of
laboratory-diagnosed cases of infection with Campylobacter, Escherichia
coli O157, Listeria, Salmonella and Vibrio by year. — Foodborne
Diseases Active Surveillance Network, United States. 1996-2004



Department of Agriculture 2003). 
The declines described in this report have occurred concurrently with several important food

safety initiatives and education efforts (Allos et al. 2004). The substantial decline of STEC O157
infections first noted in 2003 and sustained in 2004 is consistent with declines in STEC O157 con-
tamination of ground beef reported by the U.S. Department of Agriculture Food Safety and
Inspection Service (FSIS) for 2003 (Naugle et al. 2005) and 2004
(http://www.fsis.usda.gov/news_&_events/NR_022805_01/index.asp). Multiple interventions might
have contributed to this decline, including industry response to the FSIS 2002 notice to manufac-
turers to reassess control strategies for STEC O157 in the production of ground beef and
enhanced strategies for reduction of pathogens in live cattle and during slaughter (Naugle et al.
2005). The overall decline in Campylobacter incidence from the baseline period to 2004, the majori-
ty of which occurred before 2001, might reflect efforts to reduce contamination of poultry and edu-
cate consumers about safe food-handling practices. Although the incidence of Listeria infections
decreased from the period 1996--1998 through 2004, the incidence in 2004 was comparable to
2002, after an increase in 2003 (Figure 1); efforts must continue to prevent foodborne listeriosis. 

The decline in Salmonella incidence was modest compared with those of other foodborne
bacterial pathogens. Only one of the five most common Salmonella serotypes, S. Typhimurium,
declined significantly. To achieve the national health objective of reducing the number of cases to
6.8 per 100,000 persons, greater efforts are needed to understand the complex epidemiology of
Salmonella and to identify effective pathogen-reduction strategies. The multistate tomato-associat-
ed S. Javiana outbreak that occurred in the summer of 2004 emphasizes the need to better
understand Salmonella reservoirs and contamination of produce during production and harvest
(CDC 2003). The Food and Drug Administration recently developed a plan to decrease foodborne
illness associated with fresh produce (FDA 2004). Moreover, multidrug resistance is an emerging
problem among Salmonella serotypes, particularly S. Newport; large multistate outbreaks associ-
ated with ground beef are cause for increased concern (CDC 2002). 

The findings in this report are subject to at least five limitations. First, FoodNet relies on labo-
ratory diagnoses, and many foodborne illnesses are not laboratory diagnosed. For example, infec-
tions such as norovirus are not identified routinely in clinical laboratories. Second, protocols for
isolation of enteric pathogens
(e.g., non-O157 STEC) in clini-
cal laboratories vary and are
not implemented uniformly
within FoodNet sites (Voetsch
et al. 2004). Third, reported ill-
nesses might have been
acquired through nonfood-
borne sources; reported inci-
dence rates do not represent
foodborne sources exclusive-
ly. Fourth, although the
FoodNet population is similar
to the U.S. population
(Hardnett et al. 2004), the
findings might not be general-
izable to the entire population
of the United States. Finally, year-to-year
changes in incidence might reflect either
annual variations or sustained trends. 

Conclusions Enhanced efforts are needed across the farm-to-table continuum to understand and
control pathogens in animals and plants, to reduce or prevent contamination during processing,
and to educate consumers about risks and prevention measures. Such efforts can be particularly
focused when an animal reservoir species and transmission route for a pathogen are known. For
example, many Vibrio infections are related to consumption of raw molluscan shellfish harvested
from waters where Vibrio are present; ultra-high hydrostatic pressure treatment of oysters will
likely prevent Vibrio infections. Other effective prevention measures, such as pasteurization of in-
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Figure 2: Relative rates compared with 1996-1998 baseline period
of laboratory-diagnosed cases of infection with the five most com-
monly isolated Salmonella serotypes, by year — Foodborne
Diseases Active Surveillance Network, United States, 1996-2004.
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shell eggs and irradiation of ground meat and raw poultry, should be used more widely, particular-
ly for foods eaten by persons at high risk. Consumers should follow safe food-handling recom-
mendations and not consume raw or undercooked shellfish, eggs, ground beef, or poultry. In
addition, efforts are needed to prevent transmission by nonfoodborne routes (e.g., via water, per-
son-to-person, and exposure to animals or their environments). Guidelines to prevent disease
associated with direct contact with animals or their environments in public settings (e.g., fairs and
petting zoos) have recently been published (CDC 2005). 
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SALMONELLA SEROTYPE DISTRIBUTION IN DANISH 
SWINE HERDS AND PORK 1998 – 2004

Bent Nielsen*, Jan Dahl, Lene Lund Sørensen
Veterinary and Food Advisory Service, Danish Bacon and Meat Council, 3 Axeltorv, Copenhagen, DK-1609 Denmark. Ph:+45
33732600 * ben@danskeslagterier.dk 

Abstract The serotype distribution in the Danish swine population and in pork has been remark-
able stable during the period 1998-2004. S. Typhimurium remains the predominant serotype in the
entire swine population and in pork. S. Derby is increasing in prevalence in herds and in pork. S.
Infantis, which was highly prevalent in Danish pork 10 years ago, has reached a low and stable
level in herds and in pork. An unexplained increase in rough salmonella isolated from carcasses
has taken place during the entire study period. The original antibody ELISA for serological monitor-
ing of herds can still be used without adjustments.

Introduction The mandatory Danish Salmonella Control Program in swine has been in place since
1995, and operates at all stages of the production chain (Mousing et al. 1997, Nielsen et al. 2001).
Bacteriological examinations for Salmonella are carried out at four different places in the program;
seropositive breeder and multiplier herds, seropositive finisher herds and sow herds producing
weaners for seropositive finisher herds, and at the daily Salmonella monitoring of carcasses at
slaughterhouses. The program gives a unique ability to follow the development in serotype distri-
bution in the entire swine production chain over many years.

When the program started 10 years ago little was know about fluctuations of Salmonella
serotypes over time in the Danish swine production.  One of the preconditions for the serological
monitoring of the Danish swine herds was knowledge to the distribution of serotypes. If the
serotype distribution was stable, the same ELISA could be used over years without adjustments.
However, if the serotype distribution changed significantly over time it was imperative to adjust
the ELISA to maintain an acceptable high sensitivity.

Another important aspect of the bacteriological monitoring is the ability to follow an introduc-
tion of a serotype at a certain point in the production chain and its possible spread up and down
the production chain. Finally, it is very important to have solid surveillance data in order to esti-
mate the number of pork related human salmonellosis.

The present study describes the development in Salmonella serotypes from 1998 to 2004.

Materials and Methods Results from the bacteriological monitoring of seropositive breeder and
multiplier herds, seropositive finisher herds and sow herds producing weaners for seropositive
finisher herds were collected from the national data base The Zoonoses Register, owned by the
Danish Ministry of Family and Consumer Affairs. Additionally, data from the Salmonella monitoring
of carcasses at the slaughterhouses were obtained from the database of the Danish Bacon and
Meat Council. Data were collected from 1998 to 2004. 

Each month, all breeder and multiplier herds are blood sampled and examined for Salmonella
antibodies. Based on the level of antibodies, a Salmonella index is calculated. If the index exceeds
5, pen fecal samples must be taken and examined for the presence of Salmonella.

All finishing herds producing >200 finishers per year are tested for Salmonella antibodies.
Based on the number of seropositive samples the herds are assigned into level 1, 2 and 3 on a
monthly bases, where level 2 and 3 are moderate to highly salmonella infected herds. Level 2 and
3 herds must have pen fecal samples taken and examined for Salmonella. Finally, if a sow herd
has sold weaners to a level 2 or 3 finisher herd, pen fecal samples must be taken and examined
for the presence of Salmonella (Nielsen et al. 2001). From 1998 to 2002, this was carried out by
bacteriological examination of 20 pen fecal samples randomly selected from the different pens in
the herd. Since February 2003, the 20 pen samples have been pooled 4 by 4 and analyzed as 5
cultures. Only one Salmonella isolate from a herd sampling is serotyped since February 2003
(Enøe et al. 2002). 

From 1993 to 2000 the monitoring of pork was conducted by bacteriological examination of
different pork cuts. Approximately 28,000 pork cuts were tested on an annual basis. A new
method of Salmonella testing on carcasses was introduced on 1 January 2001. At each slaughter-
house, five randomly selected carcasses per slaughter day are swabbed at three defined areas

 



(the hind leg near the tail, the sternum, and the jowl. The three areas are swabbed with the same
gauze pad, and the pads from the five carcasses sampled on the same day are analyzed as one
pooled sample. The swabbing areas were originally defined by USDA, USA. This method is twice
as sensitive as the one previously used. (Sørensen et al. 2001). Approximately 36,000 carcasses
are examined annually. 

All Salmonella were serotyped using the Kaufmann-White scheme at the Danish Institute for
Food and Veterinary Research in Copenhagen.

Results S. Typhimurium is the predominant serotype in the entire production chain from 1998 to
2004 and shows a remarkable stability, figure 1. S. Derby and S. Infantis are the second and third
most prevalent serotypes followed by several low prevalent serotypes. 

The proportion of S. Typhimurium isolates from positive breeder, multiplier and sow herds are
nearly constant over the entire observation period and vary between 50-60%. In Salmonella posi-
tive finisher herds, S. Typhimurium constituted 80% of the isolates in 1998 and has subsequently
declined slowly and steady every year reaching 70% in 2004. A similar trend was observed in
pork where S. Typhimurium slowly has declined from 58% in 1999 to 40% in 2004.

S. Derby has a different development over the observation period, as this serotype has increased
in prevalence in all herd categories as well as in pork, figure 2. Starting at 6 - 12% in herds in 1998
and reaching 19% in 2004 this serotype is apparently successfully spreading in the Danish swine
population. In pork, a similar increase has been observed with 6% in 1998 to 19% in 2004. 

S. Infantis has a nearly constant prevalence over the years; 10% of the Salmonella isolates in
breeder, multiplier and sow herds but only 4% in finisher herds. In pork the prevalence was 30%
in 1998 but declined rapidly to 7% in 2000, and has since then varied between 5 - 8%.

Beside the three mentioned predominant serotypes many exotic types are found in low num-
bers every year. The number of detected serotypes is highly dependent on the type of herds.
In breeder and multiplier herds, 5 - 6 serotypes are consistently detected. In contrast to this low
and stable situation, sow and finisher herds have an extensive number of serotypes. In sow
herds, 31 serotypes were detected in 1999, peaking in 2000 with 42 serotypes followed by a
steady decline to 25 in 2002. Subsequently, the number of serotypes increased to 32 in 2004. In
finisher herds the diversity also peaked in 1999 with 42 different serotypes, followed by a steady
yearly decline to 23 serotypes in 2003, again followed by an increase to 31 types in 2004. 

In pork, 8 - 14 serotypes were identified when different pork cuttings were examined from
1998-2000. Approximately 15 serotypes were detected every year from 2001 to 2004 by culture
of carcass swabs. The high serotype diversity in finisher herds was not reflected in pork. 

Rough isolates were rarely detected in pen fecal samples from herds (<5%), but from pork an
increasing proportion of rough Salmonella isolates were found over the observation period. Rough
Salmonella isolates are defined as isolates missing the LPS layer in the surface making them non-
serotypable. In 1998, 11% of the pork isolates were characterized as rough, increasing slowly to
14% in 2000 by culture of dif-
ferent pork cuttings. When the
new carcass swab monitoring
was implemented in 2001,
12% of the isolates were
rough. Since then a steady
increase in rough isolates have
been observed every year
reaching 19% in 2004.

The proportion of culture
positive herds assigned to pen
fecal sampling is highly
dependent on the category of
herd. Breeder, multiplier and
finisher herds are examined by
pen fecal samples due to high
levels of Salmonella antibodies
in the swine. In these herds,
65 - 71% of the examined herds were cultures posi-
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Figure 1. Distribution of S. Typhimurium in culture
positive swine samples in Denmark 1998–2004.
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tive in 1999-2001. However, from 2002 to 2004 a decreasing proportion of herds were found cul-
ture positive reaching a minimum of 55 - 57% in 2004. Less variation have been observed in sow
herds where 46% of the examined herds were culture positive in 1998, decreasing to 40% in
1999 and 2000. The proportion of positive sow herds peaked in 2001 with 49%, and slowly but
steadily declined year by year to 41% in 2004.

Discussion During the last 10 years, the Danish Salmonella Control Program for swine has includ-
ed the entire production chain. The Salmonella prevalence in finisher herds has been reduced
from 23% in 1993 to 11% in 1999 (Anon. 1998) and the prevalence in pork has declined from cal-
culated 7% in 1993 to 1.3% in 2004 measured by the swab method. Despite this, a remarkable
stable occurrence of serotypes has been observed from 1998 to 2004.

S. Typhimurium remains at a nearly unchanged level in sow herds of 50% of all isolates in con-
trast to 70 - 80% in finisher herds. This most likely reflects that finisher herds are monitored sero-
logically using an ELISA method with a high sensitivity to S. Typhimurium. When moderate and
highly seropositive herds subsequently become assigned to pen fecal sampling, S. Typhimurium
will constitute a high proportion of the isolated serotypes. The proportion of S. Typhimurium in
pork most likely shows the true proportion in the finisher population, as this monitoring method is
equal sensitive to all serotypes.

S. Derby appears to increase in prevalence in all categories of herds and in pork. This increase
has so far not been reflected in the number of pork related S. Derby cases, which remain very
low at 15 human cases in 2004. S. Infantis, which was a dominant serotype and the cause of a
major Danish pork related human salmonellosis outbreak in 1993, has decline to a constant low
prevalence in herds and not at least in pork. There have been no specific initiatives against S.
Infantis.

The significant different numbers of serotypes in the different herd categories and in pork may
be due to several reasons. It may be argued, that the very few detected serotypes in breeder and
multiplier herds is a result of a very high external biosecurity, preventing infectious agent from
entering these herds. In contrast to this, sow herds and finisher herds have a less strict biosecuri-
ty system, and trade frequently pigs with other herds. The lower number of serotypes in pork
may be explained due to the fact, that only the more frequently appearing types have a good
chance to become detected in the monitoring system. Many of the exotic serotypes in sow and
finisher herds are only detected 1-3 times annually; these serotypes are unlikely to become
detected in the carcasses surveillance due to the low prevalence.

The authors don’t know the cause of the continuous increase in rough isolates from pork. It
may be speculated; that more and more Salmonella becomes rough on the carcasses as the sur-
vival conditions for Salmonella on the carcass surface becomes increasingly difficult due to
increased hygienic slaughter procedures.

Not all moderate to highly seropositive herds are found culture positive after 20 pen fecal sam-
ples have been examined, as 30-40% of these herds turn out to be culture negative. This was a
major surprise in the beginning of the Danish Salmonella Control plan. Today, it is known that sal-
monella infection
may be highly
clustered in swine
herds at pen or
section level. Even
20 pens are sam-
pled Salmonella
might not be iden-
tified. Additionally,
pigs don’t excrete
Salmonella contin-
uously. When a
herd is assigned
to pen fecal sam-
pling it may take 2
weeks before the
sampling is done. Figure 2. Distribution of S. Derby in culture positive swine samples in Denmark 1998 – 2004
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The assignment is due to antibodies detected in finishers at slaughter over the last couple of
months.  Consequently, the pen fecal sampling may take place 1- 2 months after the infection
peaked in the herd, with a corresponding lower chance of detecting Salmonella bacteria in feces.

Conclusions Overall, the serotype distribution in the Danish swine population has been remark-
able stable during the period 1998 – 2004, and the original antibody ELISA for serological monitor-
ing of herds can still be used without adjustments. S. Typhimurium remains to be the predomi-
nant serotype in the entire swine population and in pork. S. Derby is increasing in prevalence in
herds and in pork. S. Infantis, which was highly prevalent in Danish pork 10 years ago, has
reached a stable and low level in herds and in pork. An unexplained increase in rough Salmonella
isolated from carcasses has taken place during the entire study period from 1998 – 2004. 
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RISK-BASED ANALYSIS OF THE DANISH PORK
SALMONELLA PROGRAM, PAST AND FUTURE

H. Scott Hurd1*, C. Enøe2, L. Sørensen2, H. Wachmann2,T. Hald3, M. Greiner3

1Iowa State University, Ames, Iowa, USA, 50010, 515-294-7905, shurd@iastate.edu, 2Danish Bacon Meat Council,
Copenhagen, Denmark; 3Danish Institute for Food and Veterinary Research, Copenhagen, Denmark

Introduction The question of where in the  production system to best implement control
Salmonella policies often ends up between the farm or the abattoir, as control policies further
downstream e.g. the kitchen are difficult to implement. The Danish on-farm program involves clas-
sification of herd Salmonella status based on statistically based serological sampling.  Herds with
high seroprevalence levels receive special attention and financial penalties that encourage the
reduction of Salmonella levels.  As the program moves into its second decade, it is beneficial to
evaluate the impact it has had on human risk of salmonellosis due to Danish pork. 

All public policy efforts directed to the farm or the abattoir assume there is a connection
between Salmonella in pigs and pork and salmonellosis in humans. It is assumed that reduction in
pathogen prevalence on-farm and in the abattoir will result in reduced illness attributable to that
pathogen-food combination, even if that attribution is not directly measurable. Every carcass test-
ed, every HACCP implemented assumes there is a connection between efforts made on the farm
or in the abattoir and human health. The goal of this analysis was to use that assumed connection
and to evaluate some long range (10 year) control options for the Danish pork production system.

Materials and Methods The method used was to generate a computer simulation model con-
structed of a series of Excel workbooks; one for each simulated year and scenario (Figure 1). Each
workbook had four modules representing the key processes affecting Salmonella levels in pigs
leaving the farm, on carcasses after slaughter, and pork attributed human cases of Salmonella
(PAHC).

The initial value (INITVAL) module used data on the Salmonella seroprevalence distribution of
swine herds participating in the Danish control program.  For the retrospective analysis, described
below, it used observed data for years 1995 to 2003.  The data were derived from the 1) National
Salmonella surveillance data containing seroprevalence on the herd-level; 2) and data from the tra-
ditional meat inspection providing information about herd size. The average annual seroprevalence
was used to categorize herds into 11 seroprevalence categories.

The production (PROD) module calculated the number pigs from various seroprevalence cate-
gories; using data from the INITVAL module.  The resulting flow of pigs from each category was
fed into the slaughter (SLAUG) module. This module calculated the annual number of Salmonella
positive carcasses as a function of pigs in each seroprevalence category.  It is based on a regres-
sion equation, fitted from existing national data on pooled (n=5) of carcass swab cultures.  The
coefficient of the regression equation was then adjusted to correlate with the observed national
carcass swab data given the on-farm seroprevalence distribution for that year (1994-2005).  This
adjustment process allows modeling of the undefined but real improvements in general abattoir
processes that have reduced Salmonella levels on carcasses.

The attribution (ATTRIB) module used the output from SLAUG to the simulate the PAHC as a
function of carcass contamination. To create this function it used historical data on the attributions
made between pork produced and pork associated human illness for years 1999-2003 as pub-
lished in the yearly Danish Zoonoses reports (www.DFVF.dk). 

As stated, the base model consisted of an Excel© workbook with one sheet for inputs and one

Figure 1:  A Systems model of the production pork attributed Danish human salmonellosis cases from Danish produced pork.

Starts with national data
on the distribution of all
Danish herds among 10
average annual sero-
prevalence categories,
by herd size.

Pig Production
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Slaughter
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Estimates human cases
attributable to pork as a
function of carcass con-
tamination. Attribution
in Danish Zoonosis
report (1999-2003).

Attribution Module
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Positive
carcass

Human
cases
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for each of the above described modules.  Stochastic simulations were implemented by use of
@Risk (Palisade, CA USA). Thus providing 95% confidence intervals for all key outputs. The series
of spreadsheets used to simulate all scenarios described below is available on
http://www.vrac.iastate.edu/~scorns/shurd/.  

There were two types of analysis
conducted: retrospective and
prospective. The objective of retro-
spective analysis (1994-2003) was to
isolate the separate effects of reduc-
tions in on-farm seroprevalence lev-
els from improvements in the abat-
toir processes. A separate spread-
sheet was created for each year, to
include each year’s specific data on
herd seroprevalence distribution,
herds producing pigs, and observed
prevalence of positive carcasses. For
each year, the output of interest
were PAHC and total number of pos-
itive carcasses. Five scenarios were
simulated. The Historical scenario
used yearly changing data on sero-
prevalence distribution and the abat-
toir coefficient to recreate the likely
course of declining positive carcasses
and PAHC from 1994 to 2003. This
was the baseline for comparison to other simulated scenarios. The other scenarios include changes in
the on-farm seroprevalence only with no changes in abattoir process and no change in on-farm sero-
prevalence in the presence of continued abattoir improvements.

For the prospective analysis, six different forward looking scenarios were used to explore possi-
ble future outcomes as on-farm and abattoir procedures were varied over a 10 year planning hori-
zon (2003-2013).  The first two scenarios compared how continued changes in on-farm Salmonella
levels alone impacted the resulting number of Salmonella positive carcasses and attributable
human cases.  The other four scenarios compared different combinations of improvements.

Additionally, the static (one year, immediate) effect on PAHC of carcass decontamination as
applied to various portions of the slaughter pig population was analyzed. Currently, hot water
decontamination is applied only to carcasses from Level 3 pigs.  A model was created using 2004
data simulating decontamination of various percentages of the slaughter pig population.  The
decontamination parameter is set to be 90% effective at reducing Salmonella contamination.  

Results In the retrospective analysis, the Historical scenario shows a reduction of PAHC from 351 to
202 (42%) comparing 1995 to 2003. This scenario reflects the effects of changes in the on-farm sero-
prevalence in combination with abattoir process improvements. Looking at the effect of on-farm inter-
ventions only (Abattoir95) shows there was an early significant decrease in number of positive car-
casses due solely to the on-farm control program; reduction of approximately 73 (21%) mean number
PAHC (1995 versus 1998).  However, the effect of this on-farm program alone did not continued much
beyond 1998; the annual number of PAHC staying around the 1998 level of  278.  In the scenario of
no on-farm control program beyond 1995 levels (Farm95), i.e. all improvements in the abattoir, there
was downward trend similar to that simulated in the Historical scenario; reduction from 351 cases
per year to 234.

The prospective analysis showed that continued reductions on-farm (ImpF) will result in mini-
mal reductions in positive carcasses or human risk (159 PAHC/yr in 2004 to 144 in 2013).  Also,
there is little predicted change in risk if on-farm levels do not revert back (RevF) beyond the high
levels of the early years (1995 to 1997).  These data also show that continued improvement in
abattoir methods, with no further changes on-farm (Farm2003ImpAb) will continue to reduce posi-
tive carcasses and expected human cases at a slow steady rate.  With no more changes on-farm,
the predicted number of PAHC in 2013 is around 110; significantly less than the 152 predicted in

Figure 2: Comparison of simulated total annual number of pork attributa-
ble human cases if on-farm control methods were used with 1995
(Abattoir95) or 2003 (Abattoir03) slaughter quality parameters.
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2003.  For on-farm improvements only, The predicted number of PAHC in 2013 was not signifi-
cantly less than the 2003 starting point. 

The static (2004) decontamination scenarios showed, if 10% of the slaughter pig population
was decontaminated there would be a reduction in the predicted number of PAHC/yr to 126 from
152, but the results are not significantly different. Decontamination of all carcasses would result in
significant 10-fold reduction in the number of pork attributed Salmonella cases (152 to 15).  

This study compared the relative impact of Salmonella control efforts implemented on-farm
since 1994 with efforts occurring at the same time in the abattoir. Overall, this study demon-
strates that, except for the first few years (1994-1998), the on-farm program had minimal impact
in reducing the number of positive carcasses and pork attributable human cases (PAHC). Most of
the reductions in the PAHC up to 2003 were, due to ill-defined improvements in slaughter
hygiene. The various prospective scenarios out to 2013 show a similar conclusion that on-farm
efforts at Salmonella reduction, similar to those in the past, will not markedly improve public
health. This is largely due to the fact that herds in the low seroprevalence categories still sell
Salmonella infected pigs.  

A few recommendations for Denmark may be deduced from this analysis:
< Consider a limited or reduced investment in on-farm control; just enough to maintain 

the current infection status.
< Remain open to new on-farm technologies that may make Salmonella control more 

cost-effective.
< Explore and invest in new abattoir specific interventions.
< Consider carcass decontamination options for all carcasses.
< Continue to refine this model and other systems models that connect underlying 

current policy options.
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Figure 3:  Comparison of simulated pork attributable human cases per
year based on holding on-farm seroprevalence levels at 2003 levels and
improving abattoir methods (Farm2003ImpAb); reverting on-farm meth-
ods to 1995 values while keeping abattoir values constant (RevF); and
continuing to improve on-farm methods while keeping abattoir values
constant (ImpF).
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COST – EFFECTIVENESS ANALYSIS OF THE DANISH
SALMONELLA CONTROL STRATEGY
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Abstract The mandatory national Danish Salmonella Control Program in swine has been in place
since 1995. The over all goal for the current program is to reduce the salmonella prevalence in
pork from 1.7% in 2001 to a maximum of 1.2% in 2006. In order to achieve this, the Danish swine
industry decided to conduct a cost-effectiveness study in order to achieve the optimal salmonella
reduction at the lowest possible costs. 

The study showed that further pre-harvest initiatives using the currently known measures can
not reduce the salmonella prevalence in Danish pork sufficiently. At the present stage of the
Danish Salmonella Control Program only intensified focus on slaughterhouse measures, like
decontamination and intensified hygiene, can reduce the prevalence of Salmonella in Danish pork
sufficiently to attain the goal of 1.2%.

Introduction The mandatory national Danish Salmonella Control Program in swine has been in
place since 1995, and operates at all stages of the production chain (Mousing et al. 1997, Nielsen
et al. 2001).

During the first 5 years of the program the strategy was mainly focused on salmonella control
in the primary production, and to a less degree on slaughterhouse related factors. Since 2001 an
increasing focus has been placed on evaluating the importance of each step in the salmonella
control program in order to achieve a reduced level of Salmonella in Danish pork, and consequent-
ly in the number of pork related human salmonellosis cases. The Salmonella control program for
swine has reduced the pork related number of human salmonellosis cases from 22/100,000
inhabitants in 1993 to 3/100,000 in 2003 (Anon 2004). The annual costs of the program were 4.5
million Euro in 2003. In total, the costs of the salmonella program have been close to 95 million
Euro since its initiation in 1995. 

Assuming that the number of human cases had remained at the pre-control level if the 
salmonella-program had not been implemented, the program has reduced the occurrence of
human salmonellosis in Denmark by approximately 1,000 registered cases in 2002 (Nielsen et
Korsgaard 2003). 

The overall goal for the current Danish salmonella control program is to reduce the salmonella
prevalence in pork from 1.7% in 2001 to a maximum of 1.2% in 2006. In order to achieve this, a
new strategy needed to be developed an implemented. The Danish swine industry covers the
majority of the expenses of the control program, and the industry consequently decided to con-
duct a cost-effectiveness study in order to achieve the optimal salmonella reduction at the lowest
possible costs. 

Materials and Methods Salmonella-reducing measures along the entire production chain were
evaluated based on the following criteria: practical experience, literature, salmonella-reducing
effect, costs, how easy or difficult the measure is to implement under practical conditions, and
finally estimated consumer perception. After a first phase evaluation of possible salmonella reduc-
ing measures, 9 measures/ initiatives were selected for the final cost-effectiveness analyses.
Each measure was scored with respect to: effect, easiness to implement, expenses over 15
years, 1-year costs, and ability to attain the goal of 1.2% salmonella in pork by 2006.

Results of approximately 16000 pooled swab samples from the Danish Salmonella surveil-
lance of carcasses were used for the calculations. At each slaughterhouse, five randomly selected
carcasses per slaughter day are swabbed at three defined areas (the hind leg near the tail, the
sternum, and the jowl. The three areas are swabbed with the same gauze pad, and the pads from
the five carcasses sampled on the same day are analyzed as one pooled sample (Sørensen et al.
2001). The samples originated from 22 slaughterhouses associated with the Danish Bacon and
Meat Council. The samples covered the period from January 1 2001 to June 1 2004. 

For each sample all 5 carcasses were identified by the herd register number. For these herds,
serological samples from the Danish serological surveillance were obtained from the Danish
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Zoonosis Register. Based on the previous 3 months samples, the Salmonella-index (Alban et al.
2002) of each herd was calculated. Seven different herd strata were defined, based on the index.
The lowest level was defined as herds with 0 positive samples. The rest of the herds were strati-
fied with an interval of 10 index-points up to 40, from 40-69 was defined as level 2, and from 70-
100 as level 3, according to the Danish classification. The carcass with the highest level then
classified each pool. 

Based on these results a spreadsheet model for each scenario was constructed. The model
was used to calculate the carcass prevalence after initiating the scenario. An important part of
this was to calculate the number of pigs/herds that had to be affected by the implemented
changes, in order to obtain the necessary reduction to 1.2 % in pork. These figures were then
used for the cost-effectiveness analyses. 

For the feed-interventions in the primary production, we estimated the effect by using data
sets from epidemiological studies. The distribution of herds in the different levels after changing
into home-mixed feed was assumed to be identical to the distribution of herds already using
home-mixed feed. For organic acids we assumed the effect to be similar to the effect of home-
mixed feed.    

The cost calculations were split into two. First, the net present value of the total costs of
each scenario was calculated for a 15-year period (reflecting the estimated life span of home-mix-
ing equipment). Next, the first year costs were calculated including both investment costs and
first-year variable costs. This was done to illustrate the differences between scenarios, as some
involve high investment costs and low annual costs and others the opposite.

Results The overall results of the cost-effectiveness analyses are shown in table 1. None of the
measures in primary production are separately able to give a sufficient reduction in pork.
Additionally, it is considered to be difficult or very difficult to force farmers to implement the
measures due to the associated high costs. From a legal point of view it is also unlikely to be a
part of a future Danish legislation. The currently known salmonella-reducing measures used in
the Danish swine herds are able to bring herds from a high infection level to a moderate-low
level, the measures are not able to eliminate the salmonella infection.  

Increased hygienic focus on slaughterhouses and use of decontamination appears to be

Scenario
Easiness to
Implement

Effect

Present
value of

costs 
(15 yrs)

1-yr
costs

Goal
reached
in time?

Increased salmonella reduction in all
severely infected herds

Difficult Little ÷155 n.c No

All herds use home mixed feed Very difficult Little ÷357 366 No

Organic acids in feed to all finishers Very difficult Little ÷92 8.6 No

Separate transport & slaugther of level 0
swine

Difficult Moderate ÷50 5.2 No

Increased hygienic focus on slaughter-
houses with salmonella above the average

Possible
Moderate-

good
n.c. n.c. Yes

Hot water decontamination of herds mod-
erate or severely infected with salmonella

Difficult Good ÷22 3.4 Yes

Hot water decontamination of all swine 
at selected slaughterhouses

Possible Good ÷7.5 - ÷11
2.4-
3.2

Yes

Steam decontamination of all carcasses
at selected slaughterhouses

Possible
Moderate

- Good
÷13 - ÷22

1.6-
2.7

Yes

Hot water decontamination of all finishers Difficult Good ÷23 12 Yes

Table 1. Results of the cost-effectiveness analyses of 9 different scenarios to reach a goal of max. 1.2% Salmonella in
Danish pork. All costs are given in million Euro. n.c. = Not calculated.
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more promising methods to reach the goal. None of the measures are easy to implement but
possible or even difficult to implement under practical Danish slaughterhouse conditions.
Increased hygienic focus on slaughterhouses, where all single steps on the slaugther line are
evaluated and optimized from a hygienic point of view, should give a moderate to good result
depending on the equipment and management of the slaughterhouse.

Decontamination of carcasses by hot water appears to be the single most effective measure,
but in case decontamination by hot water should be applied to millions of Danish finishers, it
would cause a tremendous use of high quality water. 

Steam decontamination of selected critical areas of swine carcasses appears to be an attrac-
tive measure from a cost-effectiveness point of view; even though the efficacy of steaming is less
than that of hot water decontamination. Investments, energy and water use is more attractive for
steaming compared to hot water decontamination. 

Discussion During the last 10 years, the Danish Salmonella Control Program for swine has includ-
ed the entire production chain. The salmonella prevalence in finisher herds has been reduced from
23% in 1993 to 11% in 1999 (Anon. 1998) and the prevalence in pork has declined from calculat-
ed 7% in 1993 to 1.6% in the beginning of 2004. This is achieved by the currently known and
used measures. However, over the last couple of years no further reduction in the number of
seropositive finishers has been achieved. Apparently, it has become increasingly more difficult to
reduce the seroprevalence further with the known salmonella reducing methods. Obviously, new
solutions for further salmonella reduction needed to be identified.

In order to meet the goal of a maximum of 1.2% Salmonella in Danish pork in 2006 it has
been important for the swine industry, which covers the majority of the cost of the salmonella
control plan, to establish a solid decision platform before new initiatives are decided and become
implemented. The present cost-effectiveness analysis is a decision tool assisting the industry in
where to put the future focus in the salmonella control program. The calculation of the costs of
the different scenarios is highly dependent on the quality of the available data. All data used have
a certain degree of uncertainty and the calculated costs should therefore be interpreted with
some care.To achieve a significant impact from further reduction in the primary production
requires that herds not only have to reduce the level from highly infected level 2 and 3 to level 1,
but that a large part of the herds can reach a “near to” zero level. This is due to the fact that more
than 80% of the Salmonella in the Danish primary production can be found in level 1. So far the
only known intervention to reach this level is depop-repop, but this would require depop-repop of
the majority of Danish herds at a very high cost. 

Conclusions The cost-effectiveness study showed that further pre-harvest initiatives using the
currently known measures can not reduce the salmonella prevalence in Danish pork sufficiently.
At the present stage of the Danish Salmonella Control Program only intensified focus on slaugh-
terhouse measures, like decontamination and intensified hygiene, can reduce the prevalence of
Salmonella in Danish pork. The Danish Bacon and Meat Council have subsequently decided to
intensify the focus on slaughterhouses and not to initiate more pressure on herds.
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COST-BENEFIT ANALYSIS OF MEASURES TO REDUCE
SALMONELLA IN DANISH PORK 

Stine Gissel Goldbach* & Lis Alban
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Email: sgg@danishmeat.dk

Abstract The Danish control program for Salmonella in pork was initiated in 1995, and since then
the number of human cases of salmonellosis in Denmark has dropped significantly. The question
is, how further reductions can be attained in a cost-effective way. To address this issue, four
essentially different alternatives to the existing control strategy for Salmonella in pork were ana-
lyzed and compared: A) hot water decontamination of all pigs at slaughter combined with reduced
surveillance, B) sanitary slaughter of pigs from herds with higher levels of Salmonella, C) use of
home-mixed feed in herds with slaughter pigs and D) use of acidified feed for slaughter pigs. 

The analysis was carried out as a traditional cost-benefit analysis (CBA). The results clearly
indicated that only hot water decontamination combined with reduced surveillance was socio-
economically profitable. Thorough sensitivity tests were carried out, and they indicated that the
conclusions were robust.

Introduction The national Danish control program for Salmonella in pigs and pork was initiated in
1995. Since then, the number of human salmonellosis cases attributable to pork has dropped sig-
nificantly. For example, in 1995 approx. 1,100 human cases were ascribed to Danish pork, where-
as in 2003 the number of cases had declined to 202 (Anon., 2004). Since May 2002, the
Salmonella control program has been administered by the Danish Bacon & Meat Council (DBMC).
This implies that the costs of the program are now paid entirely by the pig industry, and efforts
are ongoing to optimize the program economically without jeopardizing food safety.

The surveillance consists of two parts: a herd monitoring program based on serology and fol-
low-up bacteriology (Alban et al. 2002); and post-chill monitoring of pig carcasses based on bacte-
riology (Nielsen et al. 2001). Farmers with high levels of Salmonella in the herds are financially
penalized through deductions in the slaughter price.  

The level of Salmonella in pigs and pork can be reduced by implementing control measures
either pre-harvest or post-harvest. The purpose of the analysis presented here was to investigate
the socio-economic profitability of four different control strategies along the entire production
chain—from stable to table.

Materials and Methods Data were provided mainly by DBMC and the Danish Zoonosis Centre.
Where no data were available, assumptions and parameter values were based on expert opinion. 

The data included the most recent number of registered human cases, estimates on the level
of un-registered human cases, the distribution of cases on different severity categories including
number of days sick and lost work days, and death risks associated with sickness. With respect
to the valuation of the costs of the human cases, the data included estimates on the value of “a
statistical life”, the costs of pain and suffering as well as the costs of consultation in general prac-
tice, culture of faecal samples, hospitalization and surgery.

Furthermore, the data material included assumptions on the future pig production and the sal-
monella prevalence in fresh pork, as well as estimates on the costs of the present salmonella
control program to farmers, DBMC and slaughterhouses.

With respect to the four strategies analyzed, the data included the potential reduction in
Salmonella, the investment costs of the different strategies as well as changes in production
costs and maintenance costs either on farms or at slaughterhouses following the investment.

The strategy for controlling for Salmonella in pigs in Denmark is partly a political issue.
Therefore, in our analysis we included not only the possible costs and benefits to the pig industry,
but also the costs and benefits to society – i.e. public health. A systematic way to do this is by
using a cost-benefit analysis (CBA), in which all costs and benefits to different groups in society
that are directly or indirectly affected are described and assessed. In our case, the affected
groups are the consumers, the pig industry (farmers, DBMC, and slaughterhouses) and the public
budget (representing tax payers). 
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Results The following risk-mitigating measures were analyzed:
A hot water decontamination of all pigs at slaughter combined with reduced surveillance 

pre-harvest and post-harvest. 
B sanitary slaughter of pigs from herds with high levels of Salmonella.
C use of home-mixed feed in all herds with slaughter pigs. 
D use of acidified feed for all slaughter pigs. 

In the analysis of the four alternatives, some important general assumptions were made. First, it
was assumed that a given decrease (%) in the number of infected pigs would result in the same
decrease (%) in Salmonella-infected pork, which again would lead to the same decrease (%) in
the number of human salmonellosis cases. 

Second, it was assumed that the registered cases of human salmonellosis represent only 12.5%
of the total number of cases (mid-value of the interval 5% to 20% estimated by Nielsen &
Korsgaard (2003)). Therefore, the “true” number of human cases was assumed to be 1,208 in 2003. 

Finally, it was assumed that there is no productivity loss associated with sub clinical
Salmonella in a pig herd (Schwartz, 1999).

By definition, all of the alternatives would imply fewer cases of human gastroenteritis attribut-
able to fresh pork. The estimated effect on human cases is outlined in Table 1. Hence, consumers
as a group would benefit from fewer days of sickness as well as fewer deaths seen over the
years. National authorities would benefit from reduced health care expenses as well as decreases
in lost production because of sickness. Furthermore, in alternative A the national authorities’ exist-
ing annual expenses on Salmonella control would be reduced.

In the hot water decontamination alternative, the farmers would benefit from a reduction in
the Salmonella surveillance costs as well as from a cancellation of the penalty system, and
DBMC would reduce annual expenses on Salmonella control. Slaughterhouses, on the other
hand, would incur the costs of hot water decontamination. Although their existing yearly expens-
es on Salmonella control would be reduced, they would at the same time lose income from
penalties. Furthermore, hot water decontamination of all slaughter pigs would require major
investments in facilities and buildings and would result in increased maintenance costs and pro-
duction costs.

Sanitary slaughter would not affect the pig farmers or DBMC, but the slaughterhouses would
suffer increased production costs because the number of sanitary slaughterings would increase
significantly (from approximately 100,000 pigs to 700,000 pigs).

Using home-mixed feed would decrease the level of Salmonella in the stables and thus result in
reduced slaughter price penalties paid by the farmers. However, the introduction of mandatory
home-mixing of feed would necessitate major investments in home-mix feeding systems for a large
number of farmers. Furthermore, there would be productivity effects (increased feed use, decreased
mortality, reduced daily weight gain, decreased feed price, increased work time and increased ener-
gy use) associated with feeding home-mixed feed instead of ready-mixed feed (unpublished results,
DBMC). These productivity effects were included in the analysis. Implementing home-mix feeding

Table 1: The estimated yearly effecta on “trueb” human incidences of salmonellosis and yersiniosis resulting from four differ-
ent national strategies against Salmonella in Danish pork, 2004 
a: A yearly decrease in number of dead of e.g. 0.2 means that one life is saved on average every 5 years. An * means that
the figure is not zero but only rounded to zero. A “–“ means that the strategy has no effect on Yersinia.
b: The registered number of cases is scaled up to account for the un-registered cases.

Strategy regarding reduction of Salmonella in pork

Effect per year
Hot water 

decontamination
Sanitary 
slaughter 

Home-mixed
feed 

Acidified 
feed

Salmonellosis:

Decrease in salmonellosis 90% 7% 42% 50%

Decrease in # of dead persons 2.6 0.2 1.2 1.4

Decrease in salmonellosis cases 1087 85 511 604

Yersiniosis:

Decrease in yersiniosis 70% 3% - -

Decrease in # of dead persons 0.4 0* - -

Decrease in yersiniosis cases 837 33 - -
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systems on all pig farms would not directly affect the DBMC, but the slaughterhouses would experi-
ence a decrease in income from penalties, which would be partly compensated by a decrease in
annual production costs because of fewer sanitary slaughterings.

Feeding acidified feed would decrease the Salmonella occurrence in the herds, thereby result-
ing in reduced slaughter price penalties paid by the farmers. However, data were not available to
obtain an estimate of these reductions, and therefore the penalties are not included in the analy-
sis. This, however, does not influence the final result, as the benefit to the farmers of reduced
penalties offsets the costs to the slaughterhouses. The increase in feed price combined with
changes in productivity (decreased feed use, decreased mortality and increased daily weight gain,
unpublished results, DBMC) would increase production costs. The alternative would not directly
affect the DBMC, but the slaughterhouses would experience a decrease in income from penalties
(not included), which would be partly offset by a decrease in production costs because of fewer
sanitary slaughterings. 

In the calculations of the net present value of each scenario, we used a real interest rate 
of 6% as recommended by The Danish Ministry of Finance (Anon., 1999). The time period was
set to 15 years.

The calculations showed that only hot water decontamination of all slaughter pigs combined
with significant reductions in the present Salmonella control program would be profitable from a
socio-economic point of view as it had a positive net present value of EUR 14.6m (Table 2).
Furthermore, it can be seen from Table 2 that, regardless of the alternative chosen, it is the pig
industry (the sum of farmers, DBMC and slaughterhouses) that would have to pay for the bene-
fits to the rest of society. The least profitable alternative – from a socioeconomic point of view –
was use of home-mixed feed (EUR -343.9m), whereas sanitary slaughter (EUR –47.6m) and use
of acidified feed (EUR –76.7m) were non-profitable but less expensive (Table 2).

A sensitivity analysis was carried out as a simultaneous analysis of the importance of uncer-
tainties in parameter values. The sensitivity analysis showed that the decontamination alternative
combined with reduced control was the most profitable alternative because the net present value
was above zero in 90% of the simulations. By comparison, acidified feed showed a net present
value greater than zero in only 2% of the simulations. For the last two alternatives, the net pres-
ent value was below zero in all simulations.

Discussion Our analysis rested on the assumption of a linear relationship between the
Salmonella prevalence in the primary production, the prevalence in fresh pork, and the number of
human cases of salmonellosis. This is a simplification. There are indications that changes in the
prevalence in pigs will result in smaller changes in the prevalence in pork. (Alban & Stärk, 2002).
This would imply that the net present values of home-mixed feed and acidified feed would be
even more negative.

The controversial issue of assigning a monetary value to life—albeit a statistical life—may be
partly omitted by calculating a break-even value, i.e. the value that would balance the sum of
costs and the sum of benefits. For hot water decontamination combined with reduced control,
this value is EUR 0.3m, for sanitary slaughtering it is EUR 21m, for home-mixed feed it is EUR
31m, and for acidified feed it is EUR 6m. Such a break-even analysis does not exempt the deci-
sion maker completely from (at least indirectly) assigning some kind of monetary value to life, but

Table 2: Results of a cost-benefit analysis of four different national strategies against Salmonella
in Danish pork, 2004. aNet benefits without penalties. bDanish Bacon & Meat Council.

Discounted net benefits 
(million  EUR) for 2005-2020

Hot water
decontamination

Sanitary
slaughter

Home-mixed
feed 

Acidified
feed   

Net benefits, consumers
Net benefits, national authorities
Sub total

23.5
14.4
37.9

1.9
0.7
2.5

8.9
2.6
11.5

11.6
3.4
15.0

Net benefits, farmers
Net benefits, DBMCb

Net benefits, slaughterhouses

21.5
8.5

-53.3

-
-

-50.1

-354.5
-

-0.8

-95.0a

-
3.3a

Sub total pig sector -23.3 -50.1 -355.3 -91.7

Total net present value 14.6 -47.6 -343.9 -76.7
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it will serve to emphasize the relative profitability of the alternatives. Irrespective of a CBA being
carried out, when decision makers choose an alternative, the choice will reveal some kind of rela-
tive valuation of the aspects of the alternatives – including an implicit relative valuation of money
costs and saved lives.  

Our analysis showed that hot water decontamination combined with reduced surveillance is
the only socio-economically profitable alternative. There are, however, other aspects of this alter-
native that could not be included in the CBA but are still important when a decision needs to be
made. These include the possible reduction in human campylobacteriosis, possible effects on
demand, the intensive use of water and the question of whether the level of Salmonella in the
herds would increase if the existing Salmonella control program were largely cancelled. Likewise,
there are aspects of the other alternatives that were not included in the CBA and that have to be
considered separately, e.g. the problem of the required legislation if the use of home-mixed feed
were mandatory.

Conclusion In conclusion, the CBA has shown that hot water decontamination in combination
with significant reductions in the existing Salmonella control program was the only socio-econom-
ically profitable alternative of those investigated. Moreover, the sensitivity analysis indicated that
this conclusion was robust. 

The results of the CBA should be seen as one part of the decision-making basis concerning
alternatives to the existing Salmonella control program. For hot water decontamination there are
other concerns that might influence the final decision. Also, it should be borne in mind that other
decontamination procedures that require less space and water consumption are in the pipeline. 
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THE INTENSIFIED CONTROL PROGRAM FOR 
SALMONELLA IN DANISH PORK
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Abstract The intensified control program for Salmonella at Danish slaughterhouses was imple-
mented in May 2002 in order to identify slaughterhouses that have an increased prevalence of
Salmonella in pork over a period of time. These slaughterhouses must intensify their efforts to
reduce the Salmonella prevalence. The surveillance is based upon carcass swab samples. The
results of the samples are evaluated for each slaughterhouse every month, and the evaluation is
based upon results from the latest 12 months. Slaughterhouses with a Salmonella prevalence of
2.2% or more on individual carcasses are noted, and if a slaughterhouse is noted 4 times during a
6 months period, it is obliged to start an intensified Salmonella control program. The intensified
program has so far lead to a reduction of the Salmonella prevalence in pork from 1.7% to 1.4%.

Introduction In Denmark an ongoing surveillance of Salmonella in pork has been implemented
since 1993. The surveillance has been optimised and extended in order to further reduce the
Salmonella prevalence in pork. In 2001 the Danish pork industry made an agreement with the
Danish authorities, that by the end of 2006 the Salmonella prevalence in pork must be reduced
with 27% compared to the prevalence in 2001. By the 1st of May 2002 an intensified control pro-
gram for Salmonella at the slaughterhouses was introduced. The aim of this program is to identify
slaughterhouses that have an increased prevalence of Salmonella over a period of time. The
slaughterhouses must identify the cause of the Salmonella contamination, work out an interven-
tion plan and implement the initiatives necessary to reduce the prevalence.

Materials and Methods Since the 1st of January 2001 the surveillance of pork has been based
upon carcass swab samples taken after 12 hours of cooling. From each carcass three areas of 100
cm2 are sampled, yielding a total of 300 cm2. The areas sampled are 100 cm2 on the hind leg near
the tail, 100 cm2 near the sternum and 100 cm2 on the jowl. These sampling areas are the same
as the ones described by FSIS, USA, for slaughterhouses, who want to export to the USA. From
each slaughterhouse, slaughtering more than 200 pigs daily, 5 carcasses are sampled every day,
and the 5 swab samples are analysed as 1 pooled sample. The results are evaluated for the latest
11 days of slaughter, and if more than 1 sample is positive actions must be taken (Anon., 2005).
This surveillance will reveal acute Salmonella problems.

The intensified control program is based upon the same samples as described above, but
here the results for the latest 12 months are evaluated monthly. This period will provide a suffi-
cient number of samples to ensure statistical confidence, when a slaughterhouse is noted.
Slaughterhouses with a Salmonella prevalence of 2.2% or more on individual carcasses are
noted, and if a slaughterhouse is noted 4 times during a 6 months period it is obliged to start an
intensified control program (Anon., 2005).

When an intensified control program is started, the slaughterhouse has 1 month: To take sam-
ples to identify the cause for the Salmonella contamination if possible, to work out an interven-
tion plan and to implement the initiatives necessary. Within the following 6 months the slaughter-
house must document a lasting effect of the initiatives taken. This can be done in two ways:
Either the Salmonella prevalence is again below 2.2% or the slaughterhouse has none or only 1
positive sample monthly in 4 months out of the 6 months. If the time limit is not kept the authori-
ties can demand further initiatives taken.

Results During the first 3 years after implementation 5 slaughterhouses out of 18 slaughterhous-
es members of the Danish Bacon and Meat Council have had to start an intensified control pro-
gram. Two of the 5 slaughterhouses have had to start the intensified program twice, given a total
of 7 episodes. All of these slaughterhouses but 1 are out of the intensified program again. Five
times the slaughterhouses have been able to reduce their Salmonella prevalence within the time
limit while 2 slaughterhouses have exceeded the time limit. The authorities have not demanded
further initiatives taken. 
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The Salmonella prevalence in pork from slaughterhouses members of The Danish Bacon and
Meat Council was 1.7% by the end of 2001. By the end of 2004 the prevalence was reduced to
1.4%. In 2006 the prevalence must be further reduced to 1.2%. 

For the Danish Bacon and Meat Council the first 3 years of experience with the intensified
controlled program has shown, that as soon as a slaughterhouse is noted for the first time, a
major program is started at the slaughterhouse in order to locate the source of Salmonella con-
tamination. With a sporadic prevalence with 2 or 3 positive samples a month, this work can be
very difficult and requires many samples taken over a period of time. This sampling often includes
samples from both the unclean and the clean part of the slaughter line. 

An increased prevalence of Salmonella may also be caused by introduction of automatic
equipment or by introduction of new staff on the slaughter line, but these circumstances seldom
influence the slaughter hygiene for more than 1 or 2 months. 

The initiatives taken to reduce the Salmonella prevalence are highly individual and vary from
slaughterhouse to slaughterhouse. Some are improvements or changes in routines that can be
implemented immediately. Other initiatives are long-term investments, which takes time to imple-
ment.

Conclusions By implementing a surveillance that intensifies the focus on slaughterhouses with
the highest prevalence of Salmonella in pork, it has been possible to reduce the prevalence from
1.7% to 1.4% over a period of 3 years. 

Reference
Anonymous, 2005. Fødevarestyrelsens bekendtgørelse nr. 112 af 24. februar 2005 om Salmonella hos kvæg og svin m.v.
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CORRELATION BETWEEN COLOR OF MEAT JUICE SAM-
PLES AND SALMONELLA ANTIBODY LEVELS IN THE
DANISH MIX-ELISA

Niels C. Feld1, Lars Ekeroth1, Vibeke Møgelmose2, Bent Nielsen2*
1Danish Veterinary and Food Research, Copenhagen, Denmark.2Veterinary and Food Advisory Service, Danish Bacon and Meat
Council, 3 Axeltorv, DK-1609 Copenhagen V, Denmark. ben@danskeslagterier.dk 

Abstract A mandatory salmonella control program for swine has been conducted in Denmark
since 1995. Finisher herds are examined for Salmonella antibodies by use of meat juice samples
taken from carcasses at the slaughter plant. 

This study report for the first time the risk of false positive meat juice samples due to dark
stained meat juice samples. When the neck muscle m. sternomastoideus is used for meat juice
production, a strong correlation between dark staining and seroprevalence is demonstrated.
Approximately 3-5% of the samples were considered to be too dark stained. When the psoas
minor muscle was used no correlation was found. The study highlights the importance of correct
sampling of meat in order to avoid dark meat juice samples, and allow too dark meat juice sam-
ples to become excluded from the monitoring. 

Introduction Since 1995, a nationwide and mandatory salmonella control program for swine has
been conducted in Denmark (Nielsen et al. 2001). As part of the program finisher herds are exam-
ined for salmonella antibodies by use of meat juice samples taken from carcasses at the slaugh-
ter plant. 

Previous research has documented a clear correlation between antibody levels in serum and
meat juice by examination in the Danish salmonella Mix-ELISA (Nielsen et al 1998). Two different
muscles are normally used for meat juice production, m. sternomastoideus in the neck or m.
psoas minor in the pelvis region. Serum samples are diluted 1:400 and meat juice samples 1:30
respectively, in order to obtain comparable results between serum and meat juice.

Correctly taken meat samples for meat juice shall not contain blood clotting on the surface or
larger blood veins as this may affect the ELISA result, since blood contains 10 times more anti-
bodies compared to meat juice. However, under the current practical sampling conditions 1-10%
of the 580.000 annual examined samples appear by visual inspection to be more or less dark
stained with blood. The prevalence of dark stained samples is highly slaughterhouse depended.
These samples constitute a risk for false positive results in the surveillance.  In order to examine
the correlation between the degree of dark staining in meat juice due to blood contaminated sam-
ples and the ELISA result, the following investigations were carried out.

Materials and Methods Different concentrations of meat juice were scanned in order to find the
absorbance spectrum for meat juice. Using a visual wavelength at which meat juice only absorbed
weakly could be used for detection of relative concentration of blood mixed with meat juice.

All routine meat juice samples received during 3 weeks in March 2005, representing all major
Danish slaughter plants, were included in the study. A total of 38,532 samples were examined,
27,814 from the neck and 10,718 from the psoas. After pre-dilution 1:30 and application to ELISA
wells, absorbance for meat juice samples was examined in an OD reader at 450 nm.
Subsequently, the salmonella antibody results for the samples expressed as OD% were correlat-
ed with absorbance at 450 nm. Additionally, the origin of the meat sample, m. psoas minor or m.
sternomastoideus was included as an explanatory factor. Statistical calculations were made using
the SAS software. 

Samples were divided into groups based on the absorption at 450 nm. From zero to 600
absorption units each group comprised 100 absorptions units and the last two groups were divid-
ed into 400 and 500 absorptions units due to few data in these intervals.

For each group the percent positive samples were calculated together with the percent of
samples in relation to total samples. Using Excel spreadsheet the calculation and graphics were
done for all samples and subsequently for the samples divided by muscle group. 

 



Results A peak absorbance at 410 nm was
found for meat juice and at 450 nm there
was only a week absorbance. Visual inspec-
tion of the ELISA plates with diluted sam-
ples showed that dark stained samples due
to blood mix, correlated with increased
absorbance at 450 nm. 

The analyses revealed a statistical-
ly significant, positive correlation between
sample staining and antibody OD% when
al samples were analyzed as one group,
Figure 1. The majority of samples had an

absorbance of less than 250 (80%), while 3% of the
samples had an absorbance above 500. In the light
stained sample group the seroprevalence increased

from 5% to 9%, whereas in the dark stained group the seroprevalence started at 20% and
increased to 60%.  

However, when the results were analyzed separately for each muscle group different profiles
were demonstrated. The neck muscle, which constituted 72% of the examined samples showed
a similar correlation as for the total samples shown in figure 1. The m. psoas minor had a signifi-
cant different correlation, Figure 2. A slightly higher seroprevalence was observed in samples with
an absorbance below 250 constituting approximately 80% of the m. psoas minor samples. In con-
trast to the neck muscle samples, the m. psoas minor samples remained at a seroprevalence of
approximately 10% independent of an increasing sample absorbance.

Discussion The described increased seroprevalence among dark stained meat juice samples is
the first report on the risk of false positive meat juice samples due unwanted staining.

The swine salmonella control programs in Denmark, Germany, The Netherlands, Belgium,
Ireland and United Kingdom all use or may use meat juice for the monitoring of the herd sero-
prevalence. Additionally, meat juice may be used in some countries for monitoring of other dis-
eases e.g. Pseudo rabies. Consequently, dark staining of meat juice may have an unwanted effect
on these monitoring programs. It is not possible to predict the proportion of dark stained samples
in the different programs as the Danish experience shows a significant variation between slaugh-
terhouses and between the two investigated muscle groups. 

Variation in meat juice composition is expected as meat juice may be considered as a combi-
nation of residual serum from blood vessels, intracellular liquid from blasted cells and lymph.
Different muscles produce different meat juice due to the variation in muscle composition. The
danger of blood polluting meat juice was recognized when the meat juice testing was developed,
as blood contains 10 times more antibodies compared to meat juice. Due to this it was soon real-
ized, that the heart and the diaphragm muscle could not be used in the ongoing monitoring, as
these meat surfaces frequently are blood contaminated.

During the last year, an increased focus on the importance of correct meat sampling in the
Danish salmonella control program has
been established. The degree of dark
stained meat juice samples was followed.
Followup studies indicate that even small
blood clots on the meat surface or medium
size to larger blood vessels in the surface
of the meat may be the cause of dark meat
juice samples. Consequently, meat with
this should be avoided when sampling
meat for meat juice production. 

The surprising difference between the
neck muscle and the psoas minor muscle
is yet to be explained. Apparently, even
very dark samples from the psoas minor muscle have
not an increased seroprevalence. The authors recog-
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Figure 2. Effect of sample darkness on percent-
age seropositive samples, m. psoas minor. The
calculation is based on results of 10,718 samples.
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Figure 1. Effect of sample darkness on percent-
age seropositive meat juice samples. The calcula-
tion is based on results of 38,532 samples.
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nized that the study on the psoas minor muscle is done on a limited number of samples, and that
the samples may not be sufficient representative.
Additional studies need to be done before a final conclusion may be drawn. 

With the current knowledge, it is possible to improve the sampling of meat for meat juice pro-
duction and to exclude too dark samples from the salmonella monitoring.

Conclusions False positive results in the Danish serological salmonella control program may occur
due to dark staining of meat juice samples. The dark staining is most likely due to blood contamina-
tion of the meat juice. Between 3% and 5 % of the samples may be considered to be too dark.
The study highlights the importance of correct sampling of meat in order to avoid dark meat juice
samples, and allow too dark meat juice samples to be come excluded from the monitoring.

References
Nielsen, B., Alban, L., Stege, H.,  Sørensen, L.L., Møgelmose, V., Bagger, J., Dahl, J., 
Baggesen, D. L. 2001. A new Salmonella surveillance and control programme in Danish pig herds and slaughterhouses. Berl.
Müch. Tierärtztl. Wsch. 114: 323-326 

Nielsen, B., Ekeroth, L., Bager, F., Lind, P. 1998. Use of muscle fluid as a source of antibodies for serological detection of
Salmonella infection in slaugther pig herds. J. Vet. Diagn. Invest. 10:158-163
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SALMONELLA SEROLOGY COMPARED TO BODY
WEIGHT FOR FINISHERS AND SOWS

Dan Bysted*1, Henrik Wachmann1, Hanne Bak2

1Danish Bacon and Meat Council, Axelborg, Axeltorv 3, DK-1609, Copenhagen V, Denmark, Tel.: +45 33 73 27 24, E-mail:
dby@danishmeat.dk;  2Danish Food and Veterinary Research, Copenhagen V, Denmark

Abstract The relation between live body weight and Salmonella OD% for meat juice samples was
investigated for finishers. The result was a seagull shaped curve indicating that the risk of being
seropositive declines with increasing body weight from 60 to approximately 100 kilos and then
rises again. The seagull curve is thought to be a combination of different trends: 1) A declining
seroreaction caused by early Salmonella infection and 2) A higher background level of cross-react-
ing antibodies with increasing age, induced by other Enterobactericeae. A study of 414 sows at
slaughter revealed a significantly higher seroprevalence among sows than among finishers. This is
probably caused by the continuous housing system resulting in repeated boosting of Salmonella
antibodies. The relatively low bacteriological Salmonella excretion rate among sows indicates that
the higher seroprevalence among sows is not necessarily reflecting a higher level of Salmonella
excretion among sows.

Introduction The purpose of the present study was to investigate the connection between
Salmonella serology and live body weight (LBW) in pigs at slaughter and to test the seropreva-
lence among sows in comparison to finishers. The vast majority of finishers are slaughtered at a
LBW close to 100 kilos, but the LBW varies from under 80 to more than 130 kilos of LBW at
slaughter. Serological data and carcass weight for finishers was recorded in a central register. For
sows, serological data and LBW (140-300 kilos) were recorded in a pilot study.

Materials and Methods According to the Danish surveillance and control program (Nielsen et al.
2001), 572,096 finishers were randomly selected for meat juice sampling in 2004. By using the
public Zoonoses Register in the national Danish Central Herd Register, the carcass weight, and
individual number for 542,270 of the finishers from the 17 largest slaughterhouses was obtained.
The carcass weight was transformed into LBW with the formula: LBW = Carcass weight x 1.19 +
7.01 (Personal comm., Danish Crown, 2005). 

In a cross-sectional study, blood samples from 550 sows were taken at a slaughterhouse. The
carcass weight was recorded for 414 sows. For sows, the LBW corresponds to carcass weight x
1.28 (Personal comm., Danish Crown, 2002). 

All meat juice and blood samples were analysed for Salmonella antibodies in the mix-ELISA
used in the surveillance program (Nielsen et al., 1995), and the results were expressed as OD%
(Nielsen et al., 1998). 

The dependency of Salmonella serology on LBW and thus indirectly age, (Vestergaard, unpub-
lished results) was studied using partly the OD% as observed and partly the dichotomized values
obtained by applying two cut-off values used in practice (20 OD% and 40 OD%). The use of a cut-
off corresponds to the state of each animal being regarded as 'positive' or 'negative'.

For the analysis of OD%, simple quadratic regression was used to obtain an OD% versus
LBW curve. Likewise the slope in both sides of the curve could be tested. For the analysis of pos-
itive/negative results, logistic regression was applied in the analogous way. The effect of sow ver-
sus finisher was evaluated using a two-level indicator.

Results The correlation between OD% and LBW for finishers is a seagull shaped curve (figure 1).
Finishers with LBW much lower or higher than 100 kg have significantly higher OD%-values com-
pared to finishers of average LBW (p-value < 0.0001). The lowest OD% corresponds to 102 kilos
LBW, very close to 101 kilos, which is the average LBW at slaughter for Danish finishers. For
sows, a plot of the OD% versus LBW showed no clear correlation (figure 1). Figure 2 shows a
plot of seroprevalence against LBW for sows and finishers where 20 OD% is used as the cut-off.
In this plot the seagull shape for finishers is even clearer (figure 2). However, at cut-off 20 OD%
the seroprevalence for small sows (140-200 kilos LBW) was significatly higher than seropreva-
lence for large finishers of comparable LBW (130-150 kilos) (p-value <0,0001) (figure 2). 

 



Discussion The seagull-shaped
serology curve for finishers is appar-
ently not a 2004 phenomenon.
Danish data from 2001 looks very
much the same apart from small
displacements (Unpublished data).
For finishers, the declining sero-
prevalence in the weight interval 60-
100 kilos (left wing of the seagull
curve) could be explained by the
expected decline in antibody level
by age, indicated by body weight
(Kranker et al. 2003). However, the
rise in seroprevalence in the weight

interval 100-150 kilos (right side of the
seagull curve) was difficult to explain,
because it was assumed that management
factors did not differ for finishers in the
weight interval 60-150 kilos. A partial expla-

nation could be a higher background level of cross-reacting antibodies with increasing age,
induced by other Enterobactericeae (E. coli, Yersinia and Citrobacter) (Nielsen et al.1995). The fact
that the average LBW at slaughter corresponds to minimal Salmonella serological values is an
interesting coincidence. 

For sows, our data are parallel displaced to a significantly higher level compared to finishers
(figure 2). This is probably caused by the continuous housing systems for sows, resulting in
repeated reinfections with Salmonella and boosting of Salmonella antibodies. Our data show that
increasing sow body weight, as an expression of age or parity, does not result in a higher sero-
prevalence at cut-off 20 OD%. 

Very few studies have looked at the association between Salmonella bacteriology and serolo-
gy in sows. In Denmark, a relatively low Salmonella excretion rate among sows has been found
previously (Nielsen, unpublished results; Kranker et al., 2003), indicating that the higher sero-
prevalence among sows is not necessarily an expression of more Salmonella excretion among
sows than among finishers. 

Conclusions For Danish finishers, the Salmonella serology is related to body weight. The
Salmonella OD% was lowest around 100 kilos LBW and slightly higher with increasing or
decreasing body weight. Sows have significantly higher Salmonella seroprevalence than finish-
ers, but for the sows no significant correlation to LBW was found. 
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Figure 2. A plot of seroprevalence against live body weight
(60 to 300 kilos) for finishers and sows at cut-off 20 OD%.
The vertical lines close to the center of the two curves
represent the overall average LBW at slaughter for finish-
ers and the average LBW in the pilot project for sows.

Figure 1. A plot of OD% against live body weight for finishers
and sows. OD%-values from sows below 11 were set to 11 in
order to compare with the finishers, where OD%-values
below 11 are excluded by the laboratory. The curves represent
the weight specific means for finishers and sows respectively.
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SURVEILLANCE OF SALMONELLA IN LOW PREVALENCE
SWINE HERDS IN DENMARK

Claes Enøe*, Henrik Wachmann, Jaap Boes 
The National Committee for Pig Production, Danish Bacon & Meat Council, Axelborg, Axeltorv 3, DK-1609 Copenhagen V,
Denmark. Ph: +45-33-73-25-88, Email: cen@danishmeat.dk

Abstract The nation-wide Danish Salmonella surveillance and control program in finisher herds is
primarily based on the monitoring of the presence of specific antibodies against Salmonella en-
terica in meat juice from carcasses. 

The pig industry is aiming at reducing the expense of the serological surveillance program,
without jeopardizing food safety. This can be done through reduction of the number of meat juice
samples taken at slaughter. 

Simulation using surveillance data indicated that the number of meat juice samples from
herds with a zero or low seroprevalence of Salmonella could be reduced to one per herd per
month without a resulting decrease in the overall proportion of seropositive pigs slaughtered
under special hygienic conditions. The estimated net reduction in expense was $293,355 per year.

Introduction In the nation-wide Danish Salmonella surveillance and control program (Mousing et
al., 1997; Nielsen et al., 2001), the prevalence of Salmonella enterica in finisher herds is moni-
tored serologically at slaughter, by use of a mix-ELISA for detection of antibodies in meat juice
(Nielsen et al., 1998). The mix-ELISA includes several S. enterica lipopolysaccharide antigens (O-
antigens; 1, 4, 5, 6, 7 and 12) (Nielsen et al., 1995). This combination of O-antigens theoretically
covers at least 93% of the S. enterica serovars that have been isolated from Danish pigs (Bagge-
sen et al., 1996). 

The rationale behind the serological surveillance program is the assumption that the S. enteri-
ca infection level is a proxy measure of the risk of processing pigs infected with S. enterica from
a given herd in the abattoir (Mousing et al., 1997). This assumption has been supported by a study
that shows a clear association between herd serology and the risk of identifying Salmonella bac-
teria on the carcass (Sørensen et al., 2004). 

To deal effectively with the risk of processing pigs carrying Salmonella, herds are assigned into
3 S. enterica infection levels each month: Level 1, herds in which the S. enterica seropreva-lence is
considered to be low and acceptable; Level 2, herds with a moderate seroprevalence of S.
enterica; Level 3, herds with an unacceptably high seroprevalence of S. enterica (Mousing et al.,
1997). Pigs from herds categorized in Level 3 are slaughtered under special hygienic precau-tions.
The criteria for assigning herds into levels 1, 2 and 3 depend on the proportion of positive meat
juice samples and the annual kill from the herds. For details on the original program, please refer to
Mousing et al. (1997). The criteria for assigning the infection levels were modified in August 2001
(Nielsen et al., 2001; Alban et al., 2002). Currently, the proportions of S. enterica seroreactors in
the previous 3 months are weighted by 0.2:0.2:0.6 and averaged. Herds are as-signed to level 1, 2
or 3 when the weighted average is <40, 40-69 or >69, respectively (Nielsen et al., 2001; Alban et
al., 2002). The weighted average is named the serological Salmonella index. The effect of weighting
the Salmonella index is that herds may be assigned a higher or lower level one month earlier than
in the previous classification system. The net result of this is a potentially better correlation
between possible shedding of Salmonella and the special precautions taken at slaughter. 

The number of carcasses that should be examined from each herd is determined each month
based on the number of pigs slaughtered in the previous 13 weeks. The sampling scheme has
been described in detail elsewhere (Mousing et al., 1997). The sampling scheme was revised in
August 2001 (Nielsen et al., 2001). At present, 60 carcasses have to be examined from herds with
an annual kill of 201-2,000 pigs, 75 carcasses from herds with an annual kill of 2,001-5,000 pigs
and 100 carcasses from herds with an annual kill larger than 5,000 pigs (Nielsen et al., 2001;
Alban et al., 2002). In 2002, a total of 563.733 meat juice samples were examined from 10,912
herds. Thus the average number of samples per herd per month was approximately 4.3. 

The overall expenses in 2002 on the veterinary surveillance and control of Salmonella amount-
ed to $7.5 million of which the major part was funded by the pig industry (Nielsen et al., 2003).
Therefore, the industry is interested in a reduction of the cost of the serological surveil-lance
through reduction of the number of samples, while at the same time maintaining the current high
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level of food safety. We carried out a database study with the aim to investigate whether the cost
of the serological surveillance program could be reduced, by cutting down on the number of sam-
ples in low prevalence herds in Level 1, without compromising the ability of the surveillance pro-
gram to assign herds to Level 3.

Materials and Methods Meat juice test results and data from the routine meat inspection from
September 2001 to December 2002 were used to calculate the proportion of seropositive sam-
ples and the number of slaughtered pigs each month for finisher herds. 

Data were used to simulate the effect of reducing the monthly number of samples in herds
where the proportion of positive meat juice samples had been zero in 3, 4 and 6 previous
months, respectively (scenarios A, B and C). In addition, in the simulation the number of meat
juice samples per herd was reduced whenever possible to 4, 3, 2 and 1 per month, respectively,
by hyper-geometric sampling from the actual number that had been sampled in the current sur-
veillance program. 

Subsequently, the number of meat juice samples and pigs slaughtered under special hygi-enic
precautions were simulated for each of 16 scenarios, expressed as the mean values of the esti-
mated numbers from 100 iterations of the simulation model and compared with the current sur-
veillance program. 

A random sample of 1.962 herds (1998) with meat juice test results and results from bacte-rio-
logical examination of caecal content was used to estimate the probability of a pig being cul-ture
positive, given that it was seropositive. From this, the number of culture positive pigs slaughtered
under special hygienic precautions was simulated. 

Finally, the net reduction in overall cost was estimated for each scenario using the following
assumptions:

1. The approximate cost of ELISA analysis was estimated at $ 1.8 per meat juice sample.
2. The expenses associated with slaughter under special hygienic precautions were 

estimated at $ 26 per carcass.
3. In finisher herds assigned to level 2 or 3 pen faecal samples are examined for 

Salmonella including typing. The average cost per finisher herd was estimated at $492.5.
4. In sow herds supplying weaners to a finisher herd assigned to level 2 or 3, pen faecal 

samples are examined and typed. The average cost per sow herd was estimated at $470.8.
5. The risk of additional sampling in sow herds was calculated as the proportion of finisher

herds assigned to level 2 or 3 in 2002, where additional sampling was necessary in a 
supplier sow herd ~ 0.3146. 

6. The overall cost attributable to assignment of a finisher herd to level 2 or 3 was 
calculated as $492.5 + 0.3146 x $470.8 = $640.6.

Resullts The scenario yielding the largest reduction in the overall cost of the surveillance program
was A1 (i.e. herds with 0 positive meat juice samples during 3 months being sampled with 1
sample per month). The estimated net reduction in this scenario was $293,355 per year. 

The estimated reduction of number of meat juice samples was 339,521 and the estimated
increase in number of pigs slaughtered under special hygienic precautions was 4,970 per year.

There was an acceptable although not perfect agreement between the two surveillance pro-
grams; the simulated reduced program, and the current surveillance program: 585 herds were
assigned to Level 3 by both programs, whereas 25 herds were categorized as Level 3 herds in
the current program but not in the reduced program, and 48 herds were assigned to Level 3 in
the reduced program but not in the current program. 

The total number of pigs slaughtered under special hygienic conditions from Level 3 herds in
the reduced program and in the current program were: 201,479 and 194,571 respectively. 

The number of seropositive pigs slaughtered under special hygienic conditions in the reduced
program and in the current program were very similar: 101,641 and 100,404, respectively.

The number of culture positive pigs slaughtered under special hygienic conditions in the reduced
program and in the current program were also very similar: 61,728 and 61,259, respectively.

Discussion/Conclusion The results indicate that the cost of the Danish Salmonella surveillance
and control program can be reduced significantly by cutting down on the number of samples in
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low prevalence herds in Level 1. Although there appears to be some discordance in the classifica-
tion of herds between the current and the reduced program, the number of seropositive pigs,
with an increased risk of Salmonella infection, slaughtered under special hygienic conditions in
the 2 programs is similar. This means that the effort to control Salmonella at the abattoir remains
unchanged. The total number of pigs slaughtered under special hygienic conditions actually was
higher (4,970) in the reduced than in the current program. Other things being equal, this will
improve the food safety.

Assuming that the level of Salmonella contamination during the slaughter process attributable
to a seropositive pig is independent of the S. enterica infection level (Level 1, 2 or 3) of the herd
of origin, the reduction can be instigated without jeopardizing food safety with regard to
Salmonella in pork. The risk-based surveillance program is currently being implemented.
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VALIDATION OF A SURFACE PLASMON RESONANCE
BASED ASSAY TO DETECT SALMONELLA ANTIBODIES
IN SERUM OF PIGS 

Manon Swanenburg*, Rinus Bloemraad, René Achterberg, Kitty Maassen
Animal Sciences Group, Department of Infectious Diseases, P.O. Box 65, 8200 AB Lelystad, The Netherlands. Ph: 0031-320-
238960, Email: Manon.swanenburg@wur.nl

Abstract The aim of this study was to develop and validate a novel serological test employing sur-
face plasmon resonance (SPR), that was designed for use on the Biacore Q apparatus to detect
antibodies against Salmonella Spp in pig sera. Salmonella Spp antigens (sero-groups B and D)
were immobilized onto CM-5 sensor chips (Biacore). Test conditions and apparatus adjustments
were optimized. Subsequently, validation was done using positive and negative (“in house”) refer-
ence sera as well as 990 field sera collected at slaughter. A set of 990 sera originating from fin-
ishing pigs were tested in the SPR assay and ELISA. Overall agreement between the two tests
amounted to 92%. From these results it is concluded that the SPR assay in conjunction with the
Biacore Q apparatus is suitable for screening slaughter pigs against Salmonella in a surveillance
program.

Introduction Surface plasmon resonance (SPR) spectroscopy is a label free technology for moni-
toring biomolecular interactions in real time (Turbadar, 1959, Kretschmann and Raether, 1968).
SPR occurs at the surface of a gold film that is adhered to a glass plate (the sensor chip). When
incident light is directed to the gold film it causes electrons on the surface of the gold film to
move in waves (surface plasmons). A prerequisite for this to occur is that the incident light reach-
es the gold film at a certain angle (the resonance or SPR angle). The angle of the reflected light
changes when the refractive index at the sensor surface changes. Since the relation between the
two is linear, the change in resonance angle can be used to measure changes in refractive index
caused by binding of analyte to a covalently immobilized ligand on the sensor chip surface. Hence
the angle value of the reflected light is changed and measured in relative resonance units (rRU).
Events are displayed in real time by a sensorgram on the screen of the computer that instructs
the Biacore Q apparatus.

In Europe a number of countries have started serological surveillance programs for Salmonella
infections in slaughter pigs. Serum or meat drip samples of slaughtered pigs are generally tested
by ELISA of which several are commercially available. The Netherlands initiated a sero-surveillance
program for finishing pigs as of January 2005. This can be done by testing pig sera by ELISA for
the presence of antibodies against Salmonella Spp in sera and/or meat drip (Nielsen et al, 1995,
Van der Heijden et al, 1995, Gabert et al, 1999, Proux et al, 2000). In this paper we describe the
validation of a novel test, based on SPR that detects porcine Salmonella antibodies directed to
sero-groups B and D. Validation of the Salmonella SPR assay has been focused on test character-
istics that determine the validity (specificity and sensitivity). In addition, precision (repeatability
and reproducibility) is discussed. Validation tests have been performed using the Biacore Q appa-
ratus.

Materials and Methods A set of 990 field sera was collected (during 2003/4) from finishing pigs
brought at slaughter. The sera originated from 57 pig holdings with a sample size ranging from 14
to 22. All sera were tested in a 1/5 dilution made in HBS-EP (Biacore). 

With each test run two reference sera were included (Wright et al, 1993). Reference serum 1
is a strong positive serum expected to display approximately 800 rRUs (relative response units).
Reference serum 2 is a negative serum that is expected to result in approximately 100 rRUs
(background signal). The reference sera were tested at the start, middle and end of each test run.
The mean results of the references were used to calculate test results to compensate for wear
and tear of the sensor surface.

Sensor chips were made according to a standard protocol. Briefly, lipopolysaccharides (LPS)
originating from cultures of Salmonella Typhimurium (sero-group B) and S. enteriditis (sero-group
D) were extracted and purified. Subsequently, a mixture of LPS-B and D, with predetermined con-
centrations of the individual constituents, was immobilized onto carboxy-methylated dextran (CM)-

 



O
R

A
L

P
R

E
S

E
N

T
A

T
IO

N
S

101

SafePork 2005

5 chips using a standard aldehyd coupling as described in the manual of Biacore (anonymous,
2003). A sensor chip consists of 4 flow cells and in each flow cell approximately 500 sera can be
tested.   

The testing of a serum sample in the Biacore Q apparatus was a cycle consisting of: (i) injec-
tion of run buffer in the flow system (base line determination), (ii) sample injection (2’), (iii) injec-
tion of run buffer, (iiii) regeneration (removal of bound analyte with a flow rate of 100Ìl per minute
for 20”) of the sensor surface. 

The rRUs are considered to be absolute measurements (raw data), which have to be convert-
ed to normalized data (Jacobson, 1996). To account for variability of test conditions, results are
expressed as a function of the reactivity of one or more reference samples that are included in
each test run (1). For this reason test results of the Salmonella SPR assay are converted to per-
centage positivity (PP) values calculated according to the formula:

PP = (rRU sample minus rRU ref. serum 2 / rRU ref. serum 1 minus rRU reference 2) x 100

The PP value at which sera are considered negative or positive in the SPR assay (cut off value)
was determined using the test results of the set of 990 sera by placing the cut off value at the
point of maximal overall agreement with the ELISA. 

In the absence of a well defined reference serum panel for Salmonella (allowing the calcula-
tion of the absolute SE and SP) the relative SE (sensitivity) and SP (specificity) of the SPR assay
were determined using a commercially available ELISA (Idexx), according to the manufacturer's
instructions. The manual of the ELISA gives several cut off values that can be used. We selected
the cut off value (OD% 40) that was recommended for testing field sera. The 990 sera originating
from finishing pigs were tested in the Salmonella SPR assay and the ELISA.

Repeatability and reproducibility of the SPR assay was determined by testing the 2 SPR refer-
ence sera and a weak positive (WP) and a strong positive (StP) serum. To determine repeatability,
each of the sera were tested 24 times in one flow cell of a routinely produced sensor chip in one
test run of 96 samples. The CV% (coefficient of variation) was calculated using the raw data (rela-
tive resonance units –rRU-) and the normalized raw data (percentage positivity –PP-).  To deter-
mine reproducibility test results have been gathered that were produced in a one month period
(10-09-04/13-10-04). Tests were executed on 4 different Biacore Q apparatuses which were operat-
ed by two technicians. In total all flow cells of 5 chips (BD01, 02, 04, 05 and 06) were used to
their maximum capacity (approximately 500 sera per flow cell). Reference sera were tested in
triplicate per routine test run that consisted of approximately 130 sera.

Results Results of the SPR assay and ELISA are summarized in table 1. In addition, the optimal
cut off for the SPR assay was determined at a value of 30 PP resulting in the highest possible
overall agreement of 92% and Cohen’s kappa of  0,74.

Boxes B and C (table 1) contain the number of sera with conflicting test results. The ELISA
detects more positive sera than the Salmonella SPR assay which results in a lower over all agree-
ment. Consequently, the inferred relative SE and SP of the Salmonella SPR assay amounted to
lower percentages (83% and 94%, respectively). However, from table 2 it can be seen that on
farm level (the intended use of the SPR assay) results vary only slightly. 

The variation of SPR test results measured within one flow cell of a sensor chip differed minimally
resulting in a sufficiently low CV% using the raw data or normalized data (table 3) for the calculation.
All CV% of the reference samples were well below 5% indicating a well controlled test process.  

The CV% for reproducibility of the Salmonella SPR assay was well below 20 when using raw
data for the calculation. Moreover, usual practice is to use
the normalized data for this calculation. The PP values of the
WP and StP sera displayed a CV% well below 10. Results
obtained with the Salmonella SPR assay indicate a well con-
trolled process with reference to the reproducibility.

Discussion Preferably, newly developed tests are validat-
ed using well defined serum panels. Validation of tests for
the detection of antibodies directed against Salmonella
Spp is hampered by the absence of such a panel. For this

Idexx
ELISA

SPR assay

Pos Neg Total

Pos (A)  144 (B)  48 192

Neg (C)  30 (D)  768 798

Total 174 816 990

Table 1: Test results of 990 pig sera obtained
with the ELISA and Salmonella SPR assay.



reason, we chose to compare the Salmonella SPR assay
performance with a commercially available ELISA. The over-
all agreement of the Salmonella SPR assay compared to the
Idexx ELISA (92%) can be considered more than sufficient
to guarantee reliable test results. Moreover, the comparison
has been made with sera originating from individuals while
the intended use of the Salmonella SPR assay is at herd
level. When the sera originating from individual herds are
grouped together, then the results of both tests do not dif-
fer in the sense that e.g. one herd is completely negative
and another test classifies many sera of that herd as posi-
tive. In addition, the relative sensitivity (SE) of the
Salmonella SPR assay with both ELISA’s is 83% coupled to
a specificity (SP) of ~93%. Again, these figures have been
calculated on an individual basis. Considering the results
displayed in table 2 it may be expected that calculated on
herd level the relative SE and SP of the both tests is highly
comparable. Unfortunately, we were not able to calculate
the SE and SP on herd level since we did not have a suffi-
cient number of sera per pig farm for a valid calculation. 

It must be noted that the ELISA manufacturer claims
detection of Salmonella sero-types B, C, and D. Since the Salmonella SPR is based on sensor
chips with immobilized sero-type B and D antigen it may add to slight differences between the
ELISA and the Salmonella SPR assay. However, we found that the serological prevalence of
Salmonella Spp is predominantly determined by sero-type B (data not shown). The determination
of the precision of the Salmonella SPR assay as portrayed by repeatability and reproducibility
resulted in highly sufficient coefficient of variation (CV) percentages. This means that the short-
and long term test performance (that is, reliable test results!) is warranted despite the fact that
conditions (newly produced chips, different batches of active components etc.) vary. 

Conclusions The developed SPR assay to detect Salmonella antibodies in serum of slaughter
pigs was highly comparable with a commercially available ELISA (Idexx). Therefore it can be con-
cluded that the developed SPR assay is suitable for use in serological surveillance programs for
Salmonella in slaughter pigs.

References
Turbadar, T., 1959. Proc. Phys. Soc. (London), 73: 40. 

Kretschmann, E., Raether, H., 1968. Z. Naturf. 230: 2135.

Gabert, J., Schalch, B., Greil, B., Sperner, B., Stolle, A., Weber, C., Kramer, T., 1999. The use of a commercial test system
(Salmotype®- ELISA) for tracing antibodies to Salmonella in the serum of pigs. Proceedings of the 3rd International
Symposium on the Epidemiology and Control of Salmonella in Pork, Washington: 37-41.

Nielsen, B.D., Baggesen, D., Bager, F., Haugegaard, J., Lind, P., 1995. The serological response to Salmonella serovars
Typhimurium and Infantis in experimentally infected pigs. The time course followed by an indirect anti-LPS ELISA and bacte-
riological examinations. Vet. Microbiol. 47: 205-218.

Proux, K., Houdayer, C., Humbert, F., Cariolet, R., Rose, V., Eveno, E., Madec, F., 2000. Development of a complete ELISA
using Salmonella lipopolysaccharides of various serogroups allowing to detect all infected pigs. Vet. Res. 31: 481-490.

Van der Heijden, H.M.J.F., 1995. The development and application of LPS-ELISAs to detect Salmonella infections in swine.
Proceedings of the Symposium on the diagnosis of Salmonella infections, Reno: 88-95.

Wright, P.F, Nilsson, E., van Rooij, E.M.A., Lelenta, M., Jeggo, M.H.,
1993. Standardisation and validation of enzyme-linked immunosor-
bent assay techniques for the detection of antibody in infectious dis-
ease diagnosis. Rev. Sci. Off. Int. Epiz., 12 (2): 435-450.

Anonymous, 2003. Biacore sensor surface handbook. Edition
October 2003, version AA.

Jacobson, R.H., 1996. Manual of standards for diagnostic tests and
vaccines. OIE manual p. 8-15.

102
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

Cut off values 40 30

Farms n ELISA SPR

1 20 4 3

2 12 0 0

3 19 1 0

4 19 1 0

5 20 0 0

6 21 16 17

7 22 2 0

8 20 0 2

9 22 17 16

10 18 13 13

11 18 0 1

Table 2: Selection of test results on farm
level tested by the Idexx ELISA and the
Salmonella SPR assay displaying the
number of positive sera per test and farm

N = 96 Ref 1 Ref 2* Ref 3 Ref 4

Mean 100 0 38 379

Std 2,38 0 1,14 11,49

CV% 2,47 0 3,03 3,03

Table 3: Repeatability statistics of the four refer-
ence samples with test results based on PP val-
ues. *Negative reference sample and the PP
value is per definition zero. 
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OPTIMISATION OF POOLED FAECAL SAMPLES FOR THE
ISOLATION OF SALMONELLA FROM FINISHER PIGS IN GB.

Alasdair JC Cook*, Mark E Arnold & Rob H Davies
Veterinary Laboratories Agency, New Haw, Addlestone, Surrey, KT15 3NB, UK. Email: a.j.cook@VLA.defra.gsi.gov.uk 

Abstract Pooled pen floor faecal sampling represents a simple and non-invasive method to meas-
ure Salmonella infection in pigs. We extended an existing model of the sensitivity of detection of
Salmonella in individual samples to create a mathematical model of the sensitivity of pooled sam-
pling. Parameters for the model were estimated using data obtained by collecting 50 faecal sam-
ples from 2 pig farms. Individual samples of  0.1, 0.5, 1, 10 and 25g were tested and pools of 5,
10 and 20 samples were created from these. For individual samples, the highest test sensitivity
(90%) was found at 10g whilst the 25g test sensitivity was 83%. Sensitivity reduced with sample
weight for samples of less than 10g. Incubation for 48 hours produced a more sensitive test than
incubation for 24 hours. Model results indicated that for pooled samples, the more samples
included in the pool the higher the expected mean pooled test sensitivity.

Introduction Surveys in GB have demonstrated that up to 23% of finisher pigs slaughtered at
quality assured abattoirs may carry Salmonella in their caecal contents (Davies et al 2004). These
represent a potential source of some human cases of salmonellosis and in response, the industry
launched the Zoonoses Action Plan Salmonella Monitoring Programme (ZAP) in June 2002, which
aims “to reduce the prevalence of Salmonella in assured pigs at slaughter by 25%” in 3 years
(British Pig Executive, 2003). ZAP utilises a meat juice mix-ELISA (MJ ELISA) system to detect
antibodies against Group B and C1 Salmonella (van der Heijden, 2001). Farms are assigned a ZAP
score of 1 (<65% of samples positive), 2 (65% - 85% of samples positive) or 3 (>85% of samples
positive) and those that receive a ZAP 2 or 3 score must act to reduce the prevalence of MJ
ELISA positive pigs or face loss of their quality assured status (Armstrong, 2001).

The MJ ELISA measures life time exposure to Salmonella. However, in studies to measure
the impact of intervention measures, we have found it more useful to use microbiological isola-
tion to detect infection. We prefer to collect pooled pen samples because: 

1. stress to the pig is minimised 
2. Salmonella excretion is intermittent and a negative sample may be obtained from an 

infected individual pig; 
3. there is a reduced cost, since sampling is quicker and farm staff can feasibly trained in 

sample collection for large scale studies. 
There is little work in the literature on quantitative estimates of the sensitivity of pooled pen

faecal samples for Salmonella in pigs. A study by Funk et al. (2000) examined the impact of sam-
ple weight on the sensitivity of the test for individual samples. Their results may not be applicable
to GB since there are differences in the serovars of Salmonella encountered and secondly there
are differences in the methods used for isolation – for example, Funk et al (2000) used a selective
enrichment broth whereas we use buffered peptone water. Extrapolation of the results of single
sample sensitivity into theoretical models of pooled sampling (e.g. Evers and Nauta, 2001) gener-
ally assumed that there was no effect of pooling on the sensitivity of the test. However, there
may be unpredictable effects from mixing samples. Firstly, there is a dilution effect from combin-
ing Salmonella positive and Salmonella-free samples. Secondly, there may be various inhibitory
factors in one or more of the individual samples that are combined in a pool that affect growth of
Salmonella. These include the presence of other organisms that compete for nutrients and that
may release metabolic products that inhibit growth of Salmonella, e.g. colicins (Harvey and Price,
1974). Moulds and yeasts may produce antibacterial substances and alcohols through fermenta-
tion. Copro-antibodies and cytokines secreted into the gut by some infected pigs may also be
present at varying concentrations and some samples may contain bacteriophages. As the culture
of a sample progresses the medium becomes progressively more acidic and this, too, inhibits
Salmonella growth (Davies et al., 2000).

We produced a mathematical model of the sensitivity of pooled pen faecal samples for
Salmonella in pigs by extending an individual sample model (Arnold et al 2005; Cannon and
Nicholls, 2002). The model was used to investigate the optimal number of individual faeces to
include in a pooled pen sample.

 



104
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

Materials and Methods The VLA procedure for pooled pen faecal samples comprised pre-enrich-
ment in buffered peptone water (BPW) for 18 hours at 37o C and selective enrichment in Diasalm
agar plates (Merck) at 41.5o C for 48 hours. Selected colonies are inoculated onto a Rambach agar
plate (Merck) for 24 hours at 37o C. Suspect Salmonella colonies were subjected to a slide aggluti-
nation test using a range of typing sera and to the minimum phenotypic criteria for identification
to Salmonella species (Davies et al. 2001). A subculture of each confirmed Salmonella isolate
was submitted for full serotyping and phage typing, where applicable.

Our mathematical model was based on the following assumptions:
< Salmonella is clustered in faeces at the rate of C clusters/g,
< After mixing, Salmonella organisms are homogenously distributed and multiply
< The final concentration of Salmonella organisms in the BPW depends upon:

1. The growth rate of the serovar
2. The growth rate of other organisms
3. The concentration of inhibitory substances, which is directly proportional to the 

sample weight
4. The carrying capacity of the BPW

< To detect Salmonella, it must grow in the Diasalm-Rambach system, which depends on 
the ratio of the number of Salmonella clusters in the faecal sample and the sample 
weight (representing the inhibitory factors) 

< In a pooled sample, an equal mass of faeces is collected from each pig
< The number of Salmonella clusters/g (C ) is the same for all infected pigs, irrespective of 
serovar and faecal consistency
< In a pooled faecal sample C is directly proportional to the prevalence of infected faeces 

in the sample.
< The test sensitivity for a pooled faecal sample with ppool positives out of npool samples,  

u, is

In order to parameterise this formula, we conducted experiments to estimate C and to study
pooling. 

To estimate C, we collected 50 individual faecal samples from each of two farms (A and B).
These were divided into 0.1, 0.5, 1, 10 and 25g samples, each of which was tested for
Salmonella. The data were used to estimate C using a Markov chain monte carlo (MCMC) method
in WinBUGS 3.1.

The same samples were used to create a set of pooled samples – 5x5g, 10x2.5g, 20x1.25g.
Thirty-five replicates of each pooled set were produced from each of the two farms, giving a total
of 210 sets. Samples were randomly allocated to each set without prior knowledge of the individ-
ual sample results. A binomial model was fitted to the pooled testing data using an MCMC
method in Winbugs. 

Results Of the 100 individual faecal samples cultured for detection of Salmonella at sample
weights of 0.1, 0.5, 1, 10 and 25g, 44 were positive for at least one sample weight after 24 hours
of incubation, and 48 were positive after 48 hours incubation.  The increase in detected positives
was largely due to the increased sensitivity of the 25g sample test, which increased from 35 posi-
tives after 24 hours incubation to 40 positives after 48 hours incubation. The corresponding num-
ber of 10g sample positives increased from 42 to 43. There was no observed increase in the num-
ber of detected positives for lower sample weights.

The pooling experiment gave the following results:
< 5x5g Pools There were 18 pools with no samples positive by any of the individual 48 

hour tests. Four of these gave positive tests, indicating that some positive samples were 
not detected by the individual sample tests. Of the remaining 52 pools, 39 gave positive 
tests after 24 hours of incubation and 41 gave positive tests after 48 hours of incubation. 

< 10x2.5g Pools One of 6 pools with no samples positive by any of the individual sample 
48 hour incubation tests tested positive after 48 hours of incubation. Of the remaining 
64 pools, 44 were positive after 24 hours of incubation and 49 were positive after 48 
hours of incubation. 

u(ppool, npool) = 1 - exp ( )Cwppool

npool
( )1-e

p
w (Arnold et al, 2005)
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< 20x1.25g Pools Both pools with no samples positive by any of the individual tests after 48 
hours of incubation tested negative. Of the remaining 68 pools, 45 were positive after 24 
hours of incubation, and 55 were positive after 48 hours of incubation. 

The median value of C = 6.7 (2.5 and 97.5 percentiles: 5.1-8.7). The expected test sensitivity of
a 25g pooled pen sample from a pen of 50 pigs was estimated for the national prevalence of
25% (Davies et al. 2004). This resulted in a test sensitivity of approximately 70% with 20 sam-
ples in the pool. Results indicated an increase in test sensitivity as the number of individual fae-
ces included in the pool is increased, especially for the first 5 individual faeces. This is due to the
increased probability of capturing positive faeces in the pool as the number of individual faeces is
increased.

Discussion The individual faecal test results showed a higher test sensitivity for the 10g sample
than the 25g sample. The difference between the 25g and 10g sample sensitivity was significant
after 24 hours incubation (p=0.02) but not after 48 hours (p=0.63). This was an unexpected finding
and further experiments are needed to clarify whether this was a random event in this study or
whether it is related to the procedures used. Other authors have reported a detrimental effect of
increasing sample weight if a large number of competing microorganisms are present (Leifson,
1936; Harvey and Phillips, 1955). Inhibition of Salmonella growth in the 25g samples is also sug-
gested by the higher rate of positives after 48 hour selective enrichment with these samples. This
finding conflicts with the EU Reference method for Salmonella testing, ISO 6579:2002, which
specifies a 25g sample and 24 hour selective enrichment.

Results from this pooling study indicate close to 100% sensitivity for pools with greater than
50% prevalence of positive faecal samples. This was higher than that observed for the individual
25g samples (approximately 80%). In this study we made the assumption that every sample con-
tained an equal amount of Salmonella inhibiting factors. To our knowledge, very little research has
been done on bacterial growth inhibiting properties in a faecal sample. If local immunological fac-
tors such as copro-antibodies were usually associated with infection in the animal, samples from
infected pigs would contain more inhibiting factors than samples from a healthy pig. Other micro-
organisms may have adapted to the presence of Salmonella in infected pigs and thus be more
competitive to Salmonella than organisms from non-infected pigs. If this is the case, diluting sam-
ples from infected pigs with samples from non-infected pigs may increase the possibility of isolat-
ing Salmonella. This may explain the higher sensitivity in pooled samples compared to individual
samples but more work is needed to elucidate these speculations.

The most frequent serovars isolated from pigs in GB are S. Typhimurium and S.Derby.
However, by chance in this study, the main serotypes were S. Reading (Farm A) and S. Enteritidis
(Farm B). These serotypes have infrequently been identified in British pigs and S. Enteritidis is typ-
ically associated with poultry. We intend to conduct a further study during current fieldwork,
selecting farms known to have a S.Typhimurium infection.

Conclusions Pooled faecal sampling represents a feasible and valid approach for measuring the
prevalence of infected pens of pigs. In collecting such samples, the optimum method is to ensure
the maximum number of individual faeces contribute to a total pool weight of 25g and this should
then be cultured for 48 hours. Further work is needed to confirm these findings with common
serovars. Research into inhibitory substances in faecal material would also be valuable.
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COMPARISON OF API 20E AND PCR FOR 
IDENTIFICATION OF SALMONELLA

Daniele M. Nucera, Patricia S. Hoien-Dalen, Carol W. Maddox, Ronald M.Weigel*
University of Illinois, Urbana, Illinois, USA *2001 S Lincoln, Urbana IL 61802 USA, Ph: 1-217-244-1365, Email: weigel@uiuc.edu

Abstract API 20E and invA PCR were compared for diagnostic accuracy for Salmonella for 310
bacterial isolates from 3 Illinois swine farms. Reactions based on Triple Sugar Iron agar, Lysine
Iron Agar, and Salmonella O (poly A/B) antisera tests were also considered. Repetitive sequence
PCR (rep-PCR) using REP, BOX, and ERIC primers, identified the genetic basis for diagnostic clas-
sification. Cluster analysis and multidimensional scaling grouped isolates based on diagnostic and
genetic characteristics. The invA PCR had higher agreement with other tests (particularly poly A/B
antisera) than API 20E in Salmonella classification. Cluster analysis identified several clusters of
isolates that were API 20E positive but negative by other tests, suggesting lower specificity for
API 20E than invA PCR. Rep-PCR genotyping supported a genetic basis for diagnostic test result
differences. This suggests that invA PCR should be considered as a cost and time saving alterna-
tive to API 20E in the diagnosis of Salmonella.

Introduction Isolation and accurate identification of Salmonella is a significant challenge in clinical
microbiology (Hoorfar et al, 1999; McDonough et al, 2000; Perry et al, 2002). Among the commer-
cially available identification systems, API 20E, which relies on biochemical substrate utilization for
classification, has often been used as the standard of comparison for identification of members of
the family Enterbacteriaceae (O’Hara et al, 1992; Overman et al, 1985; Koneman et al, 1997).
However, API 20E has not always yielded satisfactory results (Robinson et al, 1995; Rutherford et
al, 1977; Aldridge et al, 1981). Rather than relying on phenotypic traits, identification of bacteria
such as Salmonella could be improved by recognition of genotypic characteristics, e.g., by using
polymerase chain reaction (PCR) techniques targeting gene sequences unique to Salmonella
(Vaneechoutte and Van Eldere, 1997). The purpose of the present study is to compare API 20E
with a PCR for detection of the invA gene (Chiu and Ou, 1996), within the context of other diag-
nostic tests, using multivariate statistical methods to evaluate isolate classification and diagnostic
test accuracy. 

Materials and Methods Fecal and floor samples (1 gm) were collected from 3 Illinois swine
farms, each visited twice over a 6 month period during the winter and spring of 2003. Two farms
were farrow-to-finish operations and the third was a feeder pig finisher operation. Pigs were kept
mostly in total confinement facilities. 

Samples were placed directly into tetrathionate broth (9 ml for fecal, 25 ml for floor samples)
and transported to the laboratory, where they were incubated at 37°C. After 48 hr, 100 ml of each
sample was transferred to 10 ml Rappaport-10 broth and incubated at 37°C. After 24 hr, 10 ml of
broth was plated onto a Xylose-Lysine-Tergitol-4 (XLT$) agar plate and incubated at 37°C. After 24
hr, 1 or 2 bacterial colonies with Salmonella morphology (red with black centers) were selected
from each plate, subcultured onto brilliant green agar plates (BGA), and incubated at 37°C. After
24 h, 1 colony with typical Salmonella morphology (red/pink color) was selected from each BGA
plate and streaked onto a tryptic soy agar plate (TSA). TSA plates were incubated for 24 h at 37°C,
then held at 4°C for further testing.

Template DNA for PCR amplification was prepared by adding a small number of cells from a
single TSA plate colony to 100 ml sterile Millipore water and boiling for 5 minutes. An inv-A PCR
was also performed using an oligonucleotide primer set producing a 244 bp amplicon from the
invA gene of Salmonella, as described in Chiu and Ou (1996). Amplicons were identified using
agarose gel electrophoresis.

An API 20E strip was inoculated for each isolate and incubated at 37°C for 24 hr. Positive
results were evaluated for each of the 20 biochemical tests and diagnosis of Salmonella deter-
mined using the API 20E Analytical Profile Index (July 1999 edition) or by calling the API Voice
Response System.
Additional diagnostic tests were performed on each isolate to validate API 20E and invA PCR test
results and account for disagreements between the tests. Slide agglutination tests were per-
formed using Salmonella O Antisera Poly A and Poly B. Triple sugar iron (TSIA) and lysine iron agar

 



(LIA) slants were inoculated with each isolate and incubated at 37°C for 24 hr. An oxidase test
was also performed on each isolate.

Genotyping using repetitive sequence PCR (Rep-PCR) with REP, BOX, and ERIC primers
(Weigel et al., 2004), was performed for each sample (samples had either 1 or 2 isolates evaluat-
ed with Salomonella diagnostics), randomly selecting 1 member of pair if 2 isolates were evaluat-
ed per sample. Genetic distances between samples were calculated based on fragment size
matching patterns, with results from the 3 primers combined to calculate a 3D Euclidean distance
(ibid.). Complete linkage hierarchical cluster analysis using the 3D distance matrix was conducted
to determine the genetic basis for diagnostic test result differences.  

The agreement in the classification of isolates as Salmonella between invA PCR and API 20E
at the 70%, 85%, and 90% Salmonella likelihood levels, and each of the aforementioned  with
the agglutination and the individual biochemical tests, including each of the 20 API 20E composite
tests, was determined by calculating kappa values (Cohen, 1969). 

In order to evaluate agreement among tests using the composite of test results, multivariate
data analysis was conducted. Classification of isolates into distinct groups based on test result dif-
ferences was accomplished using cluster analysis (Anderberg, 1973) and multidimensional scaling
(Kruskal and Wish, 1978). The variables selected for the multivariate analyses were those that con-
tributed to the variability observed between isolates; variables giving redundant results were elimi-
nated. Similarity among isolates over all diagnostic test results was calculated using a simple
matching coefficient. An initial hierarchical cluster analysis using the complete linkage algorithm
was conducted to estimate the number of diagnostic groups. Multidimensional scaling, using the
matrix of isolate matching coefficients, projected cases into multidimensional space and provided
spatial coordinates as input for centroid sorting cluster analysis, which then classified cases into
diagnostic groups. For each classification group, the percentage positive for each diagnostic test
was then calculated to characterize the group in terms of Salmonella identity.  

Results There were 310 suspected Salmonella isolates obtained in this study, of which 279
(90.0%) were identified by API 20E as Salmonella sp. with likelihood values ranging from 62.5%
to 99.9%. There were 214 isolates (69.0%) positive by invA PCR, all of which were API 20E posi-
tive. The 65 isolates that were API 20E positive and PCR negative had Salmonella likelihood val-
ues ranging from 62.5% to 98.4%. For poly A/B antisera, 219 of the isolates (70.6%) were posi-
tive. In addition, for TSIA 233 (75.1%) and LIA 264 (85.2%) isolates showed typical Salmonella
biochemical responses. 

In evaluating the agreement between API 20E at 3 Salmonella likelihood levels and invA PCR
with the 20 component API tests and other diagnostic tests, API 20E had highest agreement (k $
0.8) with other tests at the 85% likelihood value: LIA lysine decarboxylase (LDC) and the API-LDC
component (k = 0.93), followed by invA PCR (k = 0.86), poly A/B antisera (k = 0.84), and the API
ornithine decarboxylase (ODC) component (k = 0.83). The invA PCR had the highest agreement
with poly A/B antisera (k = 0.94), API-ODC (k = 0.93), API-LDC (k = 0.91), and LIA-LDC (k = 0.91).
LIA-LDC and API-LDC were in complete agreement and will be referred to only as ‘LDC’ below.
These tests will be considered further in evaluating the relative accuracy of API 20E versus invA

PCR. 
The initial hierarchical

cluster analysis resulted in 4
main clusters; thus, centroid
cluster analysis assumed the
existence of 4 diagnostic
groups of isolates. A satisfacto-
ry multidimensional scaling
(MDS) configuration was
achieved with two dimensions
(Stress1 = 0.04). Figure 1
depicts the distribution of iso-
lates in 2-dimensional (2D)
space, with a superimposed
minimum spanning tree (Gower
and Ross, 1969) connecting
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Figure 1. Classification of isolates on multidimensional
scaling axed according to centroid sorting cluster group. 
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isolates within the same centroid sorting cluster analysis group. The 4 groups were distinctly sep-
arated in the 2D MDS space.   

The 218 isolates in cluster 1 were all classified by API 20E as Salmonella (likelihood ? 85%),
by invA PCR as Salmonella in all but 3 cases, and as Salmonella in all but 2 cases by poly A/B anti-
sera, LDC, and ODC. The 58 isolates in cluster 2 were all invA PCR negative, but included 14 iso-
lates that were API 20E positive; there were also 9 isolates positive by LDC, but only 1 positive
each by ODC and poly A/B antisera. Of the 3 isolates in cluster 3, 0 were positive by API 20E,
invA PCR, and poly A/B antisera, 1 was LDC positive, and 2 were ODC positive. Of the 31 iso-
lates in cluster 4, 0 were positive by invA PCR and LDC, 1 was API 20E positive, 2 were poly A/B
antisera positive, and 5 were ODC positive. Given this association of diagnostic test results with
cluster membership, it is apparent from Figure 1 that MDS dimension 1 represents invA PCR,
with positive isolates negative on this axis; dimension 2 represents to some degree the distinc-
tion between API 20E positive and negative test results, with the negative API 20E isolates (par-
ticularly clusters 3 and 4) clearly positive on this axis. 

There were 172 samples available for rep-PCR genotyping. A schematic representation of the
dendrogram for the cluster analysis of similarity of rep-PCR banding patterns is depicted in Figure
2. There were 4 clusters separated by genetic similarity values > 20%. The first cluster consisted
of 125 samples that were all positive by API 20E ($ 85% likelihood), invA PCR, poly A/B antisera,
and LDC. Clusters 2 and 3, more closely linked to each other than to the other clusters, consisted
of 7 samples positive by API 20E and negative by the other tests represented. Cluster 4 consist-
ed of 40 samples that were all invA PCR and poly A/B antisera negative, but for which 20% of
samples were positive by API 20E and LDC. 

Discussion/Conclusions The API 20E diagnostic test for Salmonella, based on identifying the bio-
chemical properties of the bacteria, has been the standard test for Salmonella detection in many
diagnostic laboratories. The comparison of API to other Salmonella diagnostics has revealed that
API 20E classifies more isolates as Salmonella than do other tests. Compared to API 20E, the
higher agreement of the invA PCR to the poly A/B antisera and API-ODC tests, as well as nearly
equal agreement to LDC suggest that API 20E has a higher false positive rate. The highest agree-
ment of API 20E with other tests was achieved at the 85% likelihood level; agreement was lower
at lower and higher
likelihood levels. 

The genetic sepa-
ration by rep-PCR of a
portion of the API
positives indicates an
underlying genetic
basis for the disagree-
ment of API 20E and
invA PCR, and further
supports the conclu-
sion that API 20E has
lower diagnostic
specificity for classifi-
cation of bacterial iso-
lates as Salmonella.
Given this, the
absence of samples
that were invA PCR
positive and API 20E
negative suggests
that both tests have
approximately equal
sensitivity in detecting
Salmonella.

The agglutination
test using poly A/B antisera had high
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Figure 2. Schematic representation of clusters of Salmonella isolates
as determined by complete linkage, based on genetic distances
from 3 primers (REP, BOX, ERIC) of repetitive sequence PCR.
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agreement (k = 0.94) with invA PCR and clustered in a nearly identical pattern in the centroid
clustering based on diagnostic test results, as well as in the hierarchical clustering based on rep-
PCR genetic classification. This strengthens the validity of invA PCR in differentiating bacterial iso-
lates based on Salmonella specific characteristics.

The results of this study need to be considered with in the context of the samples evaluated.
The bacteria cultured were from the environment of swine production systems. There were only 3
farms evaluated in a localized geographic region, during cold (winter) to moderate (spring) temper-
atures. Results could differ in other environments and thus the generalizability of the the present
findings need to be evaluated.

The API 20E test is more expensive (about $6 per sample) than the invA PCR (< $2 per
sample). Thus, invA PCR is a cost effective alternative to API 20E, once PCR equipment such as
a thermal cycler and electrophoretic gel apparatus are available. The invA PCR also produces
results in less time (g 4 hrs, compared to g 16 hrs for API 20E). Thus, in laboratories equipped
for PCR, the invA test for Salmonella detection should be considered as an alternative to API
20E.  
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EVALUATION OF PHENOTYPIC AND GENOTYPIC
APPROACHES AS PREDICTORS OF SALMONELLA
STRAINS OF CLINICAL AND NON-CLINICAL ORIGIN

Paul M. Dorr*, Daniel A. Tadesse, Wondwossen Gebreyes
*Department of Population Health and Pathobiology, North Carolina State University – College of Veterinary Medicine, 4700
Hillsborough St., Raleigh, NC, 27606. Ph: 01-919-513-8291; E-mail: wagebrey@ncsu.edu

Summary This study investigated the possible phenotypic and genotypic similarities and differ-
ences between Salmonella isolates obtained from swine with clinical salmonellosis to isolates
obtained from swine showing no clinical disease. Phenotypic analysis was done by antimicrobial
resistance profiling and amplified fragment length polymorphism (AFLP) fingerprinting was
employed for genotypic analysis. A total of 281 (140 clinical and 141 non-clinical) were included in
this study. There was no association between the origin of isolates (clinical or non-clinical) and the
antimicrobial resistance profiles with OR of 0.77 and 95%CI (0.46-1.27). However, there was
association between AFLP profile and origin of isolates (distinct genotypic clustering) between
Salmonella strains of clinical and non-clinical origin with an odds ratio of 8.7 and 95% CI (4.8-
15.9). Therefore, we concluded that a high resolution DNA fingerprinting approach such as AFLP
may be helpful in differentiating strains of primary clinical importance.

Introduction The prevalence of Salmonella in today’s swine production systems continues to be a
threat to the health of both swine and human consumers in the United States. With the emer-
gence and persistence of multi-drug resistant (MDR) isolates in the last few decades, the threat
has become even greater. Current estimates of Salmonella prevalence typically range from
approximately 13% to 25% (Hurd et al., 2002; Davies et al., 1997; Rostagno et al., 2004). Many, if
not a majority of these animals act as carriers and show no outward signs of clinical salmonel-
losis. In addition to the swine harboring and shedding Salmonella, there are many other risk fac-
tors present on and around the farm that increase this risk of infection (Funk et al., 2001). Some
studies have shown a link between virulence and antimicrobial resistance (Navarre et al., 2005)
while others failed to demonstrate a link between these two phenotypes under experimental con-
ditions (Allen et al., 2001). On the other hand, the use of molecular epidemiological approaches
has recently emerged as important components that may be useful for distinguishing Salmonella
strains. Their use, however, as important predictors of clinically significant strains have not yet
been elucidated  The purpose of this study was to compare the phenotypic and genotypic profiles
of isolates obtained from primary clinical salmonellosis cases in swine to isolates obtained from
clinically normal swine in North Carolina and evaluate the significance of phenotypic (based on
antimicrobial resistance pattern) and genotypic (based on AFLP fingerprinting) approaches as pre-
dictors of strains that originated from clinical specimens.

Materials and Methods Clinical
Salmonella isolates were obtained from
two different laboratories. All isolates
were from clinical salmonellosis cases in
North Carolina. The total number of clini-
cal isolates included in the present study
was 140. Of these, ninety were donated
from the NCDA diagnostic laboratory.
These represent clinical cases from mul-
tiple swine production systems through-
out North Carolina. Additional 50 clinical
isolates originated from Lab 2 that repre-
sent clinical cases from multiple farms in
one production system. Non-clinical iso-
lates (n=141) were obtained from previ-
ous and ongoing prevalence studies
within the lab and were used as a convenience sam-
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files between Salmonella isolates originated from
clinical (n=140) and non-clinical (n= 141) sources.
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ple (n=141). Antimicrobial susceptibility testing was performed using the following antimicrobials
as published previously: ampicillin (A; 10 µg), amoxicillin-clavulanic acid (Ax; 30 µg), amikacin (An;
30 µg), ceftriaxone (Cro; 30 µg), cephalothin (Cf; 30 µg), chloramphenicol (C; 30 µg), ciprofloxacin
(Cip; 5 µg), gentamicin (G; 10 µg), kanamycin (K; 30 µg), streptomycin (S; 10 µg), sulfasoxazole (G;
250 µg), and tetracycline (T; 30 µg) (Gebreyes et al., 2005).  

Amplified Fragment Length Polymorphism (AFLP) fingerprinting was carried out on all the 141
isolates as described previously (Gebreyes et al., 2005).  Purified DNA was adjusted to a concen-
tration of 10ng/µl nuclease free water (Fisher Scientific, Fair Lawn, New jersey, USA).  We used a
modification of the AFLP protocol first described by Vos et al (1995). Briefly, the DNA was digest-
ed with EcoRI and MseI enzymes mix (LI-COR® Biosciences, Lincoln, NE, USA) at 37oC for 2
hours and incubated for 15 minutes at 70oC. Then adapters were ligated to the restriction frag-
ments using T4 DNA ligase at 20oC for 2 hours. The ligation mixtures were diluted 1:10 using TE
buffer (LI-COR® Biosciences, Lincoln, NE, USA) and fragments were amplified using EcoRI and
MseI primers (Integrated DNA Technologies, Coralville, IA, USA) for 20 cycles at 94oC for 30 sec-
onds, 56oC for 1 minute, and 72oC for 1 minute. Selective amplifications were performed on a 1:10
diluted pre-amplification template using MseI (Integrated DNA Technologies, Coralville, IA, USA)
and IRDye 800 labeled EcoRI (LI-COR® Biosciences, Lincoln, NE, USA) primer with an additional
adenine at EcoRI 3’ end to obtain optimum band for analysis. Fragments were visualized on LI-
COR 4200 DNA sequencer using 6.5 % KBPLUS polyacrylamide denaturing gel (LI-COR®

Biosciences, Lincoln, NE, USA).
Statistical analysis was done using Odds ration (OR computation for association between phe-

notype or genotype and origin of isolates and a 95% confidence interval (CI) was computed to
determine the variability and statistical significance of the association.

Results Out of the twelve antimicrobials tested for overall resistance pattern analysis, Ceftriaxone
(Cro) was the only antibiotic that showed a significant difference in resistance between the clini-
cal and nonclinical isolates.  Phenotypic variability was also analyzed between the clinical and non-
clinical isolates using the penta-resistance pattern common to the Salmonella phage type DT104,
ACSSuT. No difference in this pentaresistance pattern was found between the clinical and non-
clinical isolates (OR 0.77, 95%CI 0.46, 1.27).

For the AFLP analysis, a cutoff of 70% was used to identify major clusters as recommended
previously (Gebreyes et al., 2005).  A total of 17 clonal types were identified.  Using this finger-
printing approach, we detected a clear distinction between clonal types of clinical and non-clinical
origin. A subset of this is demonstrated on Figure 2. As shown in the figure, two clusters pre-
dominantly of clinical origin: 1A (14 of 17 were clinical) and 1b (17 of 21 were clinical) and three
clusters of predominantly isolates of non-clinical origin: cluster 2 (all five were from non-clinical
source), cluster 3 (all eight were from non-clinical source) and cluster4 (12 of 13 were of non-clini-
cal origin) were identified. There was a statistically significant association between AFLP profile
and origin of isolates (clinical or non-clinical) with an odds ratio (OR) of 8.7 and 95% CI (4.77,
15.86).  

Discussion The vast phenotypic similarities interspersed between the clinical and non-clinical iso-
lates may indicate that Salmonella strains antimicrobial resistance may not be associated with the
occurrence of Salmonella strains in clinical illneses. Furthermore, this strengthens the argument
that the difference in virulence between these isolates is multi-factorial and may not be strictly
linked to antimicrobial resistance. Differences in production systems (1, 2, and 3 site production),
environmental stressors, health status (PRRS, PCV positive herds), and nutrition may all play an
important role in the expression of clinical salmonellosis in these swine herds. On the other hand,
there was a lot of genotypic similarity within the clinical and non-clinical isolates. This may indi-
cate that the use of AFLP could be a good predictor of Salmonella strain that are most commonly
associated with clinical illnesses. This is a preliminary study that used convenience samples.
Further work with this data including various host, pathogen and environmental factors is needed.
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Figure 2. Dendrogram showing AFLP fingerprinting analysis of
64 Salmonella isolates from clinical and non-clinical sources.
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DEVELOPING REAL-TIME PCR ASSAY FOR DETECTION
OF MULTI-DRUG SALMONELLA STRAINS IN PIGS

Rebecca C. Robbins*, Heather A. Lowman, Wondwossen A. Gebreyes
*North Carolina State University, College of Veterinary Medicine, Department of Population Health and Pathobiology, 4700
Hillsborough St., Raleigh, NC 27606 Tel. (919) 513-8291 (Off) Fax. (919) 515-3044

Abstract The main objective of this study was to develop a rapid, sensitive and accurate real-time
detection assay for multi-drug resistant (MDR) Salmonella strains isolated from pigs. Initially, stan-
dardized procedures for use with real-time PCR using SYBR® green were developed to evaluate
selected primers, detection limitations using two predominant strains: S. Typhimurium phage
types DT104 and DT193. The use of bacterial lysate and purified DNA samples was also com-
pared. Lysate dilutions for concentrations (100-10-5) resulted in widely varied amplification as
reflected in amplification curves. In contrast, purified DNA samples diluted to 10-8 µg/mL resulted
in lower threshold cycles thus was found to be a more reliable procedure. The low detection limit
and therefore, increased sensitivity of real-time PCR suggests this technology could be the cor-
nerstone for development of assays for potential use on farms, in slaughter facilities, and by vet-
erinarians in field efforts to detect pathogens in biological samples before organisms cause food-
borne illness in humans.                

Introduction Human salmonellosis cases caused by non-typhoid strains of Salmonella are pro-
jected to cause 600 deaths and cost $2.8 billion dollars annually within the United States
(www.ers.usda.gov).  The ubiquitous nature of Salmonella enterica within swine production and
pork processing facilities may create a reservoir for isolates that are multi-drug resistant thus pos-
ing a potential risk to human health (Gebreyes et al., 2004; Martin et al., 2003). Such isolates
include serovar Typhimurium and phage types DT104 and DT193 which are resistant to ampicillin,
streptomycin, tetracycline, sulfamethoxazole, and chloramphenicol or kanamycin, respectively
(Gebreyes and Altier, 2002). Therefore, utilization of technology and the development of methods
that rapidly and accurately detect multi-drug resistant (MDR) Salmonella is of paramount impor-
tance in the effort to prevent food-borne illness.

Molecular methods including real-time PCR are frequently used to diagnose, characterize, and
track pathogens causing food-borne disease (Gebreyes, 2003). Real-time PCR is a rapid, quantita-
tive method for measuring the kinetics of target sequence amplification by threshold cycles and
specificity of the amplification by melt curves (www.appliedbiosystems.com). Daum, et al. (2002)
showed that real time PCR technology required only 3 hours to accurately diagnose an outbreak
of salmonellosis due to consumption of contaminated chicken. Additional sensitivity of this tech-
nology can be obtained by using probes like molecular beacons that bind exclusively to the target
rather than intercalating dyes such as SYBR® green that bind to all dsDNA (Gebreyes, 2003). The
use of SYBR® green necessitates rigorously optimized procedures to minimize amplification of
non-specific targets (www.appliedbiosystems.com).  

Notably when inter-laboratory real-time PCR procedures are standardized regardless of fluo-
rophore type, the capability of detecting Salmonella from swine and poultry carcass samples pro-
duced specific results with 97.5% accuracy (Malorny et al., 2003). Accuracy of detection can also
vary by sample preparation and DNA extraction procedures used in conjunction with real time
PCR (De Medici et al., 2003). In light of these stipulations, only methods producing reproducible
results with accurate melting temperatures should be considered for application in a diagnostic
protocol designed to ensure public health.

Materials and Methods Two MDR Salmonella enterica serovar Typhimurium isolates (DT104 and
DT193) were used for standardization. Eight other Salmonella strain and phage types were used
to test the robustness of the procedure in preparation for additional studies in this area. These
isolates were streaked onto LB agar and incubated at 37ºC for 24 h. Single colonies were used to
inoculate tubes containing LB broth for enrichment. 

Two boiling lysis and one DNA purification method was used to isolate enriched Salmonella
samples from LB broth cultures. First, the boiling lysis method was used to prepare Salmonella
Typhimurium factor-10 serial dilutions to 10-5 and 10-8 µg/mL. Aliquots were centrifuged for 10min
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at 10000 x g and 4ºC and supernatant discarded by aspiration. The pellet was resuspended in
300uL TE buffer and incubated for 15min at 100ºC on a heating block. Aliquots were immediately
transferred to chill on ice for 10 min and then centrifuged for 5min at 14000 x g and 4ºC. All
supernatants from both boiling methods were carefully transferred to a 1.5mL microcentrifuge
tube. An additional incubation step was added in the second boiling method as outlined by
Malorny, et al. (2003). All sample aliquots regardless of boiling method were stored at -20ºC.
DNA extractions were subsequently performed for comparison. DNA from Salmonella enterica
serovars was purified using the Qiagen® DNeasy Tissue kit (Qiagen, Valencia, CA) according to the
manufacturer's handbook guidelines.  The final purified product was serially diluted by factor-5 and
factor-10 to 10-8 µg/mL and stored at 4ºC.  

Primers previously designed using Beacon Designer 3 by Premier Biosoft were used to ampli-
fy resistance regions unique to DT104 and DT193 phage types. Four primers, two for each phage,
were used to detect, blaTem and AphA for DT193 and blaPse1 and CmlA for DT104 resistance alle-
les. Standardization of pse1 and tem primers was tested at 0, 40, 80, 100, 250, 350, 400, and
500 nM concentrations. Amplification of targets was optimized by a primer concentration of
350nM.  

All samples were amplified in a 96 micro-well plate using the iCycler iQ real-time PCR
machine manufactured by Bio-Rad Laboratories, Inc. Standardization of total reaction volumes
was performed using 50uL volumes as recommended by Bio-Rad Laboratories, Inc. and 25uL vol-
umes. All subsequent runs were performed using a 25uL total reaction volumes. Targets were
amplified from 1, 5, and 10µL concentrations of lysed cells and 1uL purified DNA aliquots. PCR
program protocols generated amplification and melt curves for determination of sensitivity and
specificity target values.   

Results Total reaction volumes of 25µL and 50µL resulted in target amplification above threshold
after 10 to 15 cycles. Since this result occurred during the standardization process, the lesser,
25µL, volume was used in all subsequent runs. The 350nM primer concentration specifically
detected and amplified their respective resistance genes.     

Serial dilutions of S. Typhimurium lysates resulted in non-specific or no amplification of targets
for 1, 5, and 10µL sample volumes. Lysate samples did not produce consistent amplification
beyond one factor-10 dilution. Serial dilutions of 53µg/mL purified DNA resulted in specific amplifi-
cation of targets.  The number of amplification cycles increased as the sample concentration
decreased which is illustrated by the standard curve (Figure 1). Standard curves are reported to

Figure 1.  Amplification curve for S. Typhimurium phage type DT104 factor-10 serial dilutions purified DNA from 100 to
10-8 µg/mL showing threshold cycle as it relates to sample concentration. 

100 10-1 10-2 10-3 
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estimate the number of molecules in a range of ±6-21% precision (Rutledge and Côté, 2003).
Based on this data derived from amplification and standard curves, subsequent amplification of
samples was considered relevant at or above the cycle predicted by the standard curve for that
specific concentration as verified by the melt curve. After analysis of these curves, the 3 fold fac-
tor-10 serial dilution of the sample was used for all subsequent amplification runs. 

Other Salmonella strain isolates including Derby (IE1) and Heidelberg (MM258) at a concentra-
tion of 0.053µg/mL were amplified by DT104 or DT193-specific primers. Relevant amplification of
targets at this concentration was considered to occur at or above 31 cycles. Amplification may be
due to non-specific binding of primers to sequences that are not involved with resistance in
Derby or Heidelberg. Additional profiling including disk diffusion must be done on the Derby (IE1
and ID5) and Heidelberg (MM258) isolates to determine resistance patterns.

Discussion A total reaction volume of 25µL produces amplification of targets comparable to the
manufacture suggested 50µL total reaction volume. The decreased volumes of primers and
SYBR® green may reduce waste and cost associated with amplification of targets. In an effort to
further minimize cost and sample preparation time, specificity and sensitivity of boiling lysis pro-
cedures was assessed. Unfortunately in this study, cell lysis methods proved inadequate for reli-
able amplification of targets. After modifying the lysis procedure and further analyzing the melt
curves, we determined extraction of DNA was best carried out using Qiagen® DNeasy Tissue kits.

Using purified DNA from DT104 and DT193, dynamic range analysis of standard curves
appeared accurate for predicting target cycle amplification as a function of sample concentration.
Therefore, detection limitations were determined to exist for purified DNA samples at concentra-
tions less than 10-4 µg/mL. Based on preliminary runs, tem and pse1 primers showed promise for
use with non-Typhimurium and non-DT104/DT193 isolates. By increasing the number of samples
analyzed as well as definitively determining resistance phenotypes of Heidelberg and Derby iso-
lates, robustness of this technology in the field can be accurately determined.  

Conclusions This procedure is being refined to make it applicable in the field. The use of these
primers across serovars and phage types may aid in epidemiologic tracking of antimicrobial resist-
ance patterns accumulating in commercial swine production facilities.
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ECOLOGY OF SALMONELLA INFECTION ACROSS 
AUSTRALIAN PIG-REARING SYSTEMS 

Hamilton D.R.1*, Holds G.1, Bobbitt J.2, Kiermeier A.1, Holyoake P.3, Fahy T.2, Davos D.4 ,
Heuzenroeder M.4, Lester S.5, Pointon A.1

*1South Australian Research and Development Institute, 33 Flemington St, Glenside, South Australia 5065, Australia, Ph: 61-8-
8207-7929, Email: Hamilton.david@saugov.sa.gov.au; 2Victorian Department of Primary Industries, Melbourne, Australia;
3University of Sydney, Faculty of Veterinary Science, Sydney, Australia; 4Institute of Medical and Veterinary Science, Adelaide,
Australia; 5Statistical Consultant, Adelaide, Australia.

Abstract The aim of this study was to compare the ecology of Salmonella infection in pigs in bed-
ding production systems (500-1000 pigs in one large pen, bedded on straw and/or rice hulls) with
that in pigs in traditional (10-20 pigs per pen, concrete floor) systems. Eight Salmonella sero-positive
study herds were selected to give 4 different combinations of weaner/grow-finisher and deep
litter/concrete-based production systems. Individually identified pigs were bled at 9-10 and 16 weeks
of age and at slaughter (22-24 weeks) to estimate seroprevalence. At each bleed pen faecal samples
were collected to identify the serotypes present. Two batches of pigs from each herd were studied.
There were substantial differences in the infection patterns over time within both high and low
prevalence herds as found overseas. This appeared to be unrelated to the use of bedding production
systems at either the weaner or grower/finisher stage. Feed serovars may play a larger role in
Australia than previously thought.

Introduction In Australia, increasing numbers of pigs are housed on bedding (straw or rice hulls)
instead of concrete (partial or full slats). These deep litter sheds containing up to 1000 pigs in a sin-
gle enclosure, have a number of advantages, with the result that they have become the most com-
monly built pig facility in this country. 

The advantages include lower initial capital cost, reduced power and water consumption, more
ready acceptance by licensing agencies (less odour and liquid effluent) and consumer perception as
welfare-friendly. A potential disadvantage compared with traditional sheds having under floor effluent
drains, is that the deep litter may only be cleaned out when the pigs are removed, giving them ready
access to their faeces for the entire period of their stay in the shed i.e. up to 16 weeks. With pig-to-
pig Salmonella infection involving the faecal/oral transmission pathway, the potential food safety
implications are obvious. 

This project was designed to investigate the ecology of Salmonella herd infection and abattoir
contamination of pigs raised in “Bedding” (deep litter) systems compared with those raised in
“Traditional” pig housing (concrete-based). This would allow an appropriate assessment to be made
of the potential food safety risk associated with this growing method of pig husbandry.

Materials and Methods All combinations of weaner and grower/finisher accommodation systems
were examined (Table 1). The design was a compromise between the considerable cost of repeat
sampling large numbers of pigs and constraints on the use of serology (reviewed by Davies & Funk
1999). To optimise the statistical power, pigs were tagged and then serially bled as weaners, grow-
ers and finishers (Table 1). At the time of each blood collection, 3 pen faecal samples were collected
for culture. This allowed the determination of a cohort serological and pen culture profile throughout
most of the pig’s life to enable identification of the major points and degree of exposure to
Salmonella. A subset of 8 of 23 herds screened in 2002 (Hamilton et al 2004) with a demonstrated
Salmonella infection (ranging from 3% to 68% seroprevalence; Table 2) was selected for study by
both serology and culture. 

All sera were tested at the Victorian Institute of Animal Science utilising the Australian mix-ELISA
(enzyme linked immunosorbent assay) (Bobbitt et al 1997; Hamilton et al 2000) based on the Danish
mix-ELISA (Nielsen et al 1995) that performed well in an international comparison of Salmonella spp.
mix-ELISA tests (van der Heijden 2001). 

A pen faecal sample was defined as 25 gm of faeces made up of 5 x 5 g of faeces collected
from the pen floor from physically separated fresh stools (thus increasing the chance of them repre-
senting 5 different pigs). Assuming the prevalence of Salmonella shedding in the herd to be 10%,
with 3 pen samples the probability of observing at least one positive sample was 0.37. At a 25%
prevalence the probability would be 0.69. If 5 pen samples had been collected, the probability would
be 0.53 and 0.86 respectively. Weaners were sampled prior to movement to grower/finisher accom-
modation. Pre-enrichment was done using 25 gm faeces in 225 ml buffered Peptone water (Funk et
al 2000). Culture methods then followed the Australian Standard (2004). Serotyping was carried out
at the Australian Salmonella Reference Centre, Institute of Medical & Veterinary Science.
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Results Results of serial blood testing individually identified pigs and pooled pen faecal cultures in
16 cohorts of pigs (8 farms x 2 batches) are provided in Table 2. The serovars isolated included
Salmonella Agona, Anatum, Bovismorbificans, Derby, Havana, Infantis, Johannesburg, London, Ohio,
Oranienburg, Ohio, Senftenberg, Stanley, subsp 1 4,12:d and subsp 1 ser3,10:eh:-. Important obser-
vations included: 

< variable point seroprevalence within a farm (Table 2) 
< relatively low seroprevalence on some batches when all pooled pen samples were 

positive with multiple serovars 
< considerable seroconversion between 10 weeks of age and slaughter 
< presence of multiple serovars at single sampling times 
< weaners infection/shedding prior to movement to grower/finisher housing 
< presence of serovars commonly found in stockfeeds and isolation of similar serovars in 

weaners, growers and finishers 
< S. Typhimurium was not isolated from any cohort and is uncommon on carcases 

routinely monitored by AQIS on a national basis at slaughter (Hamilton et al 2004)

Discussion The study demonstrated that high levels of Salmonella infection can occur in pigs raised
in either deep bedding or traditional production facilities, which will persist over time and has poten-
tial public health consequences. There were substantial differences in the infection patterns over
time within both high and low prevalence herds as found overseas. This appeared to be unrelated to
the use of bedding at either the weaner or grower/finisher stage i.e. deep litter systems do not
appear to pose a greater risk to pigs of infection compared with traditional concrete-based systems.
Where common weaner sources supplied pigs to both types of finishing systems, there was no sig-
nificant difference between the finisher seroprevalence from these production systems. It had been
hypothesised that holding large numbers of pigs together with unlimited access to their faeces may
increase the level of infection. It is known, however, that adding fibre to the diet significantly
changes the morphological and physiological conditions in the hind gut (including the gram nega-
tive/gram positive balance) and an Australian study estimated that on deep litter systems up to 13%
of the diet is made up of bedding material (van Barneveld et al 2004). It is therefore conjectured that
bedding material in the diet of the bedding raised pigs may have counteracted any effect of
increased access to faecal material.

Weaners are potentially a major source of contamination of grower/finisher facilities. Serovars
present in weaners, in general, persisted through to the time of slaughter. The Salmonella serovars
on the study farms, pigs and carcases reflected stockfeed serovars that have been reported in
recent national surveys (Hamilton et al 2004).

The Australian mix-ELISA followed the development of the Danish mix-ELISA, which has become
the benchmark Salmonella serological test internationally. The test, however, is heavily biased
towards detection of Salmonella Typhimurium, a dominant serotype in Europe and the US, both in
pig and human infections. Typhimurium produces higher titres and a higher cut-off than the more
common pig serovars thus resulting in potential under-detection of herds with other serovars. This
study, along with other recently available data, has challenged the existing perception that
Typhimurium plays a major role in pig infection in Australia. It, therefore, raises the question of the
validity of continuing to utilise (in this country) a test biased towards detecting this serovar, particu-
larly if a national surveillance system is contemplated.

Serovars normally associated with pigs are routinely recovered from animal feeds (meat meal,
stockfeeds etc) but the role contaminated feed plays in Salmonella ecology is not agreed upon.
Because serovars occur in feed at different frequencies than in pigs it is not generally thought to be
a significant source of infection. However the findings in this project (Hamilton et al 2004), suggest
that feed may play a larger role in Australia than previously thought.

Weaner
housing

Grow/Finish
housing

#
Herdsa

#
Sampling
roundsb

# Tagged pigs
sampled each

herd/round

# Pen faecal
samples at
bleeding

# Times each
tagged pig &
pen sampled

Bedding Bedding 2 2 65 3 3
Bedding Traditional 2 2 65 3 3
Traditional Bedding 2 2 65 3 3
Traditional Traditional 2 2 65 3 3

Table 1. Sampling frame: individually identified pigs from different production systems bled as weaners, growers and fin-
ishers. a=Total of 8 study herds, b=Total of 65 pigs from each herd sampled as weaners, growers and finishers on 2 sep-
arate occasions i.e.65 pigs x 3 sample times x 8 herds x 2 rounds/herd = approx 3120 sera. Total of 3 pen samples x 3
sample times x 8 herds x 2 rounds/herd = 144 pen faecal samples.
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Conclusions Deep litter systems do not appear to pose a greater risk to pigs of Salmonella infection
compared with traditional concrete-based systems. S. Typhimurium does not appear to play a major
role in pig infection in Australia. Animal feed serovars may play a greater role in pig infection in
Australia than previously thought.
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Table 2. Summary of pen faecal culture results, number of Salmonella serovars isolated and seroprevalence from 16 batch-
es of pigs and seroprevalence of herd pre-selection screening round. WE=Weaner, GR=Grower, FIN=Finisher, NS=Not
Sampled as new herd/shed selected as the basis of production type Pre-selection screening, Batch 1 and Batch 2 were
from pigs produced in the same finisher shed on each participating farm a-i-a-o = all-in-all-out pig production; 
contin=continuous flow pig production.

Farm
ID

Criteria
Pre-selec-
tion FIN

Batch 1 Batch 2
WE GR FIN WE GR FIN

Bedding Weaner / Bedding Finisher
B1B1 # +ve pots (# Salm serovars) 3/3 (2) 2/3 (1) 2/3 (2) 0/3 (-) 0/3 (-) 0/3 (-)
a-i-a-o Seroprevalence % 67% 32% 9% 13% 3% 0% 74%
B2B2 # +ve pots (# Salm serovars) 3/3 (2) 3/3 (2) 3/3 (4) 3/3 (4) 3/3 (4) 3/3 (3)
a-i-a-o Seroprevalence % 68% 1% 23% 52% 4% 4% 10%

Bedding Weaner / Traditional Finisher
B1T1 # +ve pots (# Salm serovars) 3/3 (2) 2/3 (1) 2/3 (1) 0/3 (-) 0/3 (-) 0/3 (-)
a-i-a-o Seroprevalence % 3% 2% 32% 15% 2% 19% 75%
B2T5 # +ve pots (# Salm serovars) 3/3 (2) 3/3 (5) 2/3 (2) 3/3 (5) 3/3 (3) 0/3 (-)
contin Seroprevalence % 20% 2% 13% 24% 0% 44% 80%

Traditional Weaner / Bedding Finisher
T1B4 # +ve pots (# Salm serovars) 0/3 (-) 0/3 (-) 0/3 (-) 1/3 (1) 1/3 (1) 0/3 (-)
a-i-a-o Seroprevalence % NS 0% 8% 19% 0% 0% 8%
T2B2 # +ve pots (# Salm serovars) 2/3 (4) 3/3 (4) 3/3 (4) 3/3 (5) 3/3 (4) 3/3 (2)
a-i-a-o Seroprevalence % 48% 25% 44% 16% 4% 16% 48%

Traditional Weaner / Traditional Finisher
T1T10 # +ve pots (# Salm serovars) 0/3 (-) 0/3 (-) 1/3 (1) 3/3 (3) 0/3 (-) 1/3 (1)
a-i-a-o Seroprevalence % 5% 2% 16% 25% 0% 5% 34%
T3T7 # +ve pots (# Salm serovars) 1/3 (1) 3/3 (4) 3/3 (2) 3/3 (3) 3/3 (4) 2/3 (2)

contin Seroprevalence % 65% 3% 11% 73% 7% 10% 22%
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THE EFFICACY OF CLEANING AND DISINFECTION
ON PIG FARMS

Mannion, C.*1, Leonard, F.C.1, Egan, J.2 and Lynch, P.B.3

1Faculty of Veterinary Medicine, UCD, Dublin, Ireland, email: celine.mannion@ucd.ie; 2Central Veterinary Research Laboratory,

Abbotstown, Dublin 15, Ireland; 3Teagasc Research Centre, Moorepark, Fermoy, Co. Cork, Ireland.

Abstract Little is known about the effectiveness of the cleaning and disinfection methods in use
on commercial pig farms either in Ireland or worldwide. A National Salmonella Control Programme
was implemented in Ireland in August 2002 to monitor and control infection with Salmonella spp.
in pigs. In Ireland, all commercial pig herds must be categorised according to their Salmonella sta-
tus. Herds in category 1, 2 and 3 have a serological Salmonella prevalence of infection of #10%,
>10-#50% and >50-#100%, respectively.

The aim of this study was to assess the efficacy of washing and disinfecting finisher units on
category 1 and category 3 farms, in reducing or eliminating levels of Enterobacteriaceae.
Enterobacteriaceae counts were used as indicators of the contamination of the environment with
enteric bacteria, which could include Salmonella spp. Samples were taken from the pen floors
and feeder/drinker units of four category 1, two high category 2 and 1 category 3 farms.
Enterobacteriaceae and salmonellae were enumerated in each sample. Limited results available
on enumeration suggest that there was a decrease in levels of Enterobacteriaceae on pen floors
after cleaning and disinfection, regardless of category. However, significant residual contamination
remained on the surfaces of the feeder/drinker units following cleaning and disinfection on all
farms.

Introduction A national programme to reduce Salmonella contamination in pork and pork prod-
ucts should include monitoring and intervention from the farm to the factory. In Ireland, the
national Salmonella control programme is based on the categorisation of all commercial pig herds
according to their Salmonella status. Finishing pigs in herds in category 1, 2 and 3 have a serolog-
ical Salmonella prevalence of #10%, >10-#50% and >50-#100%, respectively. 

The prevalence of Salmonella within a herd from farm to slaughter is governed by many fac-
tors, one of the most important being an effective hygiene programme. Cleaning and disinfection
have an important part to play in the control of this disease. It has been found that uninfected
pigs, which remained in disinfected pens, usually stayed free of Salmonella (Linton et al. 1970).
However, achieving a sufficient reduction in Salmonella levels by hygienic and management proce-
dures alone can be quite difficult. In a study aimed at reducing Salmonella at farm level, Dahl et
al. (1997) found that problem herds that improved hygiene combined with all in-all out measures
did not achieve the same success as those that used organic acids in the water or feed. 

The objectives of this study were 1) to determine and compare the efficacy of cleaning and
disinfection procedures in finisher units from ten category 1 and ten high category 2/category 3
farms, using Enterobacteriaceae counts as a marker for residual enteric bacteria, and 2) to deter-
mine the prevalence of Salmonella spp. both before and after cleaning.

Materials and Methods
Farms and sample collection To date five category 1, two high category 2 and one category 3
farm have been identified and sampled. Visits commenced on obtaining agreement for intensive
sampling from farmers. Between 40 and 60 samples were taken both before and after the finish-
er units were cleaned and disinfected according to the farmer’s usual programme. On average a
total of twelve pens were sampled per farm with six floor, one feeder and one water sample
being collected per pen. Sterile templates of 100cm2 were placed randomly on the pen floor and
samples were collected by swabbing the area within with a sterile pre-moistened carcass
sponge. An approximately similar area was swabbed within the feeders, although it was not pos-
sible to use sterile templates due to their rigid design. Drinkers were sampled by collecting
approximately 100ml of water in a sterile sample jar. All samples were stored in a chilled contain-
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er during transport and kept at 4oC prior to examination within twenty-four hours of collection.
Microbiological Analysis On arrival at the laboratory each sponge was suspended in 100ml of
maximum recovery diluent (0.1% peptone, 0.85% NaCl: MRD; Oxoid, Basingstoke, Hampshire,
England). All swab samples were shaken vigorously before analysis. 

Enterobacteriaceae counts were obtained by preparing violet red bile glucose agar (VRBGA;
Oxoid) pour plates using 1ml of swab suspensions, or derived 1:10 dilutions in MRD. Plates were
over-poured with VRBGA to create a semi-anaerobic environment, incubated at 37oC for 24 h and
examined. The Enterobacteriaceae enumeration method had a minimum detection limit of 1 CFU
cm-2 (McEvoy et al. 2004).

Salmonella isolation procedures were performed on 25ml of each water sample and on 20ml
of each swab suspension according to BS EN 12824; 1998. Briefly, water samples were pre-
enriched in 225ml BPW and incubated for 18-24 h at 37oC. Samples of the swab suspension were
also incubated for 18-24 h at 37oC. All samples were then selectively enriched in Rappaport-
Vassiliadis broth 41.5oC for 24 h. Samples were plated onto mannitol lysine crystal violet brilliant
green agar (MLCB; Lab M, Bury, Lancashire, England) and brilliant green agar (BG; Lab M, Bury,
Lancashire, England) after both 24 h and 48 h of selective enrichment. Up to five suspect colonies
per plate were identified by subculture onto MacConkey agar and inoculation of triple sugar iron
agar slopes followed by serotyping.
MPN (Most Probable Number) Analysis An estimation of the number of Salmonella spp. in all
Salmonella-positive samples was determined using a modified 3-tube MPN method (Dufrenne et al.
2001). Isolation of Salmonella serotypes from 3x10ml, 3x1ml and 3x0.1ml aliquots of homogenized
sample in BPW or MRD was performed as described above. After confirmation, the number of
Salmonella present in each sample was calculated using the MPN table of de Man (De Man 1983).
Preliminary Data Analysis Salmonella prevalence was reported as the number of samples that
tested positive. Enterobacteriaceae counts were transformed to log10 cfu/cm2. Because of the
wide range and skewed nature of the data, median values were calculated. Statistical analysis of
the results is awaiting collection of further data.

Results Table 1 shows the results of the samples taken before and after the cleaning procedure from
the pen floors in all eight farms. In most cases there was a moderate reduction in Enterobacteriaceae
levels after cleaning and disinfection procedures. Farm F, which washed only, achieved little/no reduc-
tion in Enterobacteriaceae levels following washing only. High category 2/category 3 farms possibly
achieved a greater reduction in levels of Enterobacteriaceae following cleaning.

In most cases there was little Salmonella detected before and after cleaning and levels ranged
from 0.36-1.1 MPN/cm2. However, farm D had a Salmonella prevalence of 62% prior to cleaning
which dropped to 0.02% following the washing procedure. These results were surprising as
although a recent change had occurred in feeding practices it was a category 1 herd at the time
of sampling.

Following washing the results for the feeder/drinker units did not improve (Table 2) and resid-
ual contamination appeared to be a major problem. A common trend throughout all farms, regard-
less of category, was a significant increase in Enterobacteriaceae levels following washing and
disinfection.

Salmonella results were highly variable with category 3 farms having higher ranges in washed
feeder/drinkers than category 1 farms.

It was not possible to compare the effectiveness of the different disinfectants used by the
farms as none of the disinfection programmes were applied in a standardised way.

Discussion Although preliminary, and with little published data to compare with, the results of
this study of cleaning and disinfection on commercial pig farms indicate that there are particular
problems with the cleaning of the feeder/drinker units. This may be due to operator negligence or
difficulties accessing all crevices in the feeder units. Whatever the reason, large volumes of con-
taminated faecal matter are remaining in these units following cleaning of the pen. In contrast,
previous studies of disinfection on commercial poultry laying units (Davies et al, 2003) found that
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equipment was less contaminated than the main house structures even though there was a
smaller reduction after cleaning and disinfection. 

Healthy pigs can carry Salmonella serotypes in their intestine and may shed this pathogen
when stressed. Pigs are subjected to many stress factors during production, which in turn may
induce these carriers to shed the bacterium at a higher rate and increase the likelihood of
Salmonella-free pigs to acquiring infection. Fedorka-Cray et al. (1994) showed that pigs that were
Salmonella-free prior to exposure were likely to acquire infection once exposed to a contaminated
environment. Thus, thorough cleaning and disinfection of pens between batches of pigs is an
important tool in Salmonella reduction at herd level and if neglected, residual infection may initiate
infection in clean stock (Thomas, 1982).

Van der Wolf et al. (2001) reported that a lower Salmonella seroprevalence was associated
with herds that never disinfected a compartment after pressure washing as part of an all-in/all-out
procedure than herds that sometimes or always used disinfectants. It was suggested that farm-
ers that use disinfectants clean less adequately in the hope that any remaining microbes will be
dealt with by the disinfectant. In contrast, the preliminary results from this current study have
shown a lower Salmonella and Enterobacteriaceae prevalence in herds that always washed and
disinfected than herds that washed only. It has always been accepted that hygiene is important
for optimal production results and reduction of infection in the pig industry. 

Fedorka-Cray et al. (1997) showed that pigs weaned at 14-21 days and removed to clean
accommodation remained free of Salmonella. In a study by Funk et al. (2001) a sizeable reduction
in Salmonella-shedding in sows was detected shortly after relocation to the farrowing unit. It was
suggested that due to more frequent and thorough cleaning of the farrowing rooms there was
decreased environmental contamination. Similarly, Rajkowski et al. (1998) showed a considerable
reduction in Salmonella levels in trucks following washing and disinfecting. 41.5% of pens yielded
confirmed Salmonella isolates before washing and this dropped to 2.7% after washing and disin-
fecting.

In summary, although this work is still in progress, we have shown so far that washing and dis-
infecting pen floors is apparently effective in greatly reducing levels of Enterobacteriaceae.
However, contamination of the feeder/drinker units following cleaning is a far greater problem and
one that needs to be better addressed. Further work and intervention in this area could be expect-
ed to reduce the potential for spreading of infection and cross-contamination of other animals. This
in turn should help to reduce the number of positive carcasses entering the abattoirs.

Acknowledgements This work is supported by the Irish Government under the National
Development Plan 2000-2006. C. Mannion is being supported by a Stimulus Research Grant
awarded by the Department of Agriculture and Food.

Pen Floors
Enterobacteriaceaea Salmonellab

Before washing After washing Before washing After Washing

Category Farm
Samples
Tested

(n)
Range Median Range Median

Positive
samples

(n)
Range

Positive
samples

(n)
Range

3 A 64 1.7-6.6 4.5 0-5.8 0.8 _c _ _c _
High 2 B 64 3.5-6.1 4.6 0-1.6 0 _c _ _c _
High 2 C 72 0-5.1 1.2 0-1.6 0 1 1.1 _c _

1 D 84 2.6-6.1 4.6 0-3.6 0.8 26 36->106 1 7.2
1 E 84 0-3.6 1.6 0-3.2 0 _c _ _c _
1 F 60 1.2-5.1 3.3 0.7-4.2 2.9 _c _ _c _
1 G 72 0-6.0 2.0 0-3.6 0 _c _ 1 0.36
1 H 48 0.8-4.2 3.7 0.7-4.1 2 _c _ _c _

Table 1. Effect of cleaning procedure on levels of Salmonella and Enterobacteriaceae on the pen floors. aLog10 cfu/cm2.
bMPN/cm2; detection limit, 0.36 MPN/cm2. cNegative for Salmonella (detection limit, <0.36 MPN/cm2).
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Feeder/Drinker Units
Enterobacteriaceaea Salmonellab

Before washing After washing Before washing After Washing

Category Farm
Samples
Tested

(n)
Range Median Range Median

Positive
samples

(n)
Range

Positive
samples

(n)
Range

3 A 16 3.0-5.6 4.4 2.4-6.8 5.2 _c _ 1 4600
High 2 B 16 3.7-5.7 5 0.7-6.8 5.6 _c _ 3 11-240
High 2 C 24 0-6 2 2.0-6.0 5 _c _ _c _

1 D 27 3.7-6.1 5.5 0-6.1 4.9 6 0.92-105 2 0.6-7.2
1 E 36 1.5-4.9 3.4 0-5.5 3 _c _ _c _
1 F 24 0.5-4.9 3.5 3.2-5 4.4 _c _ _c _
1 G 24 0-5..5 2.8 0-4.1 2.8 _c _ _c _
1 H 20 3.4-4.9 3.9 3.3-6 4 _c _ _c _

Table 2. Effect of cleaning procedure on levels of Salmonella and Enterobacteriaceae in feeder/drinker units
aLog10 cfu/cm2. bMPN/cm2; detection limit, 0.36 MPN/cm2. cNegative for Salmonella (detection limit, <0.36 MPN/cm2).
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VACCINE EFFICACY IN SWINE CHALLENGED WITH A
HIGHLY VIRULENT S. TYPHIMURIUM

Axel Neubauer*, Michael B. Roof, John Kolb
Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO, USA

Abstract Vaccination is one of several options to reduce the impact of Salmonella infections in
pork. To demonstrate cross protection against infection with S. Typhimurium, pigs were vaccinat-
ed with a live vaccine (Enterisol® SC-54, Boehringer Ingelheim Vetmedica, Inc.), left as positive
challenge controls or negative, non challenged controls. Vaccination demonstrated significant clini-
cal protection and reduction of lymph node colonization. In addition, nominal improvement in
weight gain was also detected.

Introduction According to a Center of Disease Control and Prevention estimate, 1.4 million indi-
viduals in the US suffer from Salmonella-associated disease every year (Mead et al, 1999). The
most important serovar in this context is S. Typhimurium, which accounts for 21.9% of all
Salmonella isolates. S. Typhimurium is also the most frequently isolated serovar from clinical pig
samples (CDC, 2002). As pork products are frequently associated with clinical Salmonellosis in
humans (Steinback, et al, 1999), S. Typhimurium control in pigs is an important food safety issue.
Whereas S. Typhimurium can cause enterocolitis in pigs, the majority of infections prevail subclini-
cally resulting in substantial economic losses due to a reduction in daily weight gain (Nielsen JN
et al. 1997). The purpose of this study was to determine if Enterisol SC-54, which is based on an
attenuated S. cholerasuis strain, can be used to control S. Typhimurium in pigs.

Materials and Methods The study consisted of 3 groups.  Group 1 (21 animals) was vaccinated
at day 0 with 2 mL Enterisol SC-54. At day 28, group 1 and group 2 (21 animals; challenge con-
trol) were challenged with 2 mL virulent S. Typhimurium (BIVI 02-04) culture. Group 3 (20 animals)
served as strict control. Criteria to determine protection included display of clinical symptoms,
weight gain, fecal shedding of Salmonella, and the results of the pathological examination (pres-
ence of gross-lesions, colonization of inner organs by Salmonella), which was conducted two
weeks after challenge. Shedding of the vaccine strain and seroconversion (IDEXX Salmonella Herd
CheckTM) were monitored. The data was analyzed using a SAS environment.  Applied tests
included ANOVA and Chi-Square/Fisher's Exact analysis. 

Results Compared to the non-vaccinated challenge control group, the Enterisol SC-54 group
showed significantly (p#0.05) fewer clinical symptoms relevant to their general well-being. There
was also a significant (p#0.05) reduction in the prevalence of respiratory symptoms, loose
feces/diarrhea, and decreased hydration. A significant (p#0.05) reduction in the prevalence of
enteropathy/enteritis affecting the small intestine, as well as a significant (P#0.05) reduction of
the Salmonella recovery rate from the mesenteric lymph node compared to non-vaccinated pigs
was also observed in the Enterisol SC-54 vaccinated animals (Table 1).

In addition, the vaccinated animals showed a nominal increase in average daily weight gain
post-challenge (days 27-42; 486 vs. 386 gm/day) and weight at the end of the trial (day 42; 28.2
vs. 26.2 kg) compared to the challenge control group.  Fecal shedding post-challenge was not
completely prevented by vaccination.  

Discussion One of the vaccinated animals died of Salmonellosis after challenge, compared to
four animals in the challenge control group.  The animals did not sero-convert following immuniza-
tion. Statistical significant shedding of the vaccine strain was not observed in the Enterisol SC-54
animals compared to the non-vaccinated controls. The results of this study demonstrated that vac-
cination with Enterisol SC-54 resulted in significant levels of protection following challenge with a
virulent S. Typhimurium strain. 

Conclusions This indicates that Enterisol SC-54 can be a valuable asset in the control of S.
Typhimurium due to the reduction of economic losses from S. Typhimurium-associated clinical
and subclinical symptoms, as demonstrated in prior studies. Vaccination with Enterisol SC-54
does at the same time not impair serological evaluation of individual animals or whole herds due
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Table indicates positive findings in %
Enterisol®

SC-54
Challenge

Control
Strict Control

Impaired General Well Being 2.25* 7.64 0 .00
Respiratory symptoms 0.00* 5.05 0.00
Decreased hydration 0.78* 4.80 0.00
Loose feces/diarrhea 9.71* 19.43 0.00
Enteropathy/enteritis (small intestine) 10.00* 73.33 35.29
Salmonella recovery MLN 36.84* 73.33 0.00

to the lack of detectable seroconversion following immunization and reduces mesenteric lymph
node colonization.
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Table 1: Statistical significant differences between groups regarding clinical, pathological,
and bacteriological findings. *Differences between Enterisol SC-54 and Challenge

Control groups are statistical significant (p<0.05; Chi-Square/Fischer's Exact analysis). 
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CLINICAL SALMONELLOSIS IN A FINISHING HERD, 
A CASE REPORT

Peter van der Wolf1*, Michel van den Bergh2

*presenting author 1Animal Health Service, Pig Health Dept., P.O.Box 9, 7400AA Deventer, The Netherlands, +31-570-660378,
p.vd.wolf@gdvdieren.nl 2Selko B.V., Tilburg, The Netherlands, +31-13-4680333, m.bergh@selko.com.

Abstract In a finishing herd of 1020 head clinical salmonellosis was a problem in market age pigs
during 2002. During two years, intervention and prevention was done using organic acids through
drinking water and feed. Progress of the Salmonella-status was monitored by detecting antibodies
against Salmonella. From this case it can be concluded that clinical salmonellosis disappeared and
dead loss decreased rapidly after application of the acids. The mean OD% dropped strongly from
40 to below 10. The herd never became entirely Salmonella-free, defined as no samples with
OD%>10. The sickbay was a problem location because it was not operated on an all-in/all-out
basis. Infection levels differed strongly between stables and compartments. The outbreak in the
third quarter of 2002 cost on average 4.60 per pig delivered to the abattoir in that period. The
majority of the costs of clinical salmonellosis are due to a reduction of technical results.

Introduction Sub-clinical Salmonella infections are common in swine in The Netherlands. Clinical
salmonellosis however is rare. In the herd in this study watery yellowish diarrhea was seen in
pigs at market age, followed by death in about 2% of the pigs. Regular antibiotic therapy, on an
individual and group level, was necessary to control the situation. Organic acids were used addi-
tionally on an ad hoc basis. In December 2002 it was decided that organic acids should be used
continuously with the aim to reach a definite solution to this problem. The aim of this study was
to see how effectively Salmonella could be controlled.

Materials and Methods The farm consisted of one barn with 10
compartments of which compartment 2 through 9 contained 60
pigs each operated at an all-in/all-out basis. Compartment one is the
sickbay which is not operated on an all-in/all-out basis. Pigs were
bought from one supplier at about 25 kg LW. Cross bred Pietrain
finishers were raised until the end of 2002 after which the “body”-
cross was used. Delivery to market was at about 115 kg LW. In
September 2002 a second new barn was filled, consisting of four
compartments with 120 pigs each. The second barn was connected
to the first by the central hallway. All compartments were artificially
ventilated separately. Floors were half slatted, half convex closed
floor in all compartments. Each pen contained 10 pigs and one wet-
feeder (Stalko). Compound feed was fed to all pigs. Mixtures of
organic acids for drinking water were Selko pH 0.2% continuously
from start to finish and for feed Selacid-balance 4 kg per 1000 kg of
feed in all feeds. Blood samples were collected at regular intervals
where samples were taken from all compartments with pigs to a
total of 40 samples. Sera were tested for antibodies against
Salmonella using the IDEXX-Salmonella Elisa. The herd owner uses a manage-
ment program called Vlevis (Siva software B.V.) to collect and store performance data of his herd.
The manufacturer of this program also provides reference values by collecting data from many
herds that use this program. Financial and technical results can be compared to these reference
values.

Results Chronologically the following events came to pass:
Sep 2002 New stable is used
End of 2002 New type of finisher is introduced: change from Pietrain to “Body”.
Dec 12 2002 Herd visit by practitioner, representatives of Selko, AHS and feed manufacturer.
Jul 7 2003 Faecal samples: compartment 13 is positive
Aug/Sep 2003 High ambient temperatures, many flies, dirty pens.
Nov/Dec 2003 Coating applied on floors in the new stable.

Stalko wet-feeder
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Mar 18 2004 Selacid balance replaced by Selacid green growth dry (containing Medium 
Chain Fatty Acids)

May-Jul 2004 Six or seven compartments were not cleaned and disinfected because the 
high pressure cleaner broke down.

Jul 3 2004 Growers from a different supplier were bought to fill empty compartments 9 
and 10. Five out of eight tested growers were sero-positive for Salmonella of
which four above OD%>40.

Aug 18 2004 Selacid balance was reintroduced into the feed.
3rd Q 2004 Meningitis as a result of Streptococcus suis infection resulting in deaths.
Nov 15 2004 Changed to a in-house mixture of organic acids from the feed manufacturer.
Feb 22 2005 End of trial.

In figure 1 the serological results are presented. January 16th 2003 is the baseline sampling
before structured intervention. Samplings were not evenly spaced in time. For each sampling
there are three bars representing percentages of samples (N=40): first bar is the samples with
OD% below 10, second bar is samples with OD% between 10 and 40 and the third bar is sam-
ples with OD% above 40. The line is the mean OD-value. The result of the sampling at February
7th 2005 is strongly influenced by the positive samples from compartment 8. Four out of a total of
six samples with an OD%>40 come from this compartment and had a mean OD% of 109.
Compartment 8 is next to compartments 9 and 10 in which the positive growers were introduced.

In figure 2 the financial results are displayed per quarter in Euros in comparison to the refer-
ence values for each period. Overall, figure 2 shows that the herd financially performs above aver-
age. The third quarter of 2002 however was below average because of the salmonellosis out-
break. The difference between the average of the second and fourth quarter ( 2,27) and the third
quarter ( -2.33) is 4.60 per finished pig. For approximately 450 marketed pigs in the third quar-
ter this means a loss of over 2000—as a result of dead pigs, higher feed conversion and a
lower percentage lean meat. This does not include the costs for medical treatment.

Discussion From the serological monitoring as presented in figure 1 it can be conclude that appli-
cation of the acids in drinking water and feed were quite successful in reducing the Salmonella
prevalence effectively. Clinical signs disappeared quickly soon after application of the acids.
However, there was no single sampling occasion when there were no samples with an OD%>40.
This means that Salmonella was always present in some animals. This was due to several factors
such as the sickbay which was highly infected at most occasions (data not shown). Furthermore
there were periods with high temperatures and many flies and where no cleaning and infection
was done due to broken machinery. Finally growers from an infected source were brought into the
herd (July 2004) resulting in
an increase in the infection.
This leads to the observation
that acids can not prevent
infection if these violations of
hygiene standards are not
corrected or prevented.

The financial loss of 
4.60 is the gross amount
compared to the mean of
the previous and following
quarter. This amount might
contain losses as a result of
other reasons. However, the
previous and following quar-
ter are also relatively low
compared to other quarters
which might under estimate
the 4.60. One can argue
that salmonellosis must have
been present already in the
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Figure 1. Results of the serological monitoring.
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second quarter and was not eradicated in the fourth quarter. If the first quarter of 2002 is incorpo-
rated in the equation ( 6.47 above average, which is exceptionally good), then the loss increases
to 6.00 per pig soled in the third quarter. Furthermore, costs for medications and extra labor are
not incorporated in this amount. Real costs were therefore most likely higher then 4,60. This
amount should however be used with caution because many factors that were not included in
this evaluation determine a financial result. Medical treatment of groups of pigs usually cost less
than 0,50 per pig which leads to the conclusion that the majority of costs from a salmonellosis
outbreak are due to a reduction of technical results like daily gain, feed conversion (feed/gain),
dead loss and lean meat. 

Conclusions
1. Application of acids has a direct effect on the appearance of clinical salmonellosis and 

results in a strong reduction of the number of serologically positive pigs and the mean 
OD%-value in subsequent batches of pigs (figure 1).

2. Despite the strong reduction in the number of positive pigs, the Salmonella-free status is not 
reached (all samples OD%<10).

3. The sickbay turns out to be a critical point of continuous infection and re-infection, probably 
because it is operated on a continuous basis and is therefore never cleaned and disinfected.

4. This case study shows that application of acids is a powerful tool to reduce Salmonella but that 
it will not lead to a Salmonella-free status if high hygiene standards are not meet as well.

5. Infection levels between compartments can differ considerably, from not at all infected to 
majority serological positive (data not shown).

6. The relative financial loss as a result of the outbreak of salmonellosis is estimated at 4.60, 
which is probably an under estimation. This amount should however be used with caution 
because many factors that were not included in this evaluation determine a financial result.

7. The majority of financial losses due to an outbreak of salmonellosis are due to a reduction in 
technical results like daily gain, feed conversion, dead loss and lean meat.

Acknowledgement We are grateful to the herd owner for his participation and to Selko B.V. for
financing this case study.
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DIOXINS AND DIOXIN-LIKE COMPOUNDS IN DOMESTIC
MEATS

Janice K. Huwe* and Gerald L. Larsen 
USDA, ARS, Biosciences Research Laboratory, PO Box 5674 University Station, Fargo, ND, 58105, USA, Telephone:  701-239-
1288, FAX:  701-239-1430  Email:  huwej@fargo.ars.usda.gov

Abstract Persistent environmental pollutants including polychlorinated dibenzo-p-dioxins, dibenzo-
furans (PCDD/Fs), coplanar polychlorinated biphenyls (PCBs), and polybrominated diphenyl ethers
(PBDEs) were analyzed in 65 meat samples collected from supermarkets across the U.S. in 2001.
The samples included hamburger, sirloin steaks, pork chops, bacon, and whole chickens from nine
different cities. The average dioxin toxic equivalency (TEQ) for all the samples was 0.55 pg/g lipid,
with pork having the lowest levels. The TEQ levels were similar to recent values reported in the
U.S. and appear to be declining. The sums of PBDEs averaged 1.71 ng/g lipid and represent the
first extensive sampling of domestic meats. The PBDE levels in pork and chicken were 4 and 10
times higher, respectively, than levels reported in Europe for these foods. The presence of a few
outliers raised the average PBDE sums and indicated that isolated sources of contamination may
exist that, if identified, could be removed from the U.S. animal production chain.

Introduction Polychlorinated dibenzo-p-dioxins, dibenzofurans (PCDD/Fs), and biphenyls (PCBs)
are ubiquitous, persistent, lipophilic pollutants. Polybrominated diphenyl ethers (PBDEs) are com-
monly-used additive flame retardants that are also highly lipophilic and structurally similar to the
PCDD/Fs and PCBs. While PCDD/F levels are decreasing in the environment and PCBs are no
longer produced, PBDEs continue to be produced and their levels appear to be increasing in the
environment and in humans over the past 10-20 years (Darnerud et al., 2001; deWit, 2002). The
acute and chronic toxicity of dioxin-like compounds is well documented (Schecter, 1994), and,
although PBDEs do not appear to have any acute toxicity, some studies have shown developmen-
tal and neurological effects due to PBDE exposure (Darnerud et al., 2001). In order to better
assess the risk from PBDEs, routes and magnitudes of exposure need to be investigated and
characterized. Because human exposure to PCDD/Fs is almost entirely through the diet, it seems
plausible that exposure to PBDEs may occur by this same route. In this study, we have analyzed
typical domestic meats to update data on the current levels of PCDD/Fs and PCBs and to begin
to define the levels of PBDEs found in these products.

Materials and Methods Meat and poultry samples were purchased at large supermarkets in nine
cities across the U.S. and shipped frozen to the USDA-ARS laboratory in Fargo, ND, for analysis.
All samples were collected in 2001 and included bacon, hamburger, whole chickens, sirloin
steaks, and pork chops from each location. The bacon and ground beef were analyzed whole; for
the chickens, steaks, and chops, fat was trimmed and analyzed for 17 toxic PCDD/Fs and 3 copla-
nar PCBs, or 7 marker PBDEs in separate analyses. Homogenized bacon or fat trimmings (5 g)
were spiked with 15 13C-labeled PCDD/Fs and 3 13C-labeled co-planar PCBs (#71, 126, and 169) or
7 13C-labeled PBDEs (#28, 47, 99, 153, 154, 183, and 209) (Wellington, Laboratories, Guelph, ON)
and dissolved in methylene chloride. The sample was exchanged into hexane and applied to a
Power Prep instrument (Fluid Management Systems, Waltham, MA) for automated dioxin cleanup
on a jumbo and regular triphasic silica cartridge, a basic alumina cartridge, and a carbon cartridge.
The carbon cartridge was omitted for PBDE cleanup. The hamburger (5g) was spiked with recov-
ery surrogates, mixed with Celite, and extracted in an Automated Solvent Extractor (Dionex,
Sunnyvale, CA) using isopropanol:hexane:methylene chloride (35:30:35) at 125ºC and 1500 psi.
The extract was purified on the Power Prep system as described above.  The percent lipid in each
sample was determined gravimetrically before application to the Power Prep system.   The final
fractions containing desired analytes were concentrated into 20uL of dodecane containing 13C-
labeled internal standards and analyzed by isotope dilution methods on a high resolution GC/ high
resolution MS instrument as previously described (EPA, 1994; Huwe et al., 2002).

A method blank or a method spike containing 17 PCDD/Fs and 3 PCBs or 42 PBDEs were run
with each set of four samples.  Because method blanks contained detectable levels of some ana-
lytes, the sample data were blank-subtracted.  Limits of detection were calculated as 3x standard
deviations of the blanks or low-level spikes.  Values below the detection limit were treated as non-
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detects and either set equal to zero or half the limit of detection. Dioxin toxic equivalencies
(TEQs) were calculated from the 1998 World Health Organization toxicity factors (Van den Berg et
al., 1998).

Results/Discussion Table 1 shows the results from the analysis of 65 meat samples for
PCDD/Fs, co-planar PCBs, and PBDEs on a lipid-weight basis. Of the four types of meat included
in the study, pork (including bacon) had the lowest average TEQ levels (0.22-0.28 ppt) followed by
chicken (0.37 ppt), beef (0.68 ppt) and hamburger (1.4 ppt). This is similar to results of a recent
USDA dioxin survey in U.S. meat and poultry which showed that beef had the highest TEQ levels
compared to chickens and hogs (Huwe et al., 2004).

Unlike the PCDD/Fs and PCBs, beef appeared to have the lowest amounts of PBDEs, while
chicken and pork had the highest on average (Table 1).  Two explanations for this difference are 1)
that the source of PBDE exposure for livestock is different than the source of dioxin exposure,
which is generally thought to be from environmental fallout onto forages and feed, or 2) that rumi-
nants, such as cattle, absorb less or metabolize and excrete more PBDEs than other livestock
species resulting in lower body burdens.  Little or no data exist on how PBDEs enter the food
supply or how they are distributed or excreted by animals. Hites et al. (2004a) have shown that
fish feed can be contaminated with PBDEs and may be related to elevated concentrations in
farm-raised fish.

Inspection of the individual samples, the mean, and the median values for the PBDE data,
showed that a few high samples were driving the average upward. In fact, the median value for
pork fat was 60% lower than the mean. One pork and two chicken samples were found to have
PBDE sums > 15 ng/g lipid. The two chickens were collected at the same time and location and
were the same commercial brand. The pork sample was collected at a different location.  The
presence of these outliers suggests that isolated sources of PBDEs may exist and, if tracked
down, may be removed from the food production chain.

Comparison of these market basket data with an earlier market basket study in the U.S.
(Fiedler et al., l997) showed that PCDD/F levels may have declined by 50% or more in retail pork
and chicken from the mid 1990s to 2001.  This downward trend was also observed in the recent
USDA survey of beef, pork, and poultry (Huwe et al., 2004).  Compared to European Union regula-
tory levels for dioxin TEQs (1 pg/g lipid for pork, 2 pg/g lipid for chicken, and 3 pg/g lipid for beef)
all samples would be in compliance.

This market basket study represents the largest collection of data on PBDE levels in U.S.
meat and poultry to date. Compared with data from Europe, beef samples were similar to meat
products analyzed
in Sweden (360
pg/g lipid)
(Darnerud et al.,
2001) and beef
levels reported
from Spain (290
pg/g lipid) (Bocio
et al., 2003). The
average PBDE
sums in pork and
bacon were up to
4-times higher
than pork products
from Spain (600
pg/g lipid) (Bocio
et al., 2003); how-
ever, the median
values were simi-
lar or lower than
the Spanish aver-
age. Total PBDEs
in U.S. chickens averaged 10-times
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Figure 1.  Contribution of individual PBDEs to the sum in various
meats and a penta-BDE commercial formulation (DE-71).  Values
are for lipid-adjusted concentrations with non-detects set to DL/2.



higher than chicken from Spain (250 pg/g lipid) (Bocio et al., 2003).
The contribution of individual PBDEs to the

total for each meat type is shown in Figure 1,
along with a typical pattern from a penta-BDE
commercial formulation (DE-71). For all meat
samples, BDE-47 and 99 were the largest con-
tributors to the PBDE sum, and the ratio of BDE-
47/99 was generally less than unity (aver-
age=0.78, range 0.3-3.0). This pattern strongly
resembles the penta-BDE formulation shown in
Figure 1 which has a BDE-47/99 ratio of 0.4. A
similar congener pattern has been seen in other
animal products from Canada (Ryan and Patry,
2001), Japan (Ohta et al., 2002), and the U.S.
(Huwe et al,. 2002; Schecter et al., 2004). In con-
trast, the congener patterns in fish and seafood
(Ohta et al., 2002; Schecter et al., 2004; Hites et
al., 2004a) and human samples (Ohta et al.,
2002; Ryan and Patry, 2001; Hites, 2004b) gener-
ally show a ratio of BDE-47/99 greater than 2.
For populations who are not largely fish eaters,
this implies that sources other than meat and
poultry may be contributing to their PBDE body
burdens or that PBDE congener pattern changes
occur in humans via selective uptake from foods
or via metabolism.

Conclusions Dioxin TEQs were found to be low
in all meat types analyzed, especially in pork,
and appear to be on the decline.  The average
PBDE concentrations present in certain U.S.
meats were high compared to European data
but were strongly influenced by a few outlying
values.  The high PBDE levels may reflect the
larger amount of penta-BDE being used in
North America (www.bsef.com). How PBDE
contaminants enter the food chain is unknown,
but may include animal feeds (e.g. fish meal),
environmental inputs (housing or litter), or even
food packaging materials. More data are need-
ed to investigate the inputs of PBDEs to the
food supply.
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Table 1. Concentrations of PCDD/F, coplanar PCB, and total
TEQs, individual PBDEs, and sums of the 6 major PBDEs in
hamburger, bacon, and meat trimmings on a pg/g lipid basis.
Sample data are blank-subtracted.  Values below the detec-
tion limit were considered non-detects (nd) and set to either
DL/2 or zero (in parentheses) before averages were calculat-
ed.  TEQs are calculated with 1998 WHO toxicity factors.
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OWN CHECK OF ANTIBIOTIC RESIDUES IN DANISH PIGS  

Jesper Valentin Petersen
Danish Bacon and Meat Council, Axeltorv 3, DK-1609 Copenhagen, Denmark, 
Ph:  045-33732686, Email: jvp@danskeslagterier.dk  

Abstract Examination of antibiotic residues in slaughter pigs has become an integrated part of the
Danish pig abattoirs’ own check program. The examination of antibiotic residues in pigs is done at
random and by suspicion. For slaughter pigs minimum 0.1 percent of the number of animals slaugh-
tered the previous year are examined at random. Each animal expected to contain residues must be
checked. Residues of veterinary medicines in Danish slaughter pigs are very rare. In 2004 one pig
out of 20,747 pigs checked at random (0.005 percent) was tested positive above the maximum per-
mitted level. Own checks of antibiotic residues have several advantages, especially immediate
access to monitoring results for the industry and they enable the abattoir to inform farmers and ask
them to perform corrective actions.  

Introduction The European Community (EC) has for many years maintained official surveillance of
residues in animal products, especially fresh meat. Own checks of residues in fresh meat were
introduced as a supplement to the official surveillance program at the latest amendment of this reg-
ulation in 1996 (Council Directive 96/23/EC)

In collaboration with other relevant co-operative organizations, a Code for Own Checks of
residues of antibiotics in fresh meat was elaborated in 2001.

The principle of own checks of antibiotic residues in pigs is introduced and commented on.
Results from the own checks covering the latest 3 years, and results from the Danish official surveil-
lance program covering the latest 10 years concerning slaughter pigs are presented.

Materials and Methods The EC regulation determine that abattoirs shall carry out own checks
which ensure 

< That only animals - whether by direct delivery or through an intermediary - for which the 
producer is able to guarantee that withdrawal times have been observed, are received;

< That no animal or animal product contain residue levels which exceed the maximum 
permitted limit;

< That no animal or animal product contain any trace of prohibited substances or 
products thereof.

Furthermore, the abattoir must ensure that only products from animals which comply with the above-
mentioned requirements are sold, and if the residue level exceeds the maximum permitted limit or con-
tains traces of prohibited substances the abattoir is obliged to inform the local authorities. 

Further information about maximum permitted levels is described in Annexes I to IV of Council
Regulation # 2377/90.

The involved Danish agricultural organizations have elaborated a code for own checks of residues
of antibiotics in fresh meat, and in 2003 the code was approved by the Danish Veterinary and Food
Administration. The code has to be incorporated in the own check program of the Danish abattoirs.

The code is a guideline for the abattoir on checks of slaughter animals that ensure compliance
with the requirements. In the code, residues mean residues of antibiotics and chemotherapeutics.
This definition is made on the basis of hazard identification.

The check of residues in slaughter animals consists of three parts:
1. Check of identity—On the basis of ear tags, tattoo numbers on the hams and truck driver’s

lists the abattoir shall identify each animal received and determine the farm of origin. Corrective meas-
ures: The abattoir must establish a procedure on how to handle unidentifiable animals, or animals
which are incorrectly marked. The abattoir shall define and describe the corrective measure towards
a farmer with unidentifiable animals or incorrectly marked animals in order to prevent it occurring
again.

2. Check of residues in slaughter animals at random—Frequencies of random tests: For slaughter
pigs minimum 0.1 percent of the number of animals slaughtered the previous year. For sows mini-
mum 0.85 percent of the number of animals slaughtered the previous year.

The test sampling is carried out according to an established random test scheme, where
animals and farmers are selected at random. The code describes an example of a method of selec-
tion of slaughter animals at random.

Abattoirs that yearly slaughter fewer than 1,000 pigs or 100 sows, shall select from each catego-
ry at least one sample at random. Carcasses selected for random sampling must be detained until
the test result is available. The sample (the one kidney) is forwarded to an accredited laboratory for
further examination. Once a year it must be checked out that the random sampling plan is carried
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out correctly. 
Discovery of residues: If the examination of the kidney at the laboratory reveals residues, the

second kidney, together with 100 g of muscle and the liver must be forwarded to another accredited
laboratory for verification. 

If the verification is positive, but the residue level does not exceed the maximum permitted level
the farmer is informed by the abattoir and a “deviation report” is elaborated, including an analysis of
the nature of the deviation.  

If the residue level does not exceed the maximum permitted level, the carcass or the meat is
released for human consumption. If the residue level does exceed the maximum permitted level, the
carcass or the meat is condemned.

The abattoir informs the local food authority about the positive verification and furthermore
informs them about the corrective measures taken towards the farmer. One effective corrective
measure taken towards a farmer, who has had a positive animal exceeding the maximum permitted
level, is a visit by an independent veterinarian from the Danish Bacon and Meat Council. At the visit,
all the conditions concerning use of antibiotics are examined, including routines about storage, treat-
ment and documentation. Especially, the critical points regarding the use of antibiotics must be
observed. If any failures or defects using antibiotics are detected, the veterinarian will propose
changes/improvements. The result of the visit is published in a report to the farmer with a copy to
the abattoir.

3. Check of residues in slaughter animals by suspicion—Each animal which can be expected to
contain residues, for example because of a mark of injection on the body or because the farmer has
informed the abattoir that the animal is accidentally delivered before expiry of the withdrawal time,
shall be tested.

Results/Discussion Table 1 shows the results from the Danish residue surveillance program from
1994 to 2004. Residues of veterinary medicines in Danish slaughter pigs have always been and are
still very rare. Results covering the last three years have not changed this figure.

During the ten-year period from 1994 to 2004 about 0.1 percent of all Danish slaughter pigs have
been monitored at random for residues of antibiotics. Only few pigs yearly (about 0.01 percent) have
been found positive. While the Danish abattoirs since 2001 have tested nearly 19,000 slaughter pigs a
year as own check, the Danish Veterinary and Food Administration tests about 2,000 – 3,000 pigs a year. 

Conclusions The introduction in 2001 of own checks in the Danish pig production which ensure 
< that only animals for which the producer is able to guarantee that withdrawal times have

been observed, are received, and
< that no animal or animal product do contain residue levels which exceed the maximum permit-

ted limit has not increased the numbers of antibiotic positive pigs and by thus reduced the food safety.
Additionally, the immediate access to monitoring results is a benefit for the Danish Bacon and

Meat Council. It enables the
organization to inform farmers
and ask them to perform cor-
rective actions. 
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Annexes I to IV of Council Regulation
no2377/90 (UNOFFICIAL Consolidated
version updated up to 22.12.2004 can
be found on
http://dg3.eudra.org/F2/mrl/index.htm)

Year
# Slaughter

Pigs
(Millions)

# Random
Samples:
Statutory

Checks (Own
Checks)

%
Pigs
Killed

#
Positive
Samples

Positive
Samples

(%)

1994 19.7 17,124 0.07 5 0.04
1995 19.7 17,083 0.09 5 0.03
1996 19.5 16,786 0.09 3 0.02
1997 20.4 16,454 0.08 4 0.02
1998 20.4 17,548 0.09 1 0.01
1999 20.4 18,126 0.09 3 0.02
2000 20.9 20,096 0.10 3 0.02
2001 20.9 9,339 (12,194) 0.10 1 0.005
2002 20.5 3,403 (19,943) 0.11 5 0.03
2003 21.0 3,808 (19,848) 0.11 5 0.02
2004 21.7 1,375 (19,372) 0.09 1 0.005

Table 1 Results of antibiotic residue examination of Danish slaughter
pigs 1994-2004 Since May 2001 the Danish abattoirs have monitored
the presence of residues of antibiot-ics as a part of the own checks
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USE OF A BACTERIOCIN-PRODUCER LACTOBACILLUS
SAKEI FOR FERMENTED SAUSAGES PRODUCTION

Kalliopi Rantsiou*, Rosalinda Urso, Giuseppe Comi, Luca Cocolin 
Dipartimento Scienze degli Alimenti, Università degli studi di Udine, via Marangoni 97, 33100, Udine, Italy, 
Ph: 0039/0432/590759, e-mail: lscocolin@uniud.it.

Abstract The aim of this paper was the technological characterization of a Lactobacillus sakei strain
able to produce the bacteriocin sakacin P. Experiments were conducted in vitro, using MRS-based
medium, and in vivo, when the strain was inoculated as starter culture in real sausage fermenta-
tion. The results obtained underlined that the strain was able to grow in conditions that are com-
monly used in the production line, and only lactose and high concentrations of NaCl (5% w/v)
affected the capability for bacteriocin production. When inoculated in sausages, it showed a good
performance, being able to colonize rapidly the ecosystem. A high number of isolates, producing
sakacin P, where found already from the third day of fermentation, and this number remained sta-
ble throughout the fermentation. The strain inoculated affected also the microbial trends, in fact
total bacterial count and fecal enterococci showed a rapid decrease at the end of the fermentation.

Introduction In the last decade, a new approach to food stabilization, based on the antagonism
displayed by one microorganism towards another, was established linking the lactic acid bacteria
(LAB) and protective cultures with biopreservation. According to Stiles (1996), biopreservation
refers to extended storage life and enhanced safety of food using their natural or controlled
microflora and (or) their antibacterial products.

The microbial interference caused by LAB is due to the production of organic acids and the
pH decrease, the competition for nutrients but it also correlates to the production of bacteri-
ocins. Adding a pure culture of the viable bacteriocin-producing LAB to a food comodity repre-
sents an example of biopreservation. This practice offers an indirect way to incorporate bacteri-
ocins in meat products and the success of the operation depends on the capability of the added
strain to grow and produce the bacteriocin under the fermentation conditions. The production of
a certain bacteriocin in laboratory media does not imply its effectiveness in a food system. When
evaluating a bacteriocin-producing culture for sausage fermentation or biopreservation, it is
important to consider that meat and meat products are complex systems with a number of fac-
tors influencing the microbial growth and the metabolite production. Therefore, the influencing of
formula and fermentation technology on the performance of bacteriocin-producing strains needs
to be tested (Hugas, 1998).

Within the frame of the European project “Safety of traditional fermented sausages: research
on protective cultures and bacteriocins”, contract n. ICA4-CT-2002-10037, we isolated a strain of
Lb. sakei that possessed antimicrobial activity towards Listeria monocytogenes. It was deter-
mined that the bacteriocin produced was sakacin P (Urso et al., 2004). In this paper, the techno-
logical characterization of the strain, in connection with its bacteriocin production, was carried
out, as well as the evaluation of its ability to conduct sausage fermentations. 

Materials and Methods The growth of Lb. sakei, and its capability to produce bacteriocin, was
tested in different conditions resembling the fermented sausage production line. Temperatures of
10, 14, 18 and 25°C, pH values of 6.0, 5.7 and 5.4, NaCl concentrations of 2, 3.5 and 5% (w/v),
glucose concentrations of 0.5, 1.0, 1.5% (w/v), lactose concentrations of 0.25, 0.5 and 1% (w/v)
and sucrose concentrations of 0.5, 1.0 and 1.5% (w/v) were selected. Growth was followed by
measuring the optical density (OD) of the cultures at 600 nm with the SmartSpecTM 3000 spec-
trophotometer (Biorad, Milan, Italy), while quantification of the bacteriocin was performed by the
critical dilution method, as suggested by Barefoot and Klaenhammer (1983), using as indicator
organism Listeria monocytognes, strain NCTC 10527. The experiments were performed twice
and samples were collected in duplicates.

Fermented sausages were prepared in a local meat factory using traditional techniques. The
200 kg batch was inoculated with about 7.5 x 105 cells/g. The ingredients were: pork meat (60
kg), lard (40 kg), a mix of sodium chloride (2.5 kg) and black pepper (70 g), sugars (1.5 kg), and
nitrite/nitrate (200 ppm). After amalgamation, stuffing of natural casings produced fresh sausages
25 cm long and 5 cm in diameter. The ripening was performed as follows: the first stage consist-
ed of 2 days drying with the relative humidity (RH) of 85% and a temperature of 22°C that was
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then decreased to 12°C, with a rate of 2°C per day with an RH between 60 to 90%. The ripening
was then carried out for 38 days at 12°C in storerooms with 65-85% RH. No smoke was applied
at any stage. The fermented sausages at 0, 3, 5, 7, 14, 21, 30 and 45 days were analyzed. Three
samples were collected and used for the analyses.

Potentiometric measurements of pH were made using a pin electrode of a pH-meter
(Radiometer Copenhagen pH M82, Cecchinato, Italy). Means and standard deviations were 
calculated.

The fermented sausages were subjected to microbiological analysis to monitor the dynamic
changes in the populations responsible for the ripening of fermented sausages and their hygienic
quality. In particular, 25 g of each sample were transferred into
a sterile stomacher bag and 225 ml of saline/peptone water (8
g/l NaCl, 1 g/l bacteriological peptone, Oxoid, Milan, Italy) were
added and mixed for 1 min and 30 s in a Stomacher machine
(PBI, Milan, Italy). Further decimal dilutions were made and
the following analyses were carried out on duplicate agar
plates: a) total bacterial count (TBC) on Peptone Agar (8 g/l
bacteriological peptone, 15 g/l bacteriological agar, Oxoid) incu-
bated for 48 – 72 h at 30°C; b) LAB on MRS agar (Oxoid) incu-
bated with a double layer at 30°C for 48 h; c) Coagulase nega-
tive cocci (CNC) on Mannitol Salt Agar (Oxoid) incubated at
30°C for 48 h; d) total enterobacteria and Escherichia coli on
Coli-ID medium (Bio Merieux, Rome, Italy) incubated with a
double layer at 37°C for 24-48 h; e) fecal enterococci on
Kanamycin Aesculin agar (Oxoid) incubated at 42°C for 24 h; f)
Staphylococcus aureus on Baird Parker medium (Oxoid) with
added egg yolk tellurite emulsion (Oxoid) incubated at 37°C for
24-48 h; g) yeasts and moulds on Malt Extract Agar (Oxoid)
supplemented with tetracycline (1 mg/ml, Sigma, Milan, Italy)
incubated at 25°C for 48-72h. For L. monocytogenes, the
ISO/DIS method (1990) was used, while for Salmonella spp.
the ISO/DIS method (1991) was applied. After counting,
means and standard deviations were calculated. At each sam-
pling point, 30 LAB strains, from MRS plates, were randomly
selected, streaked on MRS agar and after an overnight at 30°C
in MRS broth, stored at –20°C with 30% (v/v) glycerol.

The capability of the isolated strains to produce sakacin P
was assessed by both physiological and molecular methods.
The agar well diffusion assay (AWDA) using L. monocytognes
NCTC 10527 as indicator strain, was performed as described
by Schillinger and Lücke, 1987. Moreover, the sppA gene,
encoding for the SakP protein, was targeted in the isolated
strains using specific PCR primers, sakP_F and sakP_R, as
previously described by Reminger et al. (1996).

Results As reported in the materials and methods, growth was
monitored by measuring the OD at 600 nm, considering that a
value of 0.5 was equal to about 108 cells/ml, as determined
from plate counts (data not shown). The best growth was
observed at 25°C, were already at 20h the bacteriocin quantity
reached the maximum values measured. The acidification was
deep, in fact the strain was able to decrease the pH at values
of 4. At 18 and 14°C the cells reached values higher than 108/ml
and the acidification was good. Only at 10°C the growth and
acidification was not satisfactory, although the bacteriocin pro-
duction reached levels comparable with the other temperatures
tested. Based on the results obtained and considering its use in
the production line, the temperature of 18°C was chosen to per-
form the other characterization experiments.

Figure 1: Growth curves of the bacteri-
ocin producing strain in MRS medium
with different concentrations of sugars,
NaCl and diverse pH. Arbitrary units
are reported as well. The results report-
ed are the mean of duplicate samples.
(results continue on next page)



O
R

A
L

P
R

E
S

E
N

T
A

T
IO

N
S

137

SafePork 2005

The main parameters affecting the growth and the produc-
tion of bacteriocins (Figure 1) were determined to be the con-
centration of NaCl and lactose. As shown, with the increase of
the concentration of salt, from 2 to 3.5% already a difference
in the behavior of the bacteriocin production was observed.
Lb. sakei was able to grow, but the quantity of bacteriocin was
very low. When the concentration of NaCl increased to 5%,
the strain showed little growth and no bacteriocin production.
Concerning the lactose, in all the conditions tested, it did not
support significant growth of the strain, and also the produc-
tion of bacteriocin was not satisfactory. For the other condi-
tions tested, no significant differences were observed.
Different pHs did not affect the growth and the production of
the bacteriocin, nor did different concentrations of glucose and
sucrose, although sucrose was the sugar that allowed maxi-
mum values of OD.

As shown in Figure 2, LAB populations, potentially repre-
sented by the inoculated strain, showed a rapid increase in the
counts, and already at three days they reached values between
108-109 colony forming unit (cfu)/g, that remained stable
throughout the fermentation. Sausages were characterized by a
low impact of the CNC, while an increase of the TBC and fecal
enterococci was observed within the first 20 days of fermenta-
tion. TBC started to decrease after that time, whereas the fecal
enterococci remained at high counts until the last day of fer-
mentation where they showed a steep drop from 105 to 102

cfu/g. Yeasts and E. coli showed low counts, and total enter-
obacteria decrease gradually during fermentation. S. aureus
was always below 50 cfu/g, as well as the moulds. Salmonella
spp. were always absent in 25 g of product and L. monocyto-
genes isolated at zero days, was absent in the following stages
of fermentation. On the 30 strains isolated at each sampling
point at zero days we found a very low number of producing
strains, while for the rest of the fermentation this number
increased. The same results were obtained when the strains
were subjected to sakacin
P specific amplification. The
pH showed the classical
trend typical of the sausage
fermentation: within the
first 7 days of fermentation
a deep acidification was
observed. The values from

5.9 decreased to 5.3. After that time, it started to increase
reaching a final value of about 6.

Discussion In the meat fermentations, the use of starter cul-
tures is a commonly used procedure. It assures safety of the
product and stability of the aromatic and sensory profile of the
sausages produced by a specific industry. Despite these advan-
tages introduced by the use of commercial starters, meat
processors, often are not completely satisfied with the starter-
mediated fermentations. 

The aim of this paper was to characterize by the technolog-
ical point of view a “wild” strain of Lb. sakei, isolated from
naturally fermented sausages, that exhibits antimicrobial activi-
ty towards L. monocytogenes. 

Lb. sakei showed a different growth behavior when differ-



ent temperatures were tested. Passing from 25 to 10°C a progressive extension of the lag phase
was observed, and at 10°C the growth was pretty weak. The same trends, in connection with the
increase of the cell numbers, were observed for the acidification. 

To carry out the other tests selected for the technological characterization, the temperature of
18°C was selected. The main effect on the growth and bacteriocin production was observed
when lactose was added to the medium. No influence was observed for the different values of
pH, while a strong impact was determined when using different concentrations of salt. 

Finally, the strain characterized was used as a starter culture in real sausage fermentation. It
was able to establish itself during fermentation and this is supported by both the LAB counts
reached (109 cfu/ml) and by the evidence that at each sampling point, for a large number of iso-
lates it was possible to amplify the sakacin P gene by specific PCR. Concerning the influence of
the starter used on the microbial ecology of the fermented sausages, as determined by traditional
plating, it is important to highlight that especially the counts of TBC and fecal enterococci,
showed a significant decrease starting from day 21 and day 30, respectively. Moreover, L. mono-
cytogenes detected at 0 days, as reported in the results, was not isolated at later stages. The pro-
duction of bacteriocin may have a role in the inactivation of L. monocytogenes present on the
fresh sausages.

Conclusions Selection of strains, autochthonous to fermented meat products, that have evolved
in order to perform the fermentation of traditional products can lead to the production of product-
specific starter cultures. It can be argued that this procedure is helping in the effort to maintain
and preserve the organoleptic characteristics of traditional products and is promoting a standard-
ized production. In this work the technological characterization of such a strain was described. In
addition, the potential use of strain as a biopreservation agent, through the production of a bacte-
riocin, was evaluated. 
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Figure 2: Trends of the populations monitored during
the fermentation of the sausages inoculated with Lb.
sakei. Abbreviations: LAB, lactic acid bacteria; CNC,
coagulase negative cocci, TBC, total bacterial count.
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CHLORATE AND DISINFECTANT MODIFY SALMONELLA
ENTERICA SHEDDING IN WEANED PIGS
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*University of Wisconsin-Madison, School of Veterinary Medicine, Dept. of Comparative Biosciences, 2015 Linden Drive,
Madison, WI 53706-1102, Phone: (608) 263-5878 Fax: (608) 263-3926, prapas@vetmed.wisc.edu, 1University of Wisconsin-
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Abstract The effects of chlorate administration, age at weaning (10 and 21 days), and topically
applied disinfectant on Salmonella enterica shedding were evaluated in 80 weaned pigs naturally
exposed to Salmonella positive dams. Salmonella spp. were qualitatively detected in samples col-
lected on  post-weaning days (PWD) -2, 10 and 14 and the concentration estimated for samples
collected PWD 0, 5 and for PWD 14 cecal content.

Lower Salmonella prevalence was found in chlorate treated pigs for all post-treatment qualita-
tive samples. An interaction was detected between chlorate and disinfectant for PWD 10 fecal
samples and between age at weaning and chlorate for PWD 14 fecal samples. Chlorate reduced
number of Salmonella spp. in PWD 5 fecal samples and in PWD 14 cecal samples. Early weaned
pigs had a less Salmonella in cecal content and lower prevalence in ileocecal lymph nodes than
did late weaned pigs.

Introduction Salmonella spp. have been commonly detected in U.S. swine herds. In a study of
160 randomly selected herds, Salmonella spp. were detected fecal samples from 61 herds
(38.2%) (Anonymous, 1995). In Midwest U.S. herds, 80 of 134 (60%) had one or more culture
positive ileocecal lymph node sample (Bahnson et al., 2003). Salmonella spp. have been detected
in 4.3% of carcasses tested by regulatory authorities in the U.S during the period 1998-2003
(Anonymous, 2004). If recontamination of live pigs and carcasses can be prevented, on-farm elim-
ination or reduction of Salmonella in the pig gut would enhance pork food safety.

Elimination of Salmonella spp. by segregated early weaning has been previously documented.
Salmonella were eliminated from groups of pigs maintained in narrow age ranges in segregated
nurseries. However, the technique was not effective in all groups (Fedorka-Cray et al., 1997).
Salmonella choleraesuis, a host-adapted serovar, was successfully eliminated by offsite weaning
from a single herd of pigs. (Nietfeld et al., 1998)

Administration of a single dose of sodium chlorate reduced the concentration of Salmonella
Typhimurium by 1.4-2.7 logs in cecal content of challenged pigs. (Anderson, et al., 2001).
Consequently, chlorate may be useful to reduce or eliminate Salmonella spp. in conjunction with
segregated early weaning. The objectives of this study were to determine whether age at wean-
ing, application of topical disinfectant, and/or administration of sodium chlorate modify the shed-
ding of Salmonella spp. among pigs exposed to naturally infected dams during lactation.

Materials and Methods A farm was selected as the source of weaned pigs based on a history of
Salmonella spp. detected in weaned pigs. Fecal samples (10g) were tested for Salmonella from
sows 0-2 days after giving birth. Litters from sows with Salmonella-positive fecal samples and
with at least eight viable pigs were eligible for selection. Non-viable pigs were defined as being at
least 30% lower weight than their littermates. Among viable pigs, eight were randomly chosen
per litter. One pig from each litter was randomly assigned to one of eight treatment combinations
in a 2x2x2 randomized block study design. The treatments were: 1) early- (10 days of age, EW) or
late- (21 days of age, LW) weaning 2) administration of chlorate in water or plain water (CLOR),
and 3) application of a topical disinfectant (DIS). Upon arrival to an isolation facility, pigs in the
chlorate treatment group were given 10ml water with sodium chlorate (100mMol), sodium nitrate
(2.5mMol), and sodium lactate (20mMol). These pigs were also provided the chlorate/nitrate/lac-
tate mixture in the drinking water for five days. The concentration was formulated such that total
chlorate consumption was expected to be 80 mg/kg/day, as previously described (Anderson et al.,
2004). Povidone iodine was applied topically to pigs in disinfectant+ groups by drenching pigs as
they arrived at the isolation facility.  

Pigs were transported to a sanitized isolation facility at either 10 or 21 days of age.  Five pigs
were housed together in each of eight rooms. The study was replicated once, for a total of 80
pigs.  To minimize the potential transfer of Salmonella between rooms, separate coveralls and
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boots were kept at each room.  In addition, personnel used disposable gloves and hairnets, dis-
carding these between rooms.  

Fecal samples were collected on post-weaning days (PWD) -2, 0, 5, 10, and 14 relative to
weaning. In addition, on PWD 14, samples of ileocecal lymph nodes and cecal content were col-
lected after humane euthanasia using an overdose of pentobarbital. Conventional bacterial culture
techniques were used for qualitative detection of Salmonella in fecal samples collected on PWD -
2, 10 and 14, and for the ileocecal lymph node samples. Briefly, 3g of feces were homogenized in
30 ml of tetrathionate broth (TT), then incubated at 37°C for 42-48 hours. A 100 µl aliquot of TT
broth was transferred and incubated in 10 ml of R-10 broth at 37°C for 18-24 hours. A loopful of R-
10 broth was streaked onto an XLT-4 (Xylose-Lysine-Tergitol-4) plate and then incubated at 37°C
for 18-24 hours. One suspect colony was plated onto a brilliant green (BG) plate. Identity as
Salmonella spp. was confirmed using polyvalent Salmonella antibodies (Salmonella Polyvalent O
Agglutinating Sera A-G, Fisher Scientific Ltd®.)

A most probable number (MPN) method (Blodgett, 2003) was used to quantify the number of
Salmonella spp. in PWD 0 and 5 fecal samples and for PWD 14 cecal content. Three grams of each
sample was assayed using three replicates of four ten-fold dilutions. All sample dilutions were then
processed following the bacterial culture described above, except that the volume of TT was 10ml
per tube. The MPN was computed using a spreadsheet program (Blodgett, 2003).  After finding sev-
eral samples with all 12 tubes with positive growth in the first set of samples collected, two addi-
tional dilutions were added for a total of 18 tubes per sample for all remaining samples. Log trans-
formed MPN estimates were analyzed by using SAS PROC MIXED (Version 9.1, SAS Inst., Inc.,
Cary, NC, USA) with random effects for litter and reported as log MPN per gram of sample.
Qualitative outcomes were analyzed as log-odds (logit) using SAS PROC GLIMMIX (Version 9.1, SAS
Inst., Inc.). All treatment effects with statistical significance at p<0.05 are reported.

Results Two days prior to weaning, 56.3% (45/80) of all fecal samples were Salmonella-positive.
Although not statistically different, among EW pigs 62.5% (25/40) and among LW pigs 50%
(20/40) had Salmonella culture-positive fecal samples. At weaning, the mean MPN of Salmonella/g
feces was 102.29 CFU/g. A lowered risk of PWD 10 fecal culture positive status was associated
with chlorate (CHLOR+ 43.6%, 17/39 vs. CHLOR- 71.4%, 28/39), earlier weaning age (EW 48.7%,
19/39 vs. LW 66.7%, 26/39) and topical disinfection (DIS+, 43.6%, 17/39 vs. DIS-, 71.8%, 28/39).
A treatment interaction was also detected between chlorate and disinfectant; the proportion of
Salmonella-positive pigs was 15.79% (3/19) for CHLOR+, DIS+, 70.0% (14/20) for CHLOR+, DIS-,
73.68% (14/19) for CHLOR-, DIS+, and 70.0% (14/20) for CHLOR-, DIS-.

Chlorate was associated with lower MPN for PWD 5 feces, with 101.88 colony forming units
per gram (CFU/g) detected in CHLOR- and 100.35 CFU/g among CHLOR+ pigs.  Chlorate was
associated with decreased MPN in cecal content. The mean CFU for CHLOR- pigs was 101.93 and
among CHLOR+ pigs was 100.48.  In cecal content EW pigs had lower (100.77 CFU/g) numbers
of Salmonella when compared to LW pigs (101.63CFU/g).

For PWD 14 fecal samples, the proportions of Salmonella-positive pigs in CHLOR+/- groups
were 45.0% (18/40) vs. 79.6% (30/39), respectively. Culture prevalence in DIS+ groups was
46.2% (18/39) vs. 75.0% (30/40) in DIS- groups. A interaction was detected between chlorate and
age at weaning for PWD 14 fecal samples; the prevalence was 55.0% (11/20) for CHLOR+, EW
pigs, 35.0% (7/20) for CHLOR+, LW pigs, 60.0% (12/20) for CHLOR-, EW, and 94.74% (18/19) for
CHLOR-, LW pigs.

Both CHLOR+ and EW groups were at decreased risk for Salmonella carriage in ileocecal
lymph nodes. Salmonella were detected in 45% (18/40) of CHLOR+ pigs and 66.7% (26/39) in
CHLOR- pigs. The proportion of pigs with Salmonella-positive ileocecal lymph nodes in the EW
and LW pigs was 40% (16/40) vs. 71.8 % (28/39), respectively.

Shedding of Salmonella at weaning was associated with the age at weaning. The concentra-
tion of Salmonella spp. at weaning for EW pigs was 101.63 and was 100.77 CFU/g among LW pigs.

Discussion Chlorate substantially reduced the concentration and prevalence of Salmonella spp.
shed in feces, demonstrating that chlorate administration can be effective in reducing the shed-
ding of Salmonella in weaned pigs. This effect has previously been observed in experimental
Salmonella challenge model that demonstrated a 1.4-2.8 log reduction using a single dose of chlo-
rate (Anderson, et al., 2001). The current study documents that this effect can also be realized
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with natural exposure to shedding dams in a commercial-style farm setting.
Although effective at reducing shedding, the treatments tested were insufficient to break the

cycle of Salmonella transmission from mother to offspring. In contrast to reported cases, the cur-
rent study ensured exposure by testing and selecting shedding dams, something not reported in
prior work (Fedorka-Cray, et al., 1997, Neitfeld, et al, 1998).

In combinations, the treatment effects were additive in reducing the concentration of
Salmonella in all tested samples and additive in reducing log-odds of shedding in all qualitative
samples except PWD 10 and 14 fecal samples. For PWD 10 fecal samples, a meaningful reduction
in prevalence was found only for pigs that were given chlorate and disinfected, and for PWD 14
fecal samples, only for pigs given chlorate and weaned at 21 days of age. These interactions were
not detected for all sample outcomes. The reasons the apparent inconsistent findings is not clear.  

Both the duration of the chlorate treatment and the duration of follow-up testing were relative-
ly short in the current study. Although not detected 10 days after discontinuing treatment,
Salmonella shedding might later rebound in treated pigs. Consequently, longer term study of the
residual effects is justified. Long-term administration and changes in dose of sodium chlorate
should be assessed. 

Conclusions Sodium chlorate, used alone or combination with early weaning and/or topical disin-
fection is effective in reducing Salmonella concentration in feces and cecal content, and in reduc-
ing Salmonella prevalence in feces and ileocecal lymph nodes. These findings may aid in the
development of techniques to reduce Salmonella shedding in nursery pigs and may be consid-
ered in programs designed to reduce or control Salmonella as a potential foodborne pathogen.  
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EFFECT OF SODIUM [36Cl]CHLORATE DOSE ON TOTAL
RADIOACTIVE RESIDUES AND RESIDUES OF PARENT
CHLORATE IN SWINE

David J. Smith*1 and Robin C. Anderson2

*1USDA ARS Biosciences Research Laboratory, 1605 Albrecht Blvd., Fargo, ND, 58105-5674, USA, Ph: 701-239-1238, Email:
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Abstract Sodium chlorate effectively reduces the numbers of gram-negative pathogens in gas-
trointestinal tracts of live animals when administered in the 24 to 72 hour period prior to slaugh-
ter. It is believed that a chlorate-based product could be a cost-effective and efficient method to
reduce the contamination of carcasses during animal processing. The purpose of this study was
to determine a dose of sodium chlorate in swine that would result in chlorate residues below FDA
CVM-estimated safe tissue concentrations. Three sets of swine (one barrow and one gilt each)
were dosed with 20, 40, or 60 mg/kg sodium [36Cl]chlorate dissolved in drinking water during a 24-
hour exposure period. Animals were slaughtered after a 24-hour withdrawal period and edible tis-
sues were removed and analyzed for chlorate content. Total radioactive residues and chlorate
residues in edible tissues and excreta of swine will be reported.

Introduction A significant problem in the swine industry is the post-harvest contamination of ani-
mal carcasses with gram-negative bacteria that may subsequently cause human illness.  Although
several post-harvest intervention strategies have been developed that reduce the number of
these pathogens on animal carcasses, none are entirely satisfactory because of cost, consumer
or packer acceptance, or lack of efficacy. A fundamental problem with post-harvest intervention
strategies is that they are directed towards the remediation of carcasses already contaminated
with pathogens.

Anderson et al (2000) recognized that sodium chlorate (NaClO3-) has the potential to serve as
an extremely effective pre-harvest food safety tool in live animals. Gram-negative pathogens such
as E. coli O157:H7 and Salmonella species contain respiratory nitrate reductase that normally
allows the bacteria to convert nitrate to nitrite (Stewart, 1988). Anderson et al realized that chlo-
rate may also serve as a substrate for respiratory nitrate reductase and that it could be converted
to the bacterial toxin chlorite by nitrate reductase (ClO2-; van Wijk and Hutchinson; 1995). The vast
majority of bacteria present in swine, however, do not possess nitrate reductase activity, making
this enzyme an attractive target for development of a pathogen specific control agent. Knowing
that chlorite is cytotoxic to bacteria, Anderson et al. hypothesized that when sufficient levels of
chlorate are present in the alimentary tract, pathogens containing nitrate reductase will generate
“suicidal” levels of chlorite and will die; those organisms that do not express nitrate reductase
were proposed to be unaffected by chlorate.

In vivo studies in both ruminants and non-ruminants have validated this hypothesis. For exam-
ple, chlorate significantly reduced E. coli O157:H7 populations in gastrointestinal tracts of cattle
and sheep (Callaway et al., 2002; Callaway et al, 2003), but had little effect on bacterial counts of
total culturable anaerobes in ruminal fluid (Anderson et al., 2000). Market-age broilers given
access to a chlorate-containing product during the 48 hours prior to slaughter had significant
reductions (40-99%) in crop and cecal Salmonella populations (Byrd et al, 2003).

In swine, treatment with chlorate is highly effective at reducing populations of both E. coli
O157:H7 (Anderson et al, 2001a) and Salmonella serotype Typhimurium (Anderson et al., 2001b;
2004). Gastrointestinal levels of E. Coli O157:H7 decreased 1.03 to 2.9 log units (a 62 to 99.9%
reduction, depending on tissue) when sodium chlorate was administered to experimentally infect-
ed pigs (Anderson et al, 2001a) and euthanized 8 hours after the last chlorate administration. In
weaned pigs artificially infected with Salmonella Typhimurium (Anderson et al, 2001b), a huge dif-
ference in pathogen numbers existed between control animals and chlorate treated animals. For
example, pigs treated with chlorate contained only about 3 colony-forming units (CFU) of
Salmonella Typhimurium per gram of cecal contents, whereas control animals contained approxi-
mately 1,400 CFUs of the pathogen. Commensurate with these results are those of Anderson et
al, (2004) who demonstrated that chlorate eliminates Salmonella Typhimurium in finishing hogs.
Both numbers of CFUs in cecal contents and the incidence of animals testing positive for
Salmonella were decreased after treatment with chlorate. Independently, Burkey et al have shown
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that sodium chlorate feeding reduces fecal shedding of Salmonella enterica in swine (Burkey et al,
2004) and that sodium chlorate did not adversely affect animal performance (Burkey et al, 2003). 

Studies investigating sodium chlorate in live hogs have progressed to the degree that knowl-
edge of chlorate residues in swine is critical to further development of a chlorate-based product.
Because sodium chlorate is not naturally occurring and will ultimately be added to swine feed or
water, the US FDA CVM must approve its use. To date, no studies have been conducted investi-
gating the magnitude of residues or degree of chlorate metabolism in hogs. Because the US FDA
has provided the authors with provisional safe tissue concentrations of chlorate and chlorite, a
benchmark exists with which to compare chlorate residues in treated swine. Therefore the objec-
tive of this study was to investigate the fate of radiolabeled chlorate (Na36ClO3) in swine with par-
ticular emphasis on determining a dose of chlorate that will result in safe residue concentrations
in edible tissues. These data will either support or refute the safe use of sodium chlorate in hogs. 

Materials and Methods Radiolabeled sodium chlorate (Na36ClO3) was synthesized by Ricerca
Biosciences (Concord, OH) and purified in-house to a radiochemical purity of greater than 99%
using Sephadex G-10 as described by (Ruiz-Cristin et al, 1989). Radiochemical purity of the puri-
fied sodium [36Cl]chlorate was assessed using ion and paper chromatographic techniques.
Radiolabeled sodium chlorate was diluted with unlabelled sodium chlorate to a specific activity of
approximately 0.18µCi/mg (~400 dpm/µg).  There was no control article used in this study.

Seven cross-bred, weaned barrows (4) and gilts (3) (approximately 10 kg) were purchased, ear
tagged, and weighed. Animals were provided ad libitum access to feed during the adaptation and
training period. Six animals served as test animal and one barrow served as a source of control
tissue. Hogs were adapted for 1 week prior to the initiation of training; swine were trained to
metabolism crates and trained to drink from water bottles.

Animals were provided water containing sodium [36Cl]chlorate (7.5, 15, and 22.5 mM; approxi-
mately 20, 40, and 60 mg/kg bw) and 2.5 mM sodium nitrate (Anderson et al, 2001b) for a 24
hour period. Sodium nitrate has been shown to induce respiratory nitrate reductase and renders
target pathogens more susceptible to chlorate (Jung et al, 2003). After the 24-h exposure period,
water was removed from each hog and replaced with untreated water for a 24 hour period. All
urine and feces were collected (0-12, 12-24, 24-36, 26-48 h) during the dosing and withdrawal
periods. Twenty-four hours after the final exposure to Na36ClO3 animals were slaughtered by cap-
tive bolt followed by exsanguination; blood was be collected into a heparinized basin, weighed
and sampled. Adipose tissue, brain, diaphragm, gastrointestinal tract, kidney, liver, lung, skeletal
muscle, skin, spleen, thyroid, and stomach was removed and weighed. 

Radioactivity in tissues, urine, and fecal samples will be determined as described by Smith et
al (2005).The identity of metabolites in tissues (after extraction with water and SPE cleanup) and
urine will be determined using ion chromatography [HPLC and(or) TLC] and co-chromatography
with chlorate, chlorite, chloride, and(or) perchlorate standards. Quantitative analysis of metabolites
will be accomplished using radiochromatorgraphy, liquid scintillation of metabolites trapped as
they elute from the HPLC column, and(or) with the use of a Bioscan TLC plate reader.

Results At this writing, the analytical phase of the experiment is incomplete. Tissue residue data
will either support or refute the concept that chlorate may be safely used in commercial swine
operations. 

Discussion Several facets of sodium chlorate make its development as a pre-harvest food safety
tool appealing. First, oral chlorate clearly works in swine to reduce pathogen loads. Second, chlo-
rate is inexpensive and is easily formulated into water or premixes. Third, chlorate salts are palat-
able and oral delivery is feasible. Fourth, the US FDA Center for Veterinary Medicine (FDA-CVM)
has provided provisional safe tissue concentrations (pSTC) for chlorate and chlorite residues in edi-
ble tissues of food animals. The availability of pSTCs provides “benchmark” residue concentra-
tions that are extremely beneficial during the development of a practical product. Fifth, the envi-
ronmental impact of chlorate feeding will likely be negligible because chlorate-metabolizing bacte-
ria are surprisingly ubiquitous in the environment (Coats et al., 1999). And sixth, parent chlorate
excreted from dosed animals could potentially reduce burdens of pathogens present in animal
facilities and decrease the rates of pathogen transmission. 

In order for the continued development of chlorate as a pre-harvest food-safety tool, chlorate
residues in edible tissues of food animals must be shown to be inconsequential to human health.
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To this end, Smith et al. (2005) used a Na36ClO3- tracer to demonstrate that chlorate (ClO3-) is rapid-
ly metabolized to chloride (Cl-) by cattle and demonstrated that chloride is the major chlorate-
derived residue present in edible tissues. Because chloride is a nutrient, its presence in edible tis-
sues of food animals is inconsequential from a food safety point of view. Chlorite, a metabolite of
chlorate also of toxicological concern, was absent from beef tissues. In cattle, residues of parent
chlorate fell well below the estimated safe tissue concentration provided by the FDA Center for
Veterinary medicine, even when animals were dosed at 1.5 times the anticipated chlorate use level
(Smith et al., unpublished).  Similar residue profiles in swine should lead to further opportunities to
investigate the efficacy of chlorate in larger sets of animals.

Conclusions Data generated in this study will support or refute the hypothesis that sodium chlo-
rate may be safely used as a pre-harvest food safety tool in swine.

References
Anderson, R. C., Buckley, S. A., Kubena, L. F., Stanker, L. H., Harvey, R. B., Nisbet, D. J. 2000. Bactericidal effect of sodium chlo-
rate on Escherichia coli O157:H7 and Salmonella Typhimurium DT104 in rumen contents in vitro. J Food Prot 63:1038-1042.

Anderson, R. C., Buckley, S. A., Callaway, T. R., Genovese, K. J., Kubena, L. F., Harvey, R. B., Nisbet, D. J. 2001a.  Effect of
sodium chlorate on Salmonella Typhimurium concentrations in the weaned pig gut. J Food Prot 64:255-258.

Anderson, R. C., Callaway, T. R., Buckley, S. A., Anderson, T. J., Genovese, K. J., Sheffield, C. L., Nisbet, D. J. 2001b. Effect of
oral sodium chlorate administration on Escherichia coli O157:H7 in the gut of experimentally infected pigs. Int J Food
Microbiol  71:125-130.

Anderson, R. C., Hume, M. E., Genovese, K. J., Callaway, T. R., Yung, Y. S., Edrington, T. S., Poole, T. L., Harvey, R. B., Bischoff,
K. M., Nisbet, D. J. 2004. Effect of drinking-water administration of experimental chlorate ion preparations on Salmonella
enterica serovar Typhimurium colonization in weaned and finished pigs. Vet Res Commun 28:179-189.

Burkey, T. E., Dritz, S. S., Minton, J. E. 2003. Effect of sodium chlorate on growth performance of nursery pigs. 
J Anim Sci 81(Suppl. 2):64.

Burkey, T. E., Dritz, S. S., Nietfeld, J. C., Johnson, B. J., Minton, J. E. 2004. Effect of dietary mannanoligosaccharide and sodi-
um chlorate on the growth performance, acute-phase response, and bacterial shedding of weaned pigs challenged with
Salmonella enterica serotype Typhimurium. J Anim Sci 82:397-404.

Byrd, J. A., Anderson, R. C., Callaway, T. R., Moore, R. W., Knape, K. D., Kubena, L. F., Zimprin, R. L., Nisbet, D. J. 2003.
Effect of experimental chlorate product administration in the drinking water on Salmonella Typhimurium contamination of broil-
ers. Poult Sci 82:1403-1406.

Callaway, T. R., Anderson, R. C., Genovese, K. J., Poole, T. L., Anderson, T. J., Byrd, J. A., Kubena, L. F., Nisbet, D. J. 2002.
Sodium chlorate supplementation reduces E. coli O157:H7 in cattle. J Anim Sci 80:1683-1689.

Callaway, T. R., Edrington, T. S., Anderson, R. C., Genovese, K. J., Poole, T. L., Elder, R. O., Byrd, J. A., Bischoff, K. M., Nisbet, D. J.
2003.  Escherichia coli O157:H7 populations in sheep can be reduced by chlorate supplementation. J Food Prot 66:194-199.

Coats, J. D., Michaelidou, U, Bruce, R. A., O’Conner, S. M., Crespi, J. N., Achenbach, L. A. 1999. Ubiquity and diversity of dis-
similatory (per)chlorate-reducing bacteria. Appl Environ Microbiol 65:5234-5241.

Jung, J. S., Anderson, R. C., Byrd, J. A., Edrington, T. S., Moore, R. W., Callaway, T. R., McReynolds, J., Nisbet, D. J.  2003.
Reduction of Salmonella Typhimurium in experimentally challenged broilers by nitrate adaptation and chlorate supplementation
in drinking water.  J Food Prot 66:660-663.

Ruiz-Cristin, J., Chodera, A. J., Briskin, D. P. 1989. A modified method for the production of 36ClO3- for use in plant nitrate
transport studies. Anal Biochem 182:146-150.

Smith, D. J., Anderson, R. C., Ellig, D. A., and Larsen, G. 2005. Tissue distribution, elimination, and metabolism of dietary
sodium [36Cl]chlorate in beef cattle. J Ag Food Chem 53:4272-4280.

Stewart, V. 1988. Nitrate respiration in relation to facultative metabolism in enterobacteria. Microbiol Rev 52:190-232.

van Wikj, D. J., Hutchinson, T. H. 1995.  The ecotoxicology of chlorate to aquatic organisms:  A critical review. Ecotoxicol
Environ Saf 32:244-253.



O
R

A
L

P
R

E
S

E
N

T
A

T
IO

N
S

145

SafePork 2005

EFFECTIVENESS OF SALMONELLA CONTROL 
STRATEGIES IN FATTENING PIGS
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Abstract The first aim of this study was to examine which control mechanism is the most effec-
tive and profitable to control Salmonella in fattening pigs. Three treatments at farm-level are exam-
ined: 1) hygiene and management measures; 2) acidified feed; 3) acidified drinking water. The sec-
ond aim of this study was to examine the correlation between the Salmonella blood titre
(immunology S/P value) and the Salmonella excretion in faeces of the slaughtered pig.

Acidified drinking water and acidified feed showed significance reduction of the Salmonella
prevalence in fattening pigs. Acidified drinking water showed improvement of the daily gain and
feed conversion and is therefore the most profitable control strategy. Farms with high status or
mean S/P value had significance more Salmonella excreted pigs than farms with low status or
mean S/P value. Focusing on the height of the Salmonella titre on farm level reduces the chance
of contamination of the meat processing plant. 

Introduction Salmonella spp. has often been mentioned as one of the main bacteria that can
cause illness in humans and is therefore a health risk (Berends et al., 1998; Leclerc et al., 2002;
Gomez et al., 1997). Contamination of meat and meat products with Salmonella spp. is of grow-
ing concern in the modern pig livestock sector. This concern is related to public health, animal
health and welfare and to international trade of animals and products of animal origin.

In Denmark, 22.2% of 1,363 investigated pig herds were Salmonella positive by microbiologi-
cal testing (Baggesen et al, 1999). In Belgium, 92% of the herds were found positive (Nollet et al,
2004), in Canada 67% (Rajic et al, 2005). Berends et al (1998) estimated that 25-30% of primal
cuts and retail-ready pork in butchers’ shops are contaminated with Salmonella while this figure is
50-55% for minced pork and pork sausages. Approximately 22% of the 50,000 Dutch human
cases of salmonellosis in 2003 can be attributed to consumption of contaminated pork
(Valkenburgh et al, 2004) 

These figures show that control strategies to reduce the risk of Salmonella infection in both
pigs and humans are needed and several countries have started with its implementation. These
control strategies are merely based on neutralization of specific risk factors like (a) prevention of
introduction of the pathogen to the farm, (b) prevention of transmission between units within an
infected herd, (c) prevention of colonization of the pathogen within the host, (d) prevention of
cross-contamination during transport, slaughter and product handling in the meat processing
industry (VanderWolf et al, 2001a; VanderGaag and Huirne, 2002; Lo Fong Wong et al, 2004).

Prevention of introduction to a pig herd can (at least partly) be achieved by buying piglets that
are not infected with Salmonella (e.g. SPF piglets) and maintaining a strict hygiene protocol for
people and goods. Prevention of colonization can be induced by antimicrobial growth promoters
(Baggesen et al, 1999), use of acidified drinking water (VanderWolf et al, 2001b) or by feeding fer-
mented feed (VanWinsen et al, 2000, 2001). Acidification might have a direct toxic effect on the
pathogens (VanWinsen et al, 2000) while its effect on the micro flora in the gut and thus on the
colonization and growth of Salmonella still is unclear (VanWinsen et al, 2001).

In the current study we examined the effect of acidified drinking water, acidified feed and an
improved hygienic management on the level of antibodies in finishing pigs. Therefore, 36 herds were
sampled 8 times within 2 years while the intervention measures were applied after the first year. 

Materials and Methods
Participating herds In March 2002, 50 farmers running a pig fattening herd were approached to
participate in the study. The farmers obtained the feed of a specific feed mill (Hendrix UTD Feed,
Lochem) and their pigs were slaughtered in a specific factory (Hendrix Meat Group, Meppel).
During the study, 14 herds were withdrawn for various reasons (end of farming, change of feed
supplier, decreasing interest and motivation).

Pig fattening herds (n = 36) were followed over a full period of 2 years (March 2002–March
2004). Blood samples were taken four times a year at regular intervals at the slaughter line from 15
randomly selected fattening pigs. Samples were collected immediately after bleeding and sent to
the Animal Health Service to determine the level of Salmonella antibodies by an indirect ELISA
using LPS antigen of S. Typhimurium and S. Livingstone (VanderWolf et al, 2001c) that represent
over 90% of all S. enterica serovars found in Dutch finishing pigs (VanderHeijden et al, 1998). S/P
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ratios (Sample to Positive control) were calculated for each sample using optical densities (OD %).
Based on the average S/P of the 60 samples taken in the first year, the herd was assigned a

Salmonella status. Herds with status 1 had an average S/P below 0.10 (low infection level), herds
with status 3 (high infection level) had an average S/P higher than 0.40, while status 2 herds were
in between (moderate infection level).  

After the first four samplings, herds were assigned to one of four groups with different control
strategies. One group consisted of all 11 herds that had status 1; in this group no control strategy
was implemented. The other herds were assigned to three treatment groups. 

Treatment consisted of improving hygiene and management, 5 herds, by using a HACCP
based Salmonella controlling program, acidified feed, 10 herds; 0.85 % Selko®- RAMF; mixture of
Formic acid and Ammoniumformate) or acidified drinking water, 10 herds; 0,2 % Selko-pH®; mix-
ture of Formic acid and Ammoniumformate; acetic acid). Assigning herds to treatment groups
was not fully random, e.g. herds with stainless steel or PolyVinylChloride waterworks were pref-
erentially assigned to the acidified water group because of insensitivity to acidulous corrosion. 
Herd visits In March 2003 and March 2004 all participating herds were visited by technical advi-
sors. In March 2003, samples were taken from feed, water and the environment of all status 2
and status 3 herds (treatment groups only). Faecal samples were taken at both visits from 2 pigs
out of each age group (less than 1 week old, 1-2 weeks old, 8-10 weeks old and 14-16 weeks old)
in all 37 herds. The herds classified with an average Salmonella titre above OD% 10 were advised
which critical control point have to been taken to control Salmonella.
Bacteriological analysis Faecal samples consisted of 30 separate droppings that were pooled to
one sample and that were cultured and analyzed by VIDAS 30 (NEN-ISO 6579) for presence of
Salmonella.
Performance parameters The following performance parameters were collected and analysed: mor-
tality rate during fattening, final weight, growth per day, feed conversion and energy conversion. 

These parameters were collected 3 times: once in the first year (pre-treatment) and 2 times
during the treatment period.
Statistical analysis Parametric models were evaluated with SAS 8.0 (ref), non-parametric analy-
ses were carried out with STATA 8.0/SE (StataCorp, 2003). 

A one-sided non-parametric test (sign test) was used to analyze the effect of treatment on the
average S/P ratios before and after initiating the treatment (the average was calculated for the 60
samples before treatment and for the 60 samples after treatment for each herd). The null hypoth-
esis was that the median of the difference is equal to zero, while the alternative hypothesis was
that the difference is larger than zero.

A mixed general linear model was used to analyze whether the S/P ratio of each sampling
after initiating the treatment was affected by treatment while the average S/P ratio before treat-
ment was forced into the model and while adjusting for a herd effect. 

Results The average S/P ratio per group is depicted in Figure 1. Status 1 herds showed a low S/P
ratio during the first four samplings (by definition) and were able to retain the low level in the sec-
ond year, though the highest average value is measured at the final bleeding. 

Treatment groups showed a decline in average S/P ratio after the treatments were implemented
(Figure 1, Table 1) which was significant for the acidified feed group and acidified water groups
(Wilcoxon signed-rank test: P < 0.05). A calculation of the Salmonella status of the 3 treatment
groups by using the Danish status classification during the treatment period showed that all the
farms improved their status from status 2 and 3 to status 1. 

Herds that tested
faecal culture posi-
tive had significantly
higher average log-
transformed S/P
ratios (LSMEANS of
2.1 versus 1.6, p <
0.05, residuals nor-
mally distributed) at
the last sampling
when the herd cul-
ture status (15 cul-
ture positive, 22 neg-
ative) was based on
all age groups.

Farmers which
purchased Salmonella positive piglets have had a signifi- Figure 1. Course of S/P ratio’s over time per group.

Treatment was initiated after sampling period 4.



O
R

A
L

P
R

E
S

E
N

T
A

T
IO

N
S

147

SafePork 2005

cant higher S/P ratio than herds that purchased negative piglets (45 positive, 87 negative).              
When technical results were compared between treatments (Table 3), a decrease in FCR and

an increase of the daily gain due to water acidification was shown (not statistically significant).
This was in contrast with the acidified feed group which showed an increase in FCR and a
decrease in daily gain (statistically significant). The control group and the hygiene group showed
no difference in daily gain and a reasonable higher FCR. The technical results where translated
into a net decrease of gross margin per pig compared to the untreated control group previous
year (Table 3). For the farms using acidified water, the net gross margin was translated to 2,53/
pig after correction for costs for the acid and the dosing equipment. 

Discussion The current study was designed to quantify the effect of improved hygiene and acidi-
fied feed and drinking water on antibody levels against salmonella. Also the effect of treatment on
salmonella status and on performance was assessed. Thirdly, a group of herds that showed low
S/P values without any treatment was followed over time. It showed that the majority of the
herds in this group could maintain this low level for longer periods.

The average S/P of the treatment groups was very similar at the last sampling before treatment
started (Figure 1) and thus the pre-treatment infection levels can be considered as comparable. 

The average S/P value remained low in Status 1 herds while Salmonella frequently was isolat-
ed indicates that somehow it can be prevented that the average antibody titre increases. 

Due to the acidified feed, water and hygiene measures the Salmonella status of the herds
decreased according to the Danish classification method (Table 1k). However, the number of
herds that were positive after faecal culture was about the same in the treatment and pre-treat-
ment period, indicating that Salmonella is continuously present at the farm. Colonization of hosts
might then be prevented by lower levels of exposure or to a inhibitory effect of the acidic formu-
lae in the other groups (van Winsen et al, 2000). In their study the use of whey, containing organ-
ic acids, also reduced the average S/P value.

Differences between treatment groups regarding the performance parameters were minimal
which can be expected as the S/P values of all 3 groups were comparable and most likely no
large differences in infection level, potentially leading to differences in performance, were present.

Because of the fact that the amount of acid consumed daily by the feed treatment group was
higher than the water treatment group, there was a clear negative effect on daily gain, FCR and
feed intake. Probably the high levels of formic acid or formate salts can lead to adverse intake
effects and so negatively influence daily gain and FCR. 

The water acidified group showed better performance despite the higher summer tempera-
ture in the treatment period in contrast to the previous treatment period. 

Conclusion
< Acidification of water and feed reduce the Salmonella titre of fattening pigs significantly.

Non–significant reduction of Salmonella titre can be obtained by strict hygiene measures.
< Application of Selko-pH® via drinking water is the most effective method to decrease 

Salmonella infection, to improve the Salmonella status and the technical results at farm-level.
< Use of high levels of formic acid and/or formate salts in the feed probably has a negative 

effect on the feed intake.
< Purchase of Salmonella positive piglets increased the Salmonella prevalence at slaughter.
< Salmonella status classification based on height of the Salmonella titre lowered the amount 

of excreted pigs at slaughter time so less chance tot contaminate the slaughtering process.
< Acidification of drinking water with Selko-pH® improved daily gain and FCR, such that a net 

benefit of 2,53 per fattening pig resulted for the farmer.

References

Additional 
measures on 
farm-level

Before controlling After controlling

Farms in Danish
status 1

Mean
Salmonella titre

(O.D.%)

Farms in Danish
status 1

Mean Salmonella
titre (O.D.%) end

control period

Statistical
Significance

Control Farms 
(status 1)

100% 7.6 70% 16.9 No

Hygiene 75% 26.4 100% 13.8 No

Acidification Feed 50% 28.2 100% 15.5 Yes

Acidification Water 50% 33.3 100% 9.3 Yes

Table 2: Salmonella status based on the Danish classification method and average S/P
ratios over all pigs sampled in the year before and after implementation of the treatment.
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Technical
influence

Treatment
group

Before
Treatment

After
Treatment

Difference
Economic

influence / pig

Daily gain

Control 784 779 -5 0.15-
Hygiene 770 763 -7 0.21-
Feed 808 753 -55 1.65-
Water 792 818 26 0.78

Feed 
energy
conver-
sion

Control 2.73 2.85 0.12 2.16-
Hygiene 2.70 2.80 0.10 1.80-
Feed 2.81 2.85 0.04 0.72-
Water 2.72 2.64 -0.08 1.44

Total 
economic
influence

Treatment
group

Effect due
technical

result

Correction
control
farms

Costs of
acids +
dosing

equipment

Total effect of
treatment on
gross margin

/ pig

Control 2.31- - - -
Hygiene 2.01- 0.30 - 0.30
Feed 2.37- 0.06- 2.04- 2.10-
Water 2.22 4.53 2.00- 2.53

Table 3: Influence of technical and economical result
before and after implementation of the treatment.
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THE EFFECT ON BIOLOGICAL PERFORMANCE AND 
FAECAL MICROBIOLOGY OF FEEDING FINISHING PIGS
ON LIQUID DIETS FERMENTED WITH LACTIC ACID 
BACTERIA.

Peter Brooks*, Sofia Sofronidou, Jane Beal
*University of Plymouth, Faculty of Science, School of Biological Sciences, Portland Square, Plymouth, PL48AA United

Kingdom. Ph: +44 1752 238306, Email: phbrooks@plymouth.ac.uk

Abstract Thirty-two Hermitage-Seaborough, Hybrid pigs, were allocated at 16 weeks of age to a ran-
domized block design with four treatments and four replicates.  Pigs were fed to scale (ca. 0.85 ad
libitum) one of the four dietary treatments, namely; non-fermented liquid feed (NFLF) or liquid feed
fermented for 24h at 30°C with either Lactobacillus salivarius (FLF-SAL), Pediococcus acidilactici
(Bactocell™) (FLF-BAC), or a mixture of Pediococcus acidilactici, Pediococcus pentosaceus,
Lactococcus lactis, and Lactobacillus plantarum (Stabisil™) (FLF-STAB). Treatment did not significant-
ly affect average daily live weight gain or food conversion ratio. The coliform population in faecal
samples from pigs fed FLF-SAL was significantly lower (1.44±0.422 log10 CFU ml-1; P<0.05) than in
pigs fed NFLF. Compared with pigs fed NFLF, the LAB:coliform ratio in the faeces of pigs fed FLF-
SAL and FLF-STAB was significantly (P<0.05) reduced by 1.47±0.46 and 1.91±0.46, respectively. 

Introduction Liquid feed (LF) and particularly fermented liquid feed (FLF) has been shown to
reduce the incidence of Salmonella in pigs (Tielen et al., 1997; van der Wolf et al., 1999; Lo Fo
Wong et al., 2002). A lactic acid concentration of 70mMol was found to be bacteriostatic to
Salmonella spp., but higher concentrations (>100mMol) were needed to be bactericidal  (Beal et
al., 2002; Brooks, 2005). Unfortunately, natural fermentations have produced unpredictable results
on commercial units. In a recent study (Beal et al., 2005), only 3% (9 of 300) of fermentations of
wheat and barley produced more than 75 mmol lactic acid kg-1 after 24 h fermentation.  Thus natu-
ral fermentations, which rely on the indigenous flora present on grains, cannot be relied upon to
produce bactericidal levels of lactic acid.

More predictable fermentation can be achieved by inoculating liquid feed with lactic acid bac-
teria (LAB) that produce lactic acid rapidly and have a high terminal lactic acid concentration. Beal,
Niven and Brooks (unpublished data) have identified a number of LAB species capable of produc-
ing 180-230 mmol kg-1 lactic acid in 24 hours with <30 mmol kg-1 acetic acid (a low level of acetic
acid is needed to maintain palatability). Regrettably, these organisms cannot be used as inocu-
lants in the EU because of an anomaly in the current legislation (Brooks et al. 2003).

The objectives of the experiment reported here were to examine the effect on biological per-
formance and faecal microbiology of pigs fed liquid diets in which pH was reduced through inocu-
lating diets with specific lactic acid bacteria.

Materials and Methods Protocols for the study were approved by the University’s Animal Ethics
Committee and followed the Code of Recommendations for the Welfare of Livestock (DEFRA, 2003). 

The experiment was conducted according to a randomized block design with four treatments
and four replicates. A replicate consisted of eight pigs (four males and four females) each fed one
of the four dietary treatments. The 32 pigs used were Hermitage-Seaborough Hybrids, which
were 16 weeks old at the start of the experiment. The pigs were penned in single-sex groups of
four pigs of similar weight. The four dietary treatments were: - 

NFLF: Control. Freshly prepared non-fermented liquid feed 
FLF-SAL: Liquid feed fermented with Lactobacillus salivarius [NC IMB 41229]).
FLF-BAC: Liquid feed fermented with Bactocell™, (Pediococcus acidilactici [CNCM

No. MA 18/5 M]. Lallemand SA, Toulouse, France). 
FLF-STAB: Liquid feed fermented with Stabisil™ (Pediococcus acidilactici, Pediococcus 

pentosaceus, Lactococcus lactis, and Lactobacillus plantarum. Medipharm, SE-260 23, 
Kâgeröd, Sweden).

The basal diet comprised (kg per tonne) wheat 393; barley 310; Hipro soya 196; rapeseed meal
75; mineral vitamin premix 25. Antibiotics were excluded, but copper (cupric sulphate) was includ-
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ed at 165 mg kg-1. The diet supplied 13.3 MJ DE kg-1; 196 g kg-1 crude protein and 10.5 g kg-1 lysine
(of which 0.7g kg-1 was crystalline lysine).

The non-fermented liquid feed (NFLF) was prepared daily by mixing dry feed with water in a
ratio of 2.5:1 water to feed. No attempt was made to eliminate the natural microflora in NFLF.  All
the fermented liquid feeds (FLF) were prepared by inoculating NFLF with a starter culture and fer-
menting for 24 hours at 30°C, to give a final concentration of between 6 and 7 log10 CFU ml-1 liq-
uid feed and a pH of ca. 4.0.  In the case of (FLF-SAL) the inoculant was on overnight culture of
Lactobacillus salivarius in MRS broth at 35°C. To prepare (FLF-BAC) and (FLF-STAB) a freeze-dried
culture of  respectively Bactocell™ or Stabisil™ was inoculated at 1 g per 10 kg liquid feed.  

The pigs were housed for 7 weeks in pens of four. The mean air temperature throughout the trial
was 21±3.3°C. Each pen comprised a kennelled area and a slatted dunging area and four individual
feeding stalls.  The treatments were allocated to give one pig per diet per pen. The pigs weighed
54.3±6.3 kg at the beginning of the trial, and were slaughtered on reaching ca. 95 kg.  

Pigs were fed in a trough, in individual feed stalls, twice daily, at 8:30 and 16:00 hours, accord-
ing to a feeding scale that allowed ca. 0.85 ad libitum feed intake (to avoid weigh-backs).  Pigs
were allowed 30 minutes to feed after which any residual feed was removed and weighed. Feed
allowances were adjusted weekly on the basis of live weight. Fresh water was available ad libitum
from nipple drinkers. 

Fresh faecal samples (approximately 100 g) were collected from the rectum of each pig at the
end of the experimental period and microbiological analyses were performed immediately. To enu-
merate lactic acid bacteria and coliforms, gut contents were homogenized for 4 minutes in a
stomacher (Stomacher 400, Seward, London, U.K.) and 10-fold dilutions were made in Maximum
Recovery Diluent (Oxoid Ltd., Basingstoke, Hampshire, U.K.).  Appropriate dilutions were plated
onto selective media. Coliforms were enumerated on MacConkey agar (MCA) using the pour-plate
technique and incubated aerobically at 370°C for 24 hours. Lactic acid bacteria were enumerated
on modified deMan Rogosa Sharpe agar (MRS agar plus cystein HCl and Aniline blue) and incu-
bated aerobically at 370°C for 48 hours. After incubation, plates containing 30-300 colonies were
counted and the number of colony forming units (CFU) per gram of digesta calculated for each
type of organism.  

Data were statistically analysed using a General Linear Model with Minitab v 13.31 (Minitab Inc.,
Pennsylvania, USA, 2000). The bacterial count data was log transformed before statistical analysis.
Significant differences between treatments means were compared by Tukey’s HSD test. 

Results The health of the pigs was good. After 24-h fermentation at 30°C, the pH of the feed
dropped to 3.9 and remained around this value for the rest of the experiment for each dietary
treatment. The pigs were fed to scale and over the 53 day trial period there were no significant
treatment effects on average daily live weight gain. Daily gain was 899, 942, 937 and 917 (s.e.m.
18.8) g d-1 respectively, for the pigs fed the NFLF, FLF-SAL, FLF-BAC and FLF-STAB diets. There
were no significant treatment differences in FCR.

Fresh faecal samples were collected at the end of the finishing period. Numbers of faecal
LAB, coliforms and the LAB:coliform ratio are presented in Table 1. There were no statistically sig-
nificant differences in the concentration of LAB in the faeces of pigs from the different dietary
treatments. The faecal coliform concentration was significantly (P<0.05) lower in pigs fed FLF-
STAB than in pigs fed NFLF. The faecal LAB:Coliform ratio of pigs fed FLF-SAL and FLF-STAB was
significantly higher (P=0.023) than for pigs fed NFLF. 

Discussion The pigs were fed to scale and there was no significant difference in daily gain or FCR
between treatments.  These data indicate that fermenting the liquid feed did not reduce its nutri-
tional value. There have been suggestions that fermentation can result in a loss of energy (Jensen
and Mikkelsen, 1998) or synthetic lysine (Pedersen, 2001) from the diet.  However, recent studies
at the University of Plymouth have demonstrated that synthetic lysine is not lost from the diet
when fermentation is controlled by the use of inoculants and the pH of the feed is reduced rapid-
ly to ca. pH4 (Niven, Beal and Brooks in press). 

An important feature of this study was that the water used to prepare the feeds (NFLF and
FLFs) was at 30°C. After 24-h fermentation the pH of the feed dropped to 3.9 and remained close
to this value for the rest of the experiment. It is very important that water used to prepare the
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feeds (NFLF and FLFs) be at the correct temperature. Water added direct from the tap (around
5°C) will ‘cold shock’ the system and can adversely affect the growth of the LAB and hence the
rate at which pH is lowered. Additionally, it can allow the yeast to become dominant. This can
result in loss of nutritional value and reduce pathogen exclusion. Finally, the ‘cold shock’ can
induce the production of ‘cold shock’ proteins in enteropathogens. These ‘cold shock’ proteins
protect the pathogens and allow them to persist in the feed (Brooks et al., 2001).

Beal et al. (2002) demonstrated that any Salmonella contaminating FLF during the initial mix-
ing and fermentation process have the potential to remain viable for up to 72 h when fermenta-
tion is carried out at 20°C; whereas, if the temperature is raised to 30°C, the risk period is
reduced to 48 h (Beal et al., 2002). 

A number of factors may account for the beneficial effect of FLF, and these may act independ-
ently or synergistically. The low pH (<4.0) of the diet, the high numbers of LAB (6-7 log10 CFU ml-1

liquid feed) and high concentration of lactic acid represent the most important characteristics of
FLF in terms of its protective effect (Demeckova, 2003). 

Despite feeding very large numbers of LAB (6 and 7 log10 CFU ml-1 liquid feed), the faecal
LAB counts did not increase significantly. The main effect of feeding fermented diets is to reduce
the concentration of coliform bacteria in the lower small intestine, caecum and colon (Muralidhara
et al., 1977; Jensen and Mikkelsen, 1998; Lawlor et al., 2002).  This is similar to the response that
occurs when some antibiotic growth promoters are fed and suggests that FLF might have a valu-
able role as part of a strategy for the management of pigs in the absence of antibiotic growth pro-
moters (Jensen, 1998). However, the results of the current study indicate that the choice of LAB
used to ferment the diet can influence the extent of this reduction in coliforms.

Conclusion This study demonstrates that feed fermented with selected LAB inoculants can have
a greater effect on gut microbiology than naturally fermented feed. Selected inoculants used to
ferment feed may provide a mechanism for controlling the incidence of Salmonella both in liquid
diets and in the pig.
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Non-
fermented
liquid feed

NFLF

Liquid feed fermented with:

SEDL. salivarius
FLF-SAL

P. acidilactici 
(Bactocell™)

FLF-BAC

P. acidilactici, P. pentosaceus,
L. lactis, and L. plantarum 

(Stabisil™) FLF-STAB

Coliforms 6.40a 5.20a 5.78a 4.96b 0.422

Lactic acid 
bacteria (LAB)

9.28a 9.36a 9.38a 9.48a 0.083

LAB:coliform
ratio

3.08a 4.16b 3.60a 4.50b 0.462

Table 1.  Effect on the faecal microflora (log10 CFU ml-1) of finishing pigs of feed-
ing non-fermented liquid feed (NFLF) or liquid feed fermented with different lac-
tic acid bacteria. a, b Means with the same superscript do not differ at P<0.05
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EFFECT OF PELLET VS. MASH: CORN-SOY DIETS ON
SALMONELLA PREVALENCE 
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63556 3USDA, ARS, National Animal Disease Center, Ames, Iowa.

Introduction The aim of this study was to examine the effect of pelleted versus non pelleted
corn-soy diets on Salmonella recovery from market swine.

Materials and Methods In a randomized clinical trial, with barn as the unit of concern, the effect
of a non-pelleted (mash) versus pelleted corn-soy diet on Salmonella prevalence was examined.
The diets were formulated to equal nutrient, ingredient levels and particle size, thus, only differed
in form. The pigs were fed the diet form for the entire grow-finish period (approximately 116 days).
Thirty-two barns from four sites were enrolled. The management and genetics were similar for all
barns. The average number of pigs in each barn was ~1149. At harvest, individual fecal samples
were collected from 30 pigs from each barn and cultured for Salmonella. A logistic model was
used to analyze the data. The outcome was the number of Salmonella-positive samples/number
of pigs sampled per barn. The explanatory variables were the site and feed form. 

Results The average prevalence of Salmonella pigs in barns receiving the non-pelleted and pellet-
ed diet was 4% (standard deviation=5%, n=16) and 8% (standard deviation=9%, n=16) respec-
tively.  After controlling for site effects, non-pelleted diet was associated with a reduction is
Salmonella-positive pigs (odds ratio 0.4, 95% Wald confidence interval 0.2- 0.8, p=0.0048).  

Conclusion It was concluded that the physical properties of feed affects the on-farm prevalence
of Salmonella in finishing pigs.

Acknowledgements This work was supported in part by National Research Initiative Competitive
Grant 2001-35212-10864 from the USDA Cooperative State Research, Education, and Extension
Service.
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THE EFFECT OF COPPER, ZINC AND IRON ON THE
DEATH RATE OF SALMONELLA UNDER ACID 
CONDITIONS.

Jane Beal*, Peter Brooks and Francois Baron
*School of Biological Sciences, University of Plymouth, Drake Circus, Plymouth UK PL4 8AA Phone + 44 1752 238303  Fax +
44 1752 232970 e.mail J.Beal@plymouth.ac.uk

Abstract Liquid pig feed (LPF) and skimmed milk (SM) acidified to pH 4 with lactic or hydrochloric
acid (HCl) were treated with 0, 2.5, 5. 12.5, 25 or 50 ppm Cu2+ and challenged with 107 c.f.u ml-1

Salmonella Typhimurium DT104:30. The decimal reduction time (D) was determined by enumera-
tion of viable Salmonellae at appropriate time intervals after inoculation. Additional SM samples,
acidified to pH 2.5 with HCl were treated with 10 ppm Cu2+ , 20 ppm Zn2+, 20 ppm Fe2+ or combi-
nations of these, and challenged with Salm. Typhimurium DT104:30. In LPF and SM at pH 4.0
increasing concentrations of Cu2+ resulted in a non-linear decrease in D for Salm. Typhimurium
DT104:30. Salm. Typhimurium DT104:30 died significantly (P<0.05) faster in SM at pH 2.5 treated
with Cu2+ or Cu2+ plus Fe2+ compared with SM treated with HCl alone. However, Zn2+ or Cu2+ plus
Zn2+ had no significant effect on the death rate. Treating acidified SM with Fe2+ alone resulted in a
3 fold increase in the survival of Salm. Typhimurium DT104:30.  

Introduction Copper sulphate has been added to pig feeds as a growth promoter for many years.
Its mode of action is unclear. However, it has been suggested that it may have a selective antimi-
crobial effect on gut microflora { (Fuller et al., 1960; Shurson et al., 1990). Recent work by Beal et
al (2004) suggested a mode of action for this affect. They found that the presence of 50 ppm cop-
per ions in acidified liquid feed increased the death rate of Salm. Typhimurium DT104:30 by up to
10 fold. (50ppm Cu2+ in liquid feed 280g kg-1 dry matter is equivalent to 175 mg kg-1 dry matter). In
addition in liquid feed acidified to pH 4 the death rate of Salm. Typhimurium DT104:30 increased
with increasing concentrations of Cu2+. These studies demonstrated that copper ions increase the
death rate of Salmonella in substrates acidified with organic acids (lactic and acetic). However, it
was not clear whether the effect was due to the acidity i.e. presence of H+ or whether it was due
to copper interacting with the anion or undissociated acids.  

The ability of Salmonella and other enteropathogens to survive acidic conditions is an important
factor in their pathogenicity. Acid tolerance confers benefits to the organism in terms of its ability to
survive the acid barrier of the stomach. The main acid barrier is created in the stomach by the secre-
tion of hydrochloric acid. However, in pigs a considerable contribution to the barrier function may be
made by lactic acid produced by lactic acid bacteria inhabiting the proximal stomach (Hansen, 2004).
Hansen (2004) demonstrated that pigs fed diets that enhance lactic acid levels in the proximal stom-
ach (coarse ground meals) have reduced incidence of Salmonella infections. 

In Europe the  Scientific Committee for Animal Nutrition (SCAN) (2003) have recommended
that the inclusion level of copper in pig diets should be reduced to 4 to 10 mg copper per kg
dietary dry matter for grower finisher pigs, with the current maximum of 175 mg kg-1 being
retained for the first 10 weeks of life only. If the action of copper ions in the presence of lactic acid
has such a profound affect on the survival of Salmonellae, the level of copper in the diet could have
an affect on the ability of Salmonellae to survive passage through the stomach. 

Copper is a redox active metal and other divalent redox active metals such as zinc and iron are
also added to pig diets. If the effect of copper on the death rate of salmonella is due to its redox
activity then it may be supposed that other redox active divalent metals may have a similar effect.

The objective of this paper was to examine some of the interactions between divalent metal
ions, principally copper, and acids on the death rate of Salm. Typhimurium DT104:30.  

Materials and Methods Salm. Typhimurium DT104:30 was selected for these studies as it is a
particularly acid tolerant.  All media were obtained from Oxoid Ltd (Basingstoke, Hampshire, UK). 

A series of studies were conducted to examine the effect of copper ions (Cu2+) on the death
rate of  Salm. Typhimurium DT104:30 in acidified liquid pig feed (LPF) and skimmed milk (SM).
SM was used as a convenient food substrate for these studies.  

Study 1: Sterile LPF (25kgrays g radiation) was acidified with 200mmol lactic acid L-1 (pH
4.0±0.5). Sterile SM (steam sterilized) was acidified with lactic or hydrochloric acid to give a pH of
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4.0±0.5. To both substrates copper sulphate was added to give Cu2+ concentrations ranging from
0-50 ppm.  

Study 2: Samples of SM were acidified to pH 2.5 to mimic the pH conditions in the stomach
and treated with 10 ppm Cu2+ (from copper sulphate), 20 ppm Fe2+ (from ferric sulphate) or 20
ppm Zn2+ (from zinc sulphate). The latter two metal ions were included to examine the effects of
other redox active metals on the survival of Salm. Typhimurium DT104:30 under acid conditions.  

In all studies the survival of Salm. Typhimurium DT104:30 was assessed as follows. Salm.
Typhimurium DT104:30 (20 hour culture at 37°C in brain heart infusion (BHI) broth) was added to
triplicate 100 ml samples of the substrates to give an initial inoculum of ca. 107 c.f.u./g.  After
inoculation LPF and SM samples acidified to pH 4 (the recommended temperature for the produc-
tion of fermented liquid feed) were incubated at 30°C and SM samples acidified to pH 2.5 were
incubated at 37°C. At appropriate time intervals after inoculation 10 ml aliquots were removed and
serial (10 fold) dilutions performed in buffered peptone water (BPW). Appropriate dilutions were
plated onto blood agar (LPF samples) or BHI agar (SM samples) and incubated at 37°C for 24 h
after which colonies of viable Salmonella were enumerated and survival curves plotted. The death
rate of Salm. Typhimurium DT104:30 was expressed as the decimal reduction time (D) which was
calculated as the reciprocal of the slope of the survival curve.  

For study 1 values of D were plotted against Cu2+ concentration, the data were analysed by
regression analysis and curves fitted to the data using Genstat 7.2 (Lawes Agricultural Trust,
Rothamstead UK). For study 2 data were analysed by analysis of variance using Genstat 7.2.

Results In non-acidified LPF with or without the addition of 50ppm Cu2+ numbers of Salm.
Typhimurium DT104:30 increased from 7.02 to 9.09  and from 7.06 to 8.90 c.f.u. ml-1 respectively,
indicating that copper ions alone had no antimicrobial effect on this organism in LPF. In LPF and
SM acidified to pH 4.0±0.5 with lactic acid (LPF and SM) or hydrochloric acid (SM) increasing con-
centrations of Cu2+ resulted in a non-linear decrease in D for Salm. Typhimurium DT104:30 (Table
1). The effect was most apparent in acidified SM where the addition of even a low level of Cu2+ (2.5
ppm) resulted in a 5-6 fold decrease in D. In the absence of Cu2+ Salm. Typhimurium DT104:30 died
3.5 times faster in SM acidified with lactic acid compared with HCl at the same pH.

Salm. Typhimurium DT104:30 died significantly faster in SM acidified to pH 2.5 and treated
with 10ppm Cu2+ or a combination of 10 ppm Cu2+ and 20 ppm Fe2+ compared with SM treated
with HCl alone. On the other hand 20 ppm Zn2+ or a combination of 10 ppm Cu2+ and 20 ppm Zn2+

had no significant effect on the death rate. Treating acidified SM with 20 ppm Fe2+ resulted in a
ca. 3-fold increase in the survival of Salm. Typhimurium DT104:30 (Table 2).  

Discussion In SM acidified with lactic or hydrochloric acid there was a dose response in D of
Salm. Typhimurium DT104:30 to increasing copper concentrations.  This suggests that the
observed effect is due to the presence of H+ rather than lactate anions or undissociated lactic acid
molecules. However, in the absence of Cu2+ Salm. Typhimurium DT104:30 died faster because lac-
tic acid is more
antimicrobial per se
than HCl. The effect
of added copper
varies between dif-
ferent organic matri-
ces because; low
inclusion levels of
copper (2.5 ppm)
had a far greater
effect on the D of
Salm. Typhimurium
DT104:30 in SM than
in LPF. In LPF and
SM acidified to the
same pH with lactic acid the addition of 2.5 ppm
Cu2+ resulted in a decrease in D of 22 min in LPF
compared with 86 min in SM. Whether this was

Cu2+ ppm LPF+Lactic acid* SM+lactic acid SM+HCl

0 142.2 (± 11.31) 106.6 (± 13.73) 385.6 (± 67.80)

2.5 120.1 (± 9.23) 20.2 (± 0.54) 65.6 (± 4.63)

5 115.2 (± 9.15) 10.7 (± 1.56) 34.4 (± 4.20)

12.5 83.0 (± 1.59) 7.9 (± 0.53) 13.0 (± 2.20)

25 53.4 (± 2.47) 3.6 (± 0.36) 5.5 (± 0.71)

50 25.4 (± 5.22) 2.3 (± 0.78) 4.3 (±0.29)

Fitted curve for D 
-32.5+173.1/

(1+0.04[Cu2+])
1.85+104.7/

(1+1.92[Cu2+])
-1.5+387.1/

(1+1.93[Cu2+])

Percent variance
accounted for 

97.1 96.9 98.2

Table 1 Mean Decimal reduction time (min) and fitted
curves for Salm. Typhimurium DT104:30 in liquid pig
feed (LPF) or skimmed milk (SM) acidified to pH
4.0±0.5 with increasing concentrations of copper ions
from copper sulphate. Figures in brackets represent the
standard deviation. *data adapted from Beal et al (2004)
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due to differences in the ability of these substrates to bind acid and/or copper or to differences in
their protective effect towards bacterial cells is uncertain.  

The additional bacteriocidal ability of Cu2+ prevails at pH 2.5 which is more typical of the pH
found in the stomach. What is interesting about these results is the affect that Fe2+ has on the
survival of Salm. Typhimurium DT104:30. The organism survived for 3 times longer in the pres-
ence of 20 ppm Fe2+. However, if Cu2+ was also present the organism died as quickly as with Cu2+

alone. The effect of Fe2+ is not altogether surprising as iron uptake is linked to acid tolerance in
Salmonellae (Foster, 1995). Clearly, there is an interaction between Cu2+ and Fe2+ that effectively
neutralises the effect of Fe2+ on the survival of Salmonella. Interestingly there is also an interac-
tion between Zn2+ and Cu2+. The presence of Zn2+ had no effect on the death rate of Salm.
Typhimurium DT104:30 compared with HCl alone. It also appeared to neutralise the effect of Cu2+

as the combination of Zn2+ and Cu2+ had no significant effect of D compared with Zn2+ or HCl
alone. Copper and zinc often work together in the cell and zinc appears to have a role in maintain-
ing copper homeostasis in Gram negative bacteria (Rensing and Grass, 2003).

The mechanism by which copper and acid interact to have such a large affect on the viability of
Salm. Typhimurium DT104:30 is not clear. Small quantities of free Cu2+ are toxic to many groups of
bacteria (Goto et al., 1993). Beal et al (2004) reported that acid stress appeared to decrease the tol-
erance of Salm. Typhimurium DT104:30 to Cu2+, as it was not sensitive to 20.5 ppm free Cu2+ at pH
6.16 but was extremely sensitive to lower quantities of free Cu2+ at lower pH’s.   

The current European regulations restrict the addition of copper to grow/finish pig diets to 6
mg kg-1(6 ppm) and the studies reported here suggest that even at this low level there is some
advantageous effect in enhancing the barrier function of the stomach. However, the consistency
and organic matter profile in the stomach of the pig would bear a greater similarity to LPF rather
than SM and in this type of matrix low levels of Cu2+ are not nearly as effective. 

Conclusion The addition of copper ions to pig diets may reduce the transmission of Salmonella
by enhancing the acid barrier function of the stomach.

Acknowledgement This study was funded by the Department of the Environment, Food and
Rural Affairs the Meat and Livestock Commission and the Liquid Feeders Research Group.
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Metal ion (ppm) Decimal reduction time (min)

None 6.15a (± 0.18)

Cu2+ (10 ppm) 4.10b (± 0.05)

Zn2+ (20 ppm) 6.15a (± 0.18)

Zn2+ (20 ppm) + Cu2+ (10 ppm) 6.60a (± 0.13)

Fe2+ (20 ppm) 17.21 (± 0.46)

Fe2+ (20 ppm) + Cu2+ (10 ppm) 4.20b (± 0.03)

Table 2 Mean Decimal reduction time (min) of Salm.
Typhimurium DT104:30 in skimmed milk acidified to pH 2.5
with hydrochloric acid  in the presence or absence of metal
ions a,bmeans are not significantly different (P>0.05)
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INFLUENCE OF RACTOPAMINE SUPPLEMENTATION ON
SALMONELLA IN FEEDER PIGS

Tom Edrington*, Ken Genovese, Todd Callaway, Carrie Schultz, Robin Anderson, 
and David Nisbet
USDA-ARS, Food and Feed Safety Research Unit, 2881 F&B Road, College Station, TX, 77845, USA, Ph:979-260-3757, Email:
edrington@ffsru.tamu.edu

Abstract The objective of the current study was to determine the effect of ractopamine supple-
mentation on gut populations and fecal shedding of Salmonella in growing pigs. Sixteen cross-
bred pigs (avg. BW = 33 kg) were fed a grower ration with and without ractopamine (18 g/ton
feed) for 38 days. Four days prior to termination of the study, all pigs were experimentally infected
with Salmonella Typhimurium. Fecal samples were collected daily for quantification of the chal-
lenge strain and four days following inoculation, all pigs were euthanized and necropsied. Fecal
shedding of Salmonella was decreased (P < 0.05) in pigs fed ractopamine. The number of
Salmonella-positive tissue samples from the liver was decreased (P = 0.05) and the number of
positive ileo-cecal lymph nodes tended (P = 0.13) to decrease in the ractopamine treatment.
Results of this preliminary study indicate ractopamine may have the added benefit of reducing
Salmonella populations in growing pigs. 

Introduction Foodborne Salmonella infections in the United States are estimated to cost approxi-
mately $2.3 billion annually with 6-9% of the human cases of salmonellosis linked to the con-
sumption of pork or pork products (Frenzen et al, 1999). Salmonella has been isolated throughout
all stages of the pork production cycle and has received considerable attention, not only from a
food safety standpoint, but additionally, because Salmonella can cause clinical infection in swine.
Two general factors are attributed to Salmonella infection in pigs: inputs (pigs, feed, rodents, etc.)
and activities within the swine production process (animal mixing, transport, misc. management
factors). While modern pork production systems effectively keep stress to a minimum, it is still an
inherent part of the process and may include: transport, handling, co-mingling, breakdown of
social groupings, food deprivation, temperature fluctuations, and noise.  

Stress is known to affect the immune system (Khansari et al, 1990) and is generally believed
to increase the number of pigs shedding Salmonella and/or increase their susceptibility to
Salmonella infections. Physiological responses to stress involve a neuroendocrine response facili-
tating adaptation to the external environment that is partly regulated by the hypothalamic-pitu-
itary-adrenocortical axis, resulting in increased levels of glucocorticoids and catecholamines. The
catecholamines (epinephrine and norepinephrine), in addition to having effects on gut motility and
smooth muscle contraction, have been shown to stimulate growth of E. coli (Burton et al, 2002)
and Salmonella (Rahman et al, 2000) in vitro. Interestingly, the catecholamine hormones have
been reported to be involved in a bacterial quorum-sensing system that regulates virulence gene
expression of E. coli O157:H7 (Sperandio et al, 2003), stimulates the growth of intestinal com-
mensal E. coli and E. coli O157:H7 (Lyte et al, 1996; 1997) and augments the intestinal inflamma-
tory, secretory responses, and adherence to intestinal mucosa of this pathogen (Vlisidou et al,
2004). We hypothesize that norepinephrine, present throughout the small intestine, may have a
similar effect on other gram-negative bacteria such as Salmonella.

Ractopamine hydrochloride is a synthetic b-agonist that repartitions nutrients to increase lean
vs adipose disposition (Ricks et al, 1984; Moody et al, 2000) and improves performance, carcass
leanness and dressing percent in finishing pigs (Anderson et al, 1987; Watkins et al, 1990).
Interestingly, b-agonists chemically and pharmacologically resemble the hormones norepinephrine
and epinephrine (Bell et al, 1998; Mersmann 1998).  The administration of b-agonists to pigs ele-
vated plasma norepinephrine (Mersmann 1989), although in a similar cattle experiment, plasma
epinephrine and norepinephrine were unchanged (Blum and Flueckiger, 1988). Recently, rac-
topamine was approved by the United States Food and Drug Administration for use in finishing
beef cattle to be fed the last 28 days of the finishing period for similar performance and carcass
improvements. We hypothesized that feeding the b-agonist ractopamine would either directly, or
via elevated plasma norepinephrine, increase GIT populations and/or fecal shedding of E. coli
O157:H7 in feedlot cattle. Interestingly however, we saw just the opposite effect, with a decrease
in fecal shedding observed in ractopamine supplemented cattle (Edrington et al, 2005). This led to
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the objective of the current research: to determine the effect of ractopamine supplementation on
gut populations and fecal shedding of Salmonella, an important gram negative bacterial pathogen,
in swine.    

Materials and Methods Sixteen crossbred pigs (barrows and gilts; avg. BW = 33 kg) were pur-
chased from the Texas Department of Criminal Justice and transported to our facilities at the Food
and Feed Safety Research Unit in College Station, TX. Immediately upon arrival, piglets were
weighed, ear-tagged, and randomly assigned to pens (8 pigs/pen) and treatment (sex equally dis-
tributed across treatments): Control (pig grower only) or Ractopamine (pig grower containing
Paylean® 9, to provide 18 g ractopamine/ton feed). Feed and water were provided for ad libitum
consumption throughout the experimental period. Fourteen days after initiation of treatments,
pigs were individually penned and fed their respective diets for an additional 24 days (38 total
days on experimental diets). Two days following individual penning, fecal samples were collected
from all pigs and plated on brilliant green agar containing novobiocin and naladixic acid (25 and 20
µg/mL, respectively; BGANN) to screen for the presence of antibiotic resistant wild-type
Salmonella prior to experimental infection. On day 34, all pigs were experimentally infected with 5
mL of tryptic soy broth containing 4.5 x 107 CFU of a novobiocin and naladixic acid resistant
Salmonella Typhimurium via oral gavage. Individual fecal samples were collected daily for quantifi-
cation of the challenge strain as described below. Four days post-infection, all pigs were humanely
euthanized and tissue and luminal contents collected from the ileum, cecum, colon and rectum.
Tissue samples were also collected from the ileocecal lymph nodes, spleen, and liver for qualifica-
tion of Salmonella. Body weights were recorded at the beginning and end of the study. 
Salmonella Culture Fecal samples and luminal contents (1 g) were serially diluted, plated on
BGANN agar and incubated overnight (24 h, 37°C). Tissue samples were enriched in tetrathionate
broth (24 h, 37°C) before plating on BGANN for qualitative determination of the challenge strain.
Statistical Analyses Daily fecal shedding data were analyzed as repeated measures using the
MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Chi-square analysis using the FREQ procedure
of SAS, was used to determine influence of treatment on qualitative bacterial enumeration of tis-
sue samples. Salmonella populations in luminal contents and BW were subjected to analysis of
variance appropriate for a completely randomized design. Least square means were compared
using Duncan’s mean separation statement when significant (P<0.05) differences detected.  

Results Prior to challenge with the experimental Salmonella strain, all fecal samples were nega-
tive for wild-type Salmonella capable of growth on BGANN. Fecal shedding of the challenge strain
of Salmonella is presented by day (Figure 1), even though a treatment by day interaction was not
observed (P>0.20). Salmonella shedding was higher in the control animals each day post-chal-
lenge, decreasing over time (P<0.01),
with low levels of shedding detected only
in control animals by the end of the
experimental period. When examined
across days, pigs fed ractopamine shed
less (P<0.01) Salmonella than control ani-
mals over this four day period (Table 1).
Populations of Salmonella in the luminal
contents of the ileum, cecum and rectum
were not different (P>0.20) due to treat-
ment, while counts in the colon contents
were one log lower in the ractopamine
treatment (P=0.18). The number of
Salmonella-positive tissue samples from
the liver was decreased (P=0.05) and the
number of positive ileo-cecal lymph
nodes tended (P=0.13) to decrease in the
ractopamine treatment (Table 1). Body
weights were similar among treatments
prior to initiation of experimental diets.
Pigs fed ractopamine tended (P=0.13) to gain weight over
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Figure 1. Fecal shedding (CFU/g feces log10)
of the challenge strain of Salmonella in feeder
pigs fed diets with and without ractopamine.
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the 38 day feeding period (Table 1). Feed intakes were similar among treatments (data not
shown).

Discussion Results of the current research indicate that ractopamine supplementation to growing
pigs may influence gut populations and fecal shedding of Salmonella Typhimurium and indicate
further research is warranted. We hypothesized that ractopamine would produce responses in
gram-negative bacteria similar to those reported for the catecholamines (Burton et al, 2002
Rahman et al, 2000) and increase Salmonella populations. Interestingly, all of the affects observed
in the ractopamine treatment, although slight involved a reduction, not an increase as we expect-
ed, in Salmonella. Reasons for this are unknown but may involve changes in hormone concentra-
tions, gut turnover, effect on smooth muscle contraction, or other unknown mechanisms.  

Previously, we fed ractopamine to feedlot cattle naturally-infected with E. coli O157:H7 and
saw a decrease in the number of ractopamine supplemented cattle shedding this pathogen
(Edrington et al, 2005). Plasma catecholamines were not different among treatment groups and
did not provide any explanation for the observed results. Due to the results in the cattle study
coupled with the difficulty in handling and restraining pigs and the stress involved, we did not col-
lect blood samples for catecholamine analysis in this preliminary study with swine. Future studies
utilizing less stressful catheterization procedures may be employed to examine catecholamine
concentrations while limiting as much as possible, the stress associated with blood collection.
While the effects observed in the current study are modest, increasing the numbers of animals
used and thereby the sensitivity and ability to detect differences, may yield more substantial
effects of ractopamine supplementation on pathogen populations.   

Conclusions The effects of ractopamine on performance and carcass characteristics in finishing
swine are well documented.  The present work has exciting implications considering this com-
pound, designed to be fed immediately prior to slaughter, may have the added benefit of reducing
foodborne pathogens.  Future work will examine the effects of ractopamine feeding in market
hogs naturally colonized with Salmonella.
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Treatment: Control Ractopamine SEMa P-value

Daily Sheddingb 2.44d 1.55e 0.25 0.01

Luminal contents

Ileum 1.87 1.30 0.32 0.22

Cecum 2.51 2.04 0.40 0.42

Colon 2.22 1.33 0.45 0.18

Rectum 1.19 0.50 0.51 0.35

Tissue enrichments

Cecum 8/8 8/8 1.0

Ileum 7/8 8/8 0.30

Colon 7/8 6/8 0.52

Rectum 3/8 4/8 0.61

LNc 5/8 2/8 0.13

Spleen 1/8 1/8 1.0

Liver 3/8d 0/8e 0.05

BW (kg)

Initial 33.5 32.9 1.12 0.75

Final 66.8 68.1 1.38 0.51

Change 33.3 35.2 0.79 0.13

Table 1.  Daily fecal shedding and luminal content populations of Salmonella
(CFU/g log10), Salmonella positive tissue samples, and BW change in feeder pigs
experimentally infected with Salmonella and fed a grower ration with and with-
out ractopamine. aStandard error of the mean. bNo treatment by day interaction
(P>0.20), therefore data were pooled and averaged across days. cIleo-cecal
lymph nodes. deValues within row without a common superscript differ (P<0.05).
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THE ROLE OF TRUCK WASH PRACTICES IN 
DISSEMINATION OF SALMONELLA AND 
CAMPYLOBACTER IN COMMERICIAL SWINE 
PRODUCTION.

Paul M. Dorr*, Heather Lowman, Wondwossen Gebreyes
Department of Population Health and Pathobiology, North Carolina State University – College of Veterinary Medicine, 4700
Hillsborough St., Raleigh, NC, 27606. Ph: 01-919-513-8291; E-mail: wagebrey@ncsu.edu

Summary This study investigated the sources of two foodborne pathogens, Salmonella and
Campylobacter in a commercial swine production system. Pathogens were characterized using
conventional culture and isolation techniques and antibiograms. Four swine herds were selected
and followed from late nursery to slaughter along with the four truck washes servicing the sys-
tem. Increase in Salmonella prevalence with increasing age from late nursery to slaughter was
found. Prevalence of Campylobacter fluctuated in different age groups throughout the production
period. All truck washes, except truck wash D, showed a reduction in contamination from pre to
post wash. It was found that trucks remain a potential source of Salmonella and Campylobacter
even after washing and disinfection. The type and extent of multi-drug resistance varied by stage
of production and environmental source. Genotypic profiling is underway to determine the clonali-
ty of isolates from pigs, trucks and environmental samples to better characterize important
sources of cross contamination.

Introduction Salmonella and Campylobacter are the most important food borne pathogens in
many countries including the United States. These bacteria have been responsible for more than
500 and 124 deaths each year, respectively (Mead et al., 1999). In the U.S. Salmonella serovars of
public health importance are common in swine in North Carolina. Identification of factors that may
contribute to introduction and dissemination of these food borne pathogens is a very important
issue facing today’s pork industry, especially large integrated systems where there are many mov-
ing parts within the same system. This project proposes to study the role of trucks and truck
washing systems, housing environment, holding pens at processing facilities, and the evisceration
process as potential factors that contribute to the dissemination of these foodborne pathogens
and their contribution to the prevalence and profiles of multi-drug-resistant (MDR) isolates. The
long-term goal of this study is to identify those factors responsible for introducing antimicrobial
resistant foodborne pathogens into pork products and implementation of preventive measures
that result in reduced pathogens in the food supply. The specific aims of this study include the fol-
lowing: First, to compare and evaluate different truck wash practices in the pork production sys-
tem, particularly using recycled lagoon water with that of clean water washing systems. Second,
to compare Salmonella and Campylobacter isolates identified from pigs and the environment
(trucks, lagoon water, barn flush, and floor swab) using phenotypic and genotypic approaches.
Third, to determine the role of environment for the introduction and dissemination of Salmonella
and Campylobacter.

Materials and Methods A total of four, three site production flows within the same integrated
system were chosen for this study. Also, within this system, four truck wash stations were cho-
sen for evaluation. Sixty fecal samples were taken from each location of study pigs at each stage
of production. The sampling distribution includes late nursery (just prior to relocation into the fin-
isher), early finish (two weeks into the finisher), late finish (just prior to relocation to the slaughter
plant), and slaughter (60 cecal and 60 mesenteric lymphnode post-evisceration samples – note:
no slaughter samples were obtained for “farm 3” due to early shipment of the finisher pigs).
Furthermore, throughout the production period, environmental samples were obtained which
include pre-load nursery transport trailer swabs (5 swabs per truck), pre-fill finisher pen drag
swabs (10 pens), and finisher lagoon samples (inlet, outlet, and pooled samples). From the truck
wash stations one sample was taken from the lagoon outlet, lagoon inlet, pooled lagoon sample,
the pump lifter, and hose. In addition, 10 trailers were sampled at each station both pre and post
wash. Five samples were taken from each pre and post wash trailer. All samples were processed
for Campylobacter and Salmonella as previously described (Gebreyes et al., 2000). A maximum of
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3 colonies for Cambylobacter and 5 colonies for Salmonella were selected from positive Campy
cefex and XLT4 plates and were subjected to further biochemical testing for confirmation of
genus as previously described. The Kirby Bauer method was used for subsequent antimicrobial
susceptibility testing using the following antibiotics as previously published: ampicillin (A; 10 µg),
amoxicillin-clavulanic acid (Ax; 30 µg), amikacin (An; 30 µg), ceftriaxone (Cro; 30 µg), cephalothin
(Cf; 30 µg), chloramphenicol (C; 30 µg), ciprofloxacin (Cip; 5 µg), gentamicin (G; 10 µg), kanamycin
(K; 30 µg), streptomycin (S; 10 µg), sulfasoxazole (G; 250 µg), and tetracycline (T; 30 µg) (Gebreyes
et al., 2005).

Results In this study, prevalence of Salmonella and Campylobacter at different stages of swine
production as well as environmental samples including trucks, lagoon water, barn swabs, holding
pens at slaughter and slaughter specimens including cecal content and mesenteric lymph nodes
were assessed. Increase in Salmonella prevalence with increasing age from late nursery to
slaughter was found (Figure 1). This trend is seen in all three farm flows which increased in preva-
lence from nursery to slaughter from 6.4% to 56.7%, 5% to 65%, and 0% to 50% in farms 1, 2
and 4 respectively.  

On the other hand, prevalence of Campylobacter fluctuated in different age groups throughout the
production period.  This has been consistent across all the three groups as shown on Figure 2.

Four truck wash stations were also evaluated in this study for Salmonella and Campylobacter
contamination both before (pre wash) and after (post wash). These stations were conveniently
selected based on their differences on the specific practices of using different types of chemicals
and sources of water. Truck wash A used recycled water with Vercon disinfectant and had a post
wash Salmonella and Campylobacter prevalence of 0%. Truck wash B used recycled water with a
phenol disinfectant and had a post wash Salmonella and Campylobacter prevalence of  20% and
20% respectively. Truck wash C used fresh water, followed by soap, and a phenol disinfectant and
had a post wash Salmonella and Campylobacter prevalence of 45% and 90.9% respectively.
Truck wash D also used recycled water with a phenol disinfectant and had a post wash
Salmonella and Campylobacter prevalence of 100% and 100% respectively. All truck washes,
except truck wash D, showed an improvement in the amount of contamination from pre to post
wash. At this cleaning station the recovery of Salmonella and Campylobacter after washing was
increased from 70% to 100% and from 20% to 100% respectively.  

The antimicrobial resistance profiles for the Salmonella isolates obtained from farm flow 1
revealed a number of cephalosporin resistant isolates present on both the pre-load nursery truck
and in the nursery fecal sample. Of the isolates recovered from these samples 54% and 23%
respectively, were resistant to cephalothin. These fecal isolates from the nursery also showed the
greatest percentage of multi-drug resistance (100%) among the animal samples obtained (using 3
or greater antibiotics as a cutoff). The environmental samples in the finisher (lagoon, and pen sam-
ples) showed the highest frequency of MDR (100%) among the environmental samples.  The
greatest variability shown in the type of resistance displayed was in the samples obtained from
the mesenteric lymph nodes.  At least one isolate was present in each of the antibiotic resistance
categories.

Discussion The increase in Salmonella prevalence throughout the production period may be due to
the constant exposure to contaminated environments such as trucks, pens, etc…  However, the
dramatic increase in prevalence which is seen in the cecal and mesenteric lymph node samples
obtained from the slaughter plant may be a result of stress shedding induced by the trucking
process (Isaacson et al., 1999) in addition to potential cross contamination during transport and
holding. On the other hand, Campylobacter prevalence was not in constant increase as seen in
Salmonella. Though, the risk factors and epidemiology of this organism has not been studied much,
this may be a result of early exposure, intermittent shedding, and re-exposure. There is a dramatic
difference in the pre and post truck wash prevalence of Salmonella and Campylobacter among the
four truck washes analyzed. The combination of recycled water flush followed by Vircon disinfection
appeared to be the best. However, among the two truck washes that had the same procedure of
using a recycled water flush followed by disinfection with a phenol, the post wash difference in
prevalence was dramatic. This may be a result of variability in the completeness of the washing
and disinfection process. Further study with a larger sample size and sampling approaches is need-
ed to reach a conclusive results. The cephalosporin resistance which is seen in the preload nursery
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truck isolates
very closely
mimics the
cephalosporin
resistance
which is found
in the fecal
samples of the
nursery pigs.
However, with
time, the num-
ber of isolates
showing
resistance to
cephalosporins
goes down.
This may be a

function of increased use of
cephalosporins in the early nurs-

ery phase and there subsequent replacement with other strains because of lack of selective pres-
sure in the finishing stage on this particular farm flow. Genotypic profiling needs to be completed
to determine the genetic relationship of these isolates, and to better identify sources of infection.
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Figure 1. Prevalence of Salmonella in various production stages and processing
specimens (cecal contents and mesenteric lymph nodes) in three pig flows.

Figure 2. Prevalence of Campylobacter in various pro-
duction stages and processing specimens (cecal con-
tents and mesenteric lymph nodes) in three pig flows.
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INSPECTION FOR TRICHINELLA IN THE EU - FOOD
SAFETY OR EXPORT CONCERNS

Christian M.O. Kapel*
Danish Centre for Experimental Parasitology, Royal Veterinary and Agricultural University, Dyrlaegevej 100, DK1870
Frederiksberg C., Denmark, email: chk@kvl.dk

Abstract The former 15 EU countries have been spending an estimated 570 million Euro yearly to
inspect for Trichinella in pigs primarily raised on industrialized farms with negligible little risk of
acquiring the parasite; human trichinellosis in the EU is generally caused by game meat, imported
horse meat, or meat from local pigs raised outdoors. Occurrence of both pig and human trichinel-
losis has significantly higher prevalence in the newly associated eastern countries. Attempts are
made to define Trichinella-free areas, but only certification of Trichinella-free pig production
units/farms appears feasible. Because current serological detection methods are not suited for
meat inspection, the classical direct detection methods and inactivation by freezing remain the
methods of choice for inspection of pork in the new EU legislation, which is planned to go into
force in early 2006. Automation of direct inspection methods may represent a cost effective alter-
native to certify pig farms free of Trichinella.

Introduction Human trichinellosis is estimated to affect at least 11 million people globally, and
based on the cost of previous outbreaks (Dupouy-Camet, 2000), the annual cost of the 3,000-
5,000 yearly human cases in EU (1990-2004) is many million Euro. Human trichinellosis have been
increasing during the 1990s in the original EU member states, but especially so in the newly
associated EU countries (Murrell and Pozio, 2000; Djordjevic et al., 2003). Almost exclusively the
meat sources of infection in Europe have been horses, wild boar, and pigs bred on small farms or
allowed to graze on open pasture (Pozio, 1998; Murrell and Pozio, 2000; Oivanen et al., 2002;
Malakauskas et al., 2005). Most of such pigs (organic, ecological, free-ranging, etc.) are used for
local or regional consumption only. Although animals for local and regional consumption has not
required to be tested in the present EU legislation, but this will be changed in the future legisla-
tion. In addition, the illegal importation of infected pork and pork products has led to outbreaks of
trichinellosis in Germany, Denmark, Italy and the UK (Pozio and Marucci, 2003; Hansen and
Kristensen, 2004).

As management scenarios differ widely in Europe, the typical management systems at risk in
Western Europe are the free-range production and the small farm where pigs are raised for pri-
vate consumption; in Eastern Europe it is the newly established private farms and the small back-
yard rearing which have gradually replaced the larger collective farms.

The high number of infections in domestic pigs in east and central European countries repre-
sents a serious problem for the meat trade between EU countries, and most likely also for the
general perception of the quality pig meat exported from the EU.

Methods of Meat Inspection Although trichinoscopy, which is laborious, costly and not very sen-
sitive, has gradually been replaced by artificial digestion methods in most industrialized slaughter-
houses of Western Europe, it is still common many places in Central and East Europe, and in
small slaughterhouses in Western Europe. The method does not detect the non-encapsulating T.
pseudospiralis, which is widespread in European wildlife, representing a risk of infection of live-
stock in extensive production units as has occurred in farmed wild boars in Finland (Oivanen et
al., 2002) and in a domestic pig herd in the Slovak Republic (Hurníková et al., 2005). Thus, the use
of trichinoscopy as a method for Trichinella control in the EU will only be allowed as a transitional
measure.

Six artificial digestion methods have up to now been accepted by the EU, but in future legisla-
tion this number will be reduced to four: 

< The magnetic stirrer method (gold standard); 
< the “Stomacher” sedimentation method;
< the “Stomacher” filtration technique; and 
< the “Trichomatic 35” automated digestion. 

These digestion methods are all very suitable for  demonstrating Trichinella larvae in pork, but
only the magnetic stirrer digestion has been subjected to validation studies (Forbes and Gajadhar,
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1999). All animals slaughtered in EU export accredited abattoirs should be examined according to
one of these artificial digestion methods. The amount of meat that must be tested per animal in
future is 1 g for pigs, 5 g for horses and wild boars, and 10 g for other game.

Indirect (serological) test methods are at present not recommended as a substitute for direct
(pooled sample digestion) methods of individual carcasses at slaughter (Gamble et al., 2000; 2004).
Among others, serology cannot detect early infections in pigs (Kapel and Gamble, 2000). The sensi-
tivity and specificity of such tests are obviously important for the validity of the test results, but the
statistical predictive value of the test rely on the true prevalence in the population subjected to sur-
veillance. In non-endemic areas, the positive-predictive value is extremely low and useless as a
substitute for meat inspection. However, the negative predictive values in the same areas may be
used for surveillance of farms under a pre-harvest control program (se below).

Certification by Freezing (Only for Pork) Pork can be certified after freezing by either of three
different methods, and in consideration of the size of the meat portions frozen. As larger pieces
of meat have to be frozen for longer time periods (e.g. 20 days at -25°C), the procedure is a rather
expensive substitute for inspection by digestion, but it may be suitable for meat that would any-
way be sold frozen. In the future EU legislation, meat from wild boars, horses or game cannot be
certified by freezing since they may hold cold tolerant species of Trichinella.

Potentials for Pre-Harvest Control (Trichinella-Free Farming) The EU and USA have investigated
strategies to limit meat inspection to pigs at risk (pigs on farms without rodent control and barriers
to the surrounding fauna, pigs on pasture, etc). Before this can be realized, however, a system
must be put in place which allows certification of pig farms as Trichinella-free, on the condition that
they fulfill certain criteria. In the US, a pilot program for certifying pig herds is being conducted. 

In the future EU legislation, the following criteria (simplified) have been proposed for designat-
ing Trichinella-free pig farming: 

1) All pigs, originating from certified breeders, are registered, identifiable at arrival and 
when leaving the farm; 

2) production pigs never have access to pasture; 
3) pig buildings are constructed to prevent rodents from entering and a rodent control 

program is enforced; 
4) only feed from certified producers maintained in closed silos to prevent access by 

rodents is used; 
5) waste food, containing meat products, is heated to inactivate Trichinella;
6) dead animals are disposed by sanitary means within 24 hours; and 
7) introduced new animals originate from Trichinella-free farms or, alternatively, animals are 

held in quarantine and are examined serologically prior to introduction. 
In addition to the above “on-farm” requirements that have to be fulfilled by the operator of the

farm, it will be a requirement that a competent authority shall periodically conduct audits ensuring
that the farm meets the prescribed criteria. The same authority shall ensure that the individual
Trichinella-free farm is monitored in a surveillance program, which verifies that pigs are indeed
free of Trichinella. In addition, a risk based wildlife monitoring program on indicator animal species
shall be conducted by an independent authority.

Although the “on-farm” measures for certification and periodic audits are very similar between
the US and EU initiatives, the surveillance of all individual Trichinella-free farms is not included in
the US initiative. Instead, surveillance is conducted on a part of the national pig herd, which is
less costly, but does not allow for any direct risk assessment in the Trichinella-free farming units.
Also, the US initiative does not include regional monitoring programs of wildlife, which in the EU
initiative provide data for the risk assessment on transmission from the surrounding fauna.

Although risk of Trichinella transmission is eliminated in confined industrialized production, one
single finding of Trichinella in animals raised in other management systems will presumably have
a major impact on the export of animals from the same region, independently of its relative risk.
For Trichinella-free farming such individual findings may exaggerate consumer perception of the
risk much more than if pigs are individually inspected by meat inspection.
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Cost of Meat Inspection and Herd Certification The major intention for instituting herd certifi-
cation or Trichinella-free farming is to allow the meat industry to save money without compromis-
ing food safety. Cost estimates for classical Trichinella inspection by digestion ranges from 0.12 to
2.5 Euro per pig. In large industrialized slaughterhouses (roughly 10,000 pigs/day) in Denmark, the
cost estimate for inspection by pooled sample digestion is 0.15 Euro per pig. Although, the EU
has not done any cost estimates of certifying Trichinella free farming, the comparable US herd
certification program estimates that the cost is 0.2-0.6 US$ (0.16-0.48 Euro) per pig (excluding
surveillance in individual certified farms and monitoring of wildlife). Thus, the costs are at least the
same for the certification procedure as for the classical digestion procedures.

Other alternatives to make Trichinella inspection more cost effective include serological
inspection or automation of the classical inspection techniques. Although the present technical
problems for the use of serology (sensitivity, specificity and low predictive value) may be over-
come, another cost efficiency obstacle, is that serological samples cannot be pooled (as for the
direct detection techniques).

Stake Holders: Export Concerns or Real Consumer Protection The demand for changes in the
present EU legislation has been primarily put forward by the meat industry to reduce the cost for
inspection, but the same industry is very much aware of the consumer perception of risk associ-
ated to their product. This is especially the case for pigs that are exported. For pigs raised in con-
fined farms under industrialized management practices, with strict observation of microbial
hygiene (rodent control, food storage, etc.), there is little or no risk of Trichinella transmission, but
if the cost to certify these farming systems and separate finishing pigs from alternatively raised
pig at slaughter exceeds the cost of the classical inspection techniques, a simple and efficient
meat inspection procedure that allows for traceability and thorough epidemiological risk analysis
of single findings is likely preferable from an industrial perspective.

It may also be argued that an efficient meat inspection on individual animals has the highest
degree of consumer protection in a region like Europe that includes both high- and low-endemic
regions and a variety of pig management systems.
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Abstract The societal monetary burden of cysticercosis in the Eastern Cape Province, South
Africa, Honduras, India and the United States of America were estimated. Data on the frequency
of infection and on associated morbidity in both human and pig populations and their costs were
collected. Decision trees were used to assess the frequency of medical care and loss of value of
pigs with their monetary impact. All results are in 2004 US$. The societal monetary cost of T. soli-
um cysticercosis was estimated to US$13.4 million (95% CI: US$45.3 million-US$262.3 million) in
India, US$20.0 million (US$6.2 million-US$37.6 million) in Honduras, US$24.8 million (95% CI =
$10.5 million, $49.0 million) in the Eastern Cape Province, and US$3.1 million (95% CI $1.2 mil-
lion, $6.4 million), in the United States. Porcine cysticercosis is a preventable infection that pro-
duces a very important monetary burden for some regions of the world. 

Introduction Neurocysticercosis (NCC), infection of the human brain by the larvae of the zoonotic
parasite Taenia solium, is considered the most important parasitic infection of the human central
nervous system and is estimated to cause between 20% and 50% of all late-onset epilepsy
cases globally (Bern et al., 1999). Epilepsy is a syndrome with considerable social, psychological,
economical and physical impact in a community, and affected individuals and their families are
often stigmatized, leading to decreased productivity and increased costs to the society. Taenia
solium requires humans and pigs as definitive and intermediate hosts, respectively, to complete
its life cycle. The larval stage of the parasite can cause disease in both humans and pigs with
potentially large economical impact in areas where the disease is endemic. In areas where meat
inspection is present, infected pig carcasses are totally or partially condemned, leading to impor-
tant income losses to the pig’s owner. These losses are also likely to impact on local, regional,
national and even international trade.  

The probability of a person being diagnosed or treated for NCC, the impact of the disease on
his/her productivity and the probability of affected pig carcasses being condemned are likely to
vary nationally and internationally.  The costs associated with these elements are also likely to
vary. Until recently there has been no concerted effort to assess these probabilities and costs on
a global scale, and therefore a thorough assessment of the burden of disease and impact of T.
solium cysticercosis has been impeded (Engels et al. 2003). Because this information was previ-
ously unavailable, NCC remains a “neglected” disease at the global level in spite of evidence indi-
cating that it is a significant problem in many poor countries around the world. 

The purpose of this ananlysis is to estimate the societal monetary burden of cysticercosis in
the Eastern Cape Province, South Africa, Honduras, India and the United States of America.

Materials and Methods
Epidemiological data Quantifying the monetary burden of cysticercosis requires obtaining valid
data on the frequency of infection and on associated morbidity outcomes in both human and pig
populations and their associated costs. In pigs, most economical losses occur when pigs are con-
demned in slaughterhouses. To our knowledge, there are no productivity losses associated with
porcine infection. The major health consequences to humans of cysticercosis infection occur with
NCC. The most common symptom is seizures, and an unknown proportion of persons with NCC
will go on to develop chronic, remote symptomatic seizures (i.e. epilepsy). Thus, epilepsy was
chosen as the primary outcome for the burden assessment. Data on the prevalence of cysticerco-
sis infection, NCC or epilepsy in each of the 4 study countries were obtained from a variety of
sources; most came from published sources, but some unpublished data and experts’ opinions
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were also used.  When determining which data to use, preference was given to studies done in
well defined, representative samples of a population, that used appropriate and fully described
serological methods, clearly stated and accepted definitions of epilepsy, and neuroimaging
assessments for NCC. Information on population frequencies of infection with cysticercosis and
associated diseases was gathered and organized with decision trees (Haddix, 2003, Pettiti, 2000;
Carabin et al., 2005). Figure 1 illustrates an example of a decision tree estimating the monetary
burden of human cysticercosis in Honduras.
Costs data We used a societal approach to value the monetary burden of T. solium cysticercosis,
which means that cysticercosis is assumed to have a monetary burden to all the individuals of a
population. The monetary effects of human losses are very useful indicators because, in the case
of zoonoses, they can be combined with the concomitant animal health and production losses to
estimate the total economic losses to society.  
Animal health costs Direct costs of cysticercosis infection in pigs will most often result in the
condemnation of the whole carcass at the slaughterhouse (Zoli et al., 2003). However, in poor
countries most pigs are slaughtered without any meat inspection (Joshi et al., 2003) and some
parts of the infected animals may still be sold, usually at a lower price (Zoli et al., 2003). This infor-
mation was very difficult to gather and estimates had to be made by our local collaborators in
most cases. In some instances, pigs are not sent to the abattoir at all, because in areas where
cysticercosis is endemic the carcasses would be rejected. In such situations there is a missed
opportunity for the farmers to improve their financial wellbeing. We did not attempt to estimate
any indirect cost associated with porcine cysticercosis as there is, to our knowledge, no available
data on the effect of T. solium on swine productivity in terms of growth, fertility and/or fecundity.
Human health costs We divided the human monetary burden into health provider costs (HPC)
and non-health provider costs (non-HPC). An effort was made to include all costs associated with
the diagnosis, treatment and follow-up of theoretical “average” cases who would not seek med-
ical attention, those who would seek medical attention, and those who would be hospitalised in
each country. Non-HPC represent out-of-pocket money that patients loose due to their conditions.
We used the average salary of a farmer to estimate the productivity losses, assuming that the
majority of cases of NCC would be living in small holder farming communities. We attributed the
same average salary for men and women and to mothers of affected children. Throughout, we
estimated the costs of NCC for one year. In all countries, if costs data were available from a previ-
ous year, they were updated to their current values using local health CPI for HPC (when avail-
able) and average CPI for salaries.  Updated values were then transformed to 2004 US dollars
using average 2004 currency exchange values.
Uncertainty and sensitivity analyses Estimates of the frequency of porcine or human cysticer-
cosis from epidemiological studies or national data are very uncertain. We carefully reviewed the
literature to identify the study population and source population in order to avoid an overestima-
tion of the national prevalence of the infection for the countries reviewed.  There is also a large
amount of uncertainty related to the proportion of infected cases that will develop different symp-
toms or experience productivity losses, mainly because no cohort or nested case-control studies
have been conducted to date to estimate these values. This is true for animal and human cases.
Finally, the monetary values attributed to the diagnosis and treatment of each symptom and, for
example, the daily salary of a farmer or a homemaker in a low-income country that would be lost
with a reduction in productivity, are always uncertain. To deal with the uncertainty inherent in the
available data, we used @Risk which is an add-in to Excel that uses Monte Carlo sampling to rep-
resent the uncertainty.  

Results Table 1 shows HPC, non-HPC and overall costs estimated for Honduras, India, Eastern
Cape Province, South Africa and the United States of America. In India, the human health sector
costs were estimated using three methods, two of which used estimates of the costs of epilepsy
previously published (Sawhney et al., 1996; Thomas et al., 2001). The third method was based on
epidemiological and costs estimates provided by one of the co-authors (VR).  

In all the sensitivity analyses, one of the most influential parameters was the proportion of active
epilepsy cases and/or seizure cases due to NCC. This parameter should be a priority in future
research in order to obtain better estimates based on clearly defined and validated diagnoses. Since
this proportion is likely to vary from country to country, such studies may need to be conducted on
a country-by-country basis.  Another parameter of interest is the prevalence of epilepsy, which has
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not been measured very well in communities other than the U.S.. We have made an effort in this
analysis to use estimates of the prevalence of epilepsy derived from the whole community.  Finally,
the time loss associated with epilepsy and NCC needs to be better estimated.

Discussion This study is the first to report a comprehensive estimate of the monetary burden of
cysticercosis on the health and agricultural sectors in 4 regions of the world (Latin America, North
America, Africa and Asia).  

The estimate of the monetary burden for Honduras is equivalent to 1% of the purchasing
power parity per capita. This is an enormous burden for these people. In Eastern Cape Province,
South Africa, our estimate of the monetary burden per capita is US$ 3.49, which is considerable
when compared to annual health expenditures of US$ 41.26 for people living in poor dwellings in
Eastern Cape Province (Statistics South Africa 2004). The estimate of the burden for India was not
as important on a per capita basis, but the absolute value of the monetary burden was impressive
(US$ 634 million). In addition, if we consider that 93% of Indians are Hindus and Muslims (CIA,
2004) and do not consume pork meat, those that do eat pig meat must be spreading the infection
very efficiently. The estimate from the United States was negligible compared to the wealth of
most of its citizens. However, most of the cases are immigrants for whom NCC could be devas-
tating financially. The only other recent value of the monetary burden for Africa is a very rough
estimate of losses associated with porcine cysticercosis in Cameroon (Zoli et al. 2003). These
authors estimated that with a nationwide prevalence of porcine cysticercosis of 9.25% and
assuming the value of each infected pig was reduced by 50, the total losses associated with
porcine cysticercosis were 2,062,125 (US$2,334,490) in 2003.  This is less than our average
annual estimate of US$5 million for Eastern Cape Province.  

This analysis has several limitations.  Few well-designed community-based epidemiological
studies have been published, resulting in very uncertain estimates for the epidemiological data.
Information on treatments received by NCC cases and their work loss were mostly based on
experts’ opinions due to the lack of published data. We included known ranges of uncertainty for
the economical data, but more needs to be done to improve these estimates. Estimates of work
lost are also extremely difficult to obtain. Reduction in the value of pig carcasses is not known, has
not been systematically measured, and may vary from place to place. Considering the increasing
trend of pig keeping and pork consumption in many developing countries, the burden and impact
of cysticercosis are expected to increase even further in the coming years. Another limitations is
that in most instances, the only costs to humans that were considered were those associated with
epilepsy. Other neurological manifestations of NCC, although less common, may also carry a signif-
icant societal burden, but these were generally not included in the estimates due to the absence
of useable data relating to the other manifestations of NCC. Therefore, we believe that our esti-
mates are conservative and that the true impact of cysticercosis may be even greater.

Conclusions Human and porcine cysticercosis is a preventable infection that produces monetary
burden to both agricultural and public health sectors for some regions of the world. More needs
to be done to raise awareness and encourage collaborations between these two sectors to con-
trol this preventable cause of epilepsy.
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Country Sector
Health Provider

costs
Non-health

Provider costs
Total Costs

Honduras

Agricultural 0.7 (0.4-1.3)

Health 6.9 (1.9-15.6) 11.3 (3.1-23.5) 18.2 (5.5-36.8)

Societal 19.0 (6.2-37.6)

India–Thomas estimates Health 50.6 (35.7-29.9) 164.8 (116.5-97.9) 215.4 (128.2-152.2)

India–Sawhney estimates Health 82.9 (58.6-49.1) 98.2 (69.3-58.1) 181.1 (107.2-127.9)

India – Our estimates

Agricultural 40.8 (1.9-95.7)

Health 23.7 (7.0-38.7) 70.1 (11.9-181.3) 93.8 (21.4-213.0)

Societal 134.6 (45.3-262.3)

Eastern Cape, South
Africa

Agricultural 5.0 (2.4-8.1)

Health 6.0 (2.3-11.3) 13.9 (2.9-35.7) 19.8 (6.2-43.6)

Societal 24.8 (10.5-49.1)

United States of America Health 1.0 (0.6-1.6) 2.1 (0.5-4.9) 3.1 (1.2-6.4)

Honduras  

Yes  

No  

Yes  

No  

Yes  

No  
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No  

Yes  

No  
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No  
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No

Honduras

0.23%

3.68%

Active Epilepsy?

5.9%
1

94.1%
16

0.00%
0

100.0%
57

7.1%
1

92.9%
13

3.3%
2

96.7%
58

81.1%
60

83.0%
400

18.9%
14

77.0%
57

23.0%
17

17.0%
80

NCC (diagnosed with CT scan)
74

NCC (diagnosed with CT scan)
74

EIT B+?
480

Figure 1. Example of a decision tree used for estimating the
monetary burden of Taenia solium cysticercosis in Honduras.

Table 1. Estimates of the average and 95% Credible Interval health provider (direct) and non-
health provider (indirect) and overall monetary burden (in millions of 2004 US$) of Taenia solium
cysticercosis in Honduras, India, Eastern Cape Province of South Africa and the USA.



O
R

A
L

P
R

E
S

E
N

T
A

T
IO

N
S

171

SafePork 2005

PREVALENCE OF YERSINIA ENTEROCOLITICA ACROSS
PHASES OF SWINE PRODUCTION

Andrew Bowman*, Andrew Mack, Julie Funk 
Department of Veterinary Preventive Medicine, College of Veterinary Medicine, The Ohio State University, 1920 Coffey Road,
Columbus, OH 43210, Phone: 614-247-6635 Email: bowman.214@osu.edu

Abstract The objective of this study was to describe the prevalence of Yersinia enterocolitica (YE)
in different swine production phases. In this cross-sectional study, individual pigs on eight farrow-
to-finish farms were sampled for YE by collection of both feces and oral-pharyngeal swabs.
Samples were cultured with a three-week cold enrichment followed by culture onto selective
media. Presumptive YE isolates were confirmed as YE and assayed for the presence of the ail
gene using a multiplex PCR. A pig was considered positive if either the fecal sample or oral-pha-
ryngeal swab tested positive. Of the 2321 pigs sampled, 141(6.1%) were YE positive and of
those,109 were ail positive (77.3 % of YE isolates). There was a consistent trend of increasing
prevalence with maturity. These results represent the first on-farm description of YE in US herds
providing first step for future studies to understand the epidemiology of YE in US market swine.

Introduction Yersinia enterocolitica is a food borne pathogen which causes an estimated 96,000
human illnesses in the United States each year (Mead et al., 1999). While the bacterium has been
found in a variety of food and environmental samples, swine are the only food animals that regular-
ly harbor pathogenic Y. enterocolitica (Kapperud, 1991). Thus swine and pork products have been
implicated as the primary reservoir of pathogenic Y. enterocolitica. Recent outbreaks in the US have
been related to the preparation and consumption of chitterlings (pig intestines). (Anonymous, 1990;
Anonymous, 2003) Of particular food safety concern is the ability for Y. enterocolitica to grow at
refrigeration temperatures and survive repeated freezing and thawing.(Toora et al., 1992) 

Previous studies of Y. enterocolitica have investigated swine at harvest (Hanna et al., 1980;
Harmon et al., 1984) but little research has focused on the epidemiology of Y. enterocolitica at the
farm level. Understanding the on-farm epidemiology of Y. enterocolitica is the first step towards
identifying risk factors and potential interventions in swine production that may decrease the risk
of product contamination during harvest and processing. The objective of this study was to
describe the prevalence of Y. enterocolitica in different production phases on swine farms.  

Methods A cross-sectional study to survey individual pigs for the presence of Y. enterocolitica
was undertaken on eight farrow-to-finish swine operations in Ohio. On each farm, during a one-
time visit, gestating sows (G), farrowing sows (S), their suckling piglets (P), nursery pigs (N), and
finishing pigs (F) were cultured for the presence of Y. enterocolitica. When possible, the youngest
(1) and oldest animals (2) within each phase were sampled. The number of pigs sampled in each
production phase was calculated in order to estimate prevalence with 95% confidence and a
610% confidence interval based on previous estimates in the literature of 25% prevalence in
swine at harvest.  This sampling scheme resulted in the sampling of 2321 pigs from May to
August 2003.  

Fecal samples (10g) and oral-pharyngeal swabs were collected and tested for each animal with
the exceptions of 1) sows in the farrowing room where oral-pharyngeal swabs were not collected
and 2) in the cases where 10g of feces could not be collected (i.e. piglets under 10 weeks of age)
rectal swabs were used in place of a fecal sample. Animals were considered positive if either the
fecal or oral-pharyngeal sample tested positive for Y. enterocolitica. Samples were cultured
according to the gold standard method of three-week cold enrichment in phosphate buffered
saline (PBS) (Aleksic et al., 1999). Briefly, swabs were placed into 10mL of PBS and fecal samples
were diluted at a 1:10 ratio with PBS (EMD Chemicals Inc.). Swab and fecal samples were incu-
bated for 3 weeks at 4°C. Following enrichment, 10µL of the inoculated PBS was streaked onto
Yersinia Selective Agar (CIN) plates (Becton Dickinson and Company). Plates were incubated at
25°C for 48 hours before being examined for colonies resembling Y. enterocolitica. Colonies hav-
ing morphologies typical of Y. enterocolitica were tested on Kligler’s Iron Agar (KIA) (Becton
Dickinson and Company) slants and urease broth (Becton Dickinson and Company). Colonies that
produced an alkaline slant with an acid butt on the KIA within 24 hours and an alkaline urease
broth reaction within 48 hours were classified as presumptive Y. enterocolitica. Presumptive Y.
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enterocolitica isolates were stored at -80°C until PCR could be performed.
All presumptive isolates were confirmed as Y. enterocolitica (based on 16S RNA target

sequence) and assayed for the presence of the ail gene (a virulence gene associated with human
clinical disease isolates) with the use of a multiplex PCR. Y. enterocolitica isolates that harbored
the ail gene were classified as potentially pathogenic. The multiplex PCR setup used was based
on that of Wannet et al (Wannet et al., 2001). To amplify the 330 base pair product of the Y. ente-
rocolitica 16 RNA gene, primers Y1 (5’-AAT ACC GCA TAA CGT CTT CG-3’) and Y2 (5’-CTT CTT
CTG CGA GTA ACG TC-3’), were used. Primers A1 (5’-TTA ATG TGT ACG CTG CGA GTG-3’) and
A2 (5’-GGA GTA TTC ATA TGA AGC GTC-3’) were used to amplify the ail gene, resulting in a PCR
product of 425 base pairs. Frozen isolates were streaked for isolation on Iso-Sensitest agar plates
(Oxoid). One isolated colony was picked with a sterile inoculating needle into 50µL sterile water. A
30µL total volume reaction was performed with Qiagen Multiplex PCR Kit following manufactur-
er’s recommended protocol including individual primer concentrations of 3.2 µM and 5uL of dilut-
ed colony. PCR amplification conditions were an initial denature at 94°C for 15 minuets followed
by 36 cycles of denaturing for 30 seconds at 94°C annealing at 62°C for 90 seconds and exten-
sion at 72°C for 90 seconds. A final extension of 10 minutes at 72°C was used after the 36
cycles. PCR products were visualized on the 4% E-Gel 48 Gel system (Invitrogen)

Results Of the 2321 pigs sampled, 141(6.1%) tested positive and of those, 109 were ail positive
(77.3 % of Y. enterocolitica isolates). On all farms, there was a consistent trend of increasing
prevalence as pigs mature (Figure 1). Less than 1% of suckling piglets tested positive for Y. ente-
rocolitica. Only 1.4% (0.7 % ail positive) of nursery pigs tested positive but 13.9% (11.2 % ail posi-
tive) of finishing pigs harbored Y. enterocolitica. An interesting finding was that while gestating
sows had the second highest prevalence of Y. enterocolitica at 9.7% (6.8 % ail positive), Y. ente-
rocolitica was never detected from sows in the farrowing phase.  

Discussion These results represent the first on-farm description of Y. enterocolitica in US swine
herds.  Overall, the prevalence of Y. enterocolitica was lower than previous reports based on cross-
sectional surveys at harvest (Funk et al., 1998). One potential explanation for this finding may be
due to the fact the previous sampling was done at harvest thus only sampling older animals
whereas our sampling included the younger, lower prevalence, animals. Another possible explana-
tion for the lower prevalence is sampling occurring predominantly in the summer months. Previous
investigators have suggested that Y. enterocolitica prevalence is lower in summer months (Toma et
al., 1975; Tsubokura et al., 1976; Funk et al., 1998). Based on limited experimental data, the dogma
has been that pigs are infected early in life and maintain infection in the tonsils for long periods of
time, perhaps for life (Nielsen et al., 1996). The low prevalence in farrowing sows, as well as suck-
ling and nursery pigs, suggests that sows may not be a source of Y. enterocolitica infection in
growing pigs. An additional potential explanation for the lower overall prevalence is a decreased
sensitivity of our microbiological methods in farrowing sows and pre-weaning piglets. The differen-
tial sensitivity for farrowing sows may be attributable to 1) farrowing sows were only sampled
using feces, and gestation sows were sampled both with oral swabs and feces and 2) sows in
gestation tend to have feces with a higher dry matter content relative to sows in farrowing, which
may impact detection because we determine the amount of feces to culture based on weight. For
piglets, only rectal swabs were sampled instead of a larger 10g fecal weight. Sample weight has
been shown to impact sensitivity of culture methods for Salmonella (Funk et al., 2001).
Interestingly, this same pattern of high gestation prevalence but low prevalence in farrowing and in
suckling piglets has been reported for Salmonella (Funk et al., 2001).

The consistent increase in prevalence of Y. enterocolitica as pigs reach market weight is of
great importance from a food safety standpoint. The two groups of animals with the highest preva-
lence, gestating sows and finishing pigs, are the two groups most proximal to entering the food
supply. These data provide the important first step for designing future studies to understand the
epidemiology of Y. enterocolitica in US swine. Future warranted studies include following individual
pigs from birth to harvest, evaluating sensitivity of the microbiological tests for different age
groups, and evaluation of seasonal variability of prevalence. Regulatory based monitoring of food
borne pathogens at harvest and processing is likely to increase the interest in controlling food
borne pathogens on-farms. Understanding the epidemiology of Y. enterocolitica will provide veteri-
narians the tools to help coordinate on-farm controls in order to help preserve a safe pork chain.
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With safe pork accountability tracing back to the farm level, veterinarians serve a crucial role to
their clients by helping to assure the quality of the product being supplied to abattoirs.

References
Aleksic, S. and Bockemuhl, J. (1999). Yersinia and other Enterobacteriaceae. Manual of Clinical Microbiology. P. R. Murray.
Washington, D.C., ASM Press: 483-496.

Anonymous, (1990). Yersinia enterocolitica infections during the holidays in black families--Georgia. MMWR Morb Mortal Wkly
Rep 39(45): 819-20.

Anonymous, (2003).  Yersinia enterocolitica gastroenteritis among infants exposed to chitterlings--Chicago, Illinois, 2002.
MMWR Morb Mortal Wkly Rep 52(40): 956-8.

Funk, J. A., Davies, P. R., et al. (2001). Longitudinal study of Salmonella enterica in growing pigs reared in multiple-site swine
production systems. Vet Microbiol 83(1): 45-60.

Funk, J. A., Troutt, H. F., et al. (1998). Prevalence of pathogenic Yersinia enterocolitica in groups of swine at slaughter. J Food
Prot 61(6): 677-82.

Hanna, M. O., Smith, G. C., et al. (1980). Isolation of Yersinia enterocolitica from pig tonsils. J Food Prot 43(1): 23-25.

Harmon, M. C., Swaminathan, B., et al. (1984). Isolation of Yersinia enterocolitica and related species from porcine samples
obtained from an abattoir. J Appl Bacteriol 56(3): 421-7.

Kapperud, G. (1991). Yersinia enterocolitica in food hygiene. Int J Food Microbiol 12(1): 53-65.

Mead, P. S., Slutsker, L., et al. (1999). Food-related illness and death in the United States. Emerg Infect Dis 5(5): 607-25.

Nielsen, B., Heisel, C., et al. (1996). Time course of the serological response to Yersinia enterocolitica O:3 in experimentally
infected pigs. Vet Microbiol 48(3-4): 293-303.

Toma, S. and Deidrick, V. R. (1975). Isolation of Yersinia enterocolitica from swine. J Clin Microbiol 2(6): 478-81.

Toora, S., Budu-Amoako, E., et al. (1992). Effect of high-temperature short-time pasteurization, freezing and thawing and con-
stant freezing, on the survival of Yersinia enterocolitica in milk. Journal of Food Protection 55(10): 803-805.

Tsubokura, M., Fukuda, T., et al. (1976). Studies on Yersinia enterocolitica. II. Relationship between detection from swine and
seasonal incidence, and regional distribution of the organism. Nippon Juigaku Zasshi 38(1): 1-6.

Wannet, W. J., Reessink, M., et al. (2001). Detection of pathogenic Yersinia enterocolitica by a rapid and sensitive duplex

PCR assay. J Clin Microbiol 39(12): 4483-6.

Figure 1. Overall Yersinia enterocolitica prevalence by phase of production.
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ISOLATION AND CHARACTERISATION OF LISTERIA
MONOCYTOGENES FROM PIGGERIES IN FRANCE.

Philippe Fravalo*, Christine Pissavin-Castillo, Pierre-Alexandre Beloeil,Yolène LeNotre,
Gilles Salvat 
French Agency for Food safety, LERAP HQPAP, Zoopole Beaucemaine BP53, 22440 Ploufragan France
p.fravalo@ploufragan.afssa.fr

Abstract Recent analyses of human listeriosis outbreaks showed that these were associated
with consumption of delicatessen items or pork products from other sources. Serotyping of impli-
cated strains demonstrated that they belonged mainly to serotype 4b. Serotype 4b Listeria mono-
cytogenes was rarely among isolates from slaughterhouses, which belonged mainly to serotype
1/2a. A study was carried out on 32 pig herds to describe the situation regarding this pathogen.
Combining different sampling sites Listeria monocytogenes was found in 6 (18.7%) of the herds.
Considerable strain diversity among isolates from the 6 herds (6 different serotypes) was showed.
Moreover a herd carrying strains of serotype 4b was identified. Using RFLP-PFGE we were able
to describe a difference between strains of this serotype. The study suggests that the role of pigs
as a primary source of serotype 4b strains in the pork production chain should be reconsidered.

Introduction Foodborne diseases are a significant public health concern in many countries.
Whether or not is listeriosis associated more with meningitis, neonatal mortality and abortion
than gastrointestinal disturbance, Listeria monocytogenes is well recognised as a cause of food-
borne outbreaks. The main food sources have been known for many years [1, 2] and involve the
consumption of cheese and vegetables [3], but epidemiological investigation of recent outbreaks
clearly associated cases with consumption of delicatessen items and further processed pork
products from other sources [4-6]. Nowadays measures taken to control potential pathogens in
the food production chain tend to follow a “stable-to-table” approach. Many studies have charac-
terised the strains of Listeria isolated at different stages of the pork production chain including
cutting plants and slaughterhouses [7, 8]. It appears that a major clone of Listeria monocytogenes
is well adapted to pork production, and perhaps to meat in general since it could also be found in
poultry processing plants [9]. This related population belongs to serotype 1/2a and represent a
major clone that is not involved in human listeriosis, where serotype 4b is more often the
causative agent, particularly in recent French outbreaks [4-6]. A few strains that differ from the
1/2a major type can be traced from cutting plants to slaughterhouse [7-8]. Since product contami-
nation may originate in the slaughterhouse the potential role of live pigs as the ultimate source of
Listeria monocytogenes need to be considered. Recent reports on Listeria monocytogenes in
slaughterhouses made no mention of serotype 4b [8, 9]. Because the prevalence at herd level is
thought to be low, it appears difficult to trace back contamination with Listeria monocytogenes to
the farm. The aim of this study was to investigate serotype variability among Listeria monocyto-
genes strains isolated from pig herds and to compare the isolates with some strains associated
with human infections. 

Materials and Methods
Isolation of Listeria monocytogenes Thirty two different pig herds of market age were investi-
gated for the presence of Listeria monocytogenes by sampling the animals and their rearing envi-
ronment as follows: the backs of 5 randomly chosen pigs were swabbed, auger and wall surfaces
were swabbed independently and 25 g of feed were collected outside the room at the silo or in
the mixing machine depending on the method of feed distribution. Detection of Listeria monocy-
togenes involved the use of half strength Frazer broth as the first enrichment step. The feed sam-
ple was diluted 1/10 before examination and, for swabs,150 mL of the broth were added to the
bags. After incubating at 30°C for 24 h, 100µL of the first enrichment were transferred to the full
strength Frazer broth (9 mL) and incubated at 37°C for 48h. A loopful of enrichment culture was
streaked on Aloa plate and further incubated at 37°C for 24h. Typical colonies on the Aloa plate
(maximum 10) were picked, biochemically confirmed as Listeria monocytogenes and stored at -
60°C in Tryptic Soy Broth supplemented with 15% glycerol for further characterisation. All media
were obtained from AES (France).
Serotyping In total, 39 isolates of Listeria monocytogenes were obtained from the positive sam-
ples. Serotyping was carried out according to the manufacturer’s instructions using O and H antis-
era Eurobio (France).
Pulse field gel electrophoresis The DNA fragments were separated on a 1% Seakem® agarose gel
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in 0.5x solution of Tris-Borate-EDTA (Invitrogen, UK) at 14°C in a CHEF-Mapper PFGE apparatus (Bio-
Rad, Hercules, CA). The electrophoretic parameters used were as follows: initial switch time, 4,0s;
final switch time, 40,0s; run time, 22h; angle 120°; gradient, 6.0V/cm. After electrophoresis, the gel
was stained in 0.5µg/ml ethidium bromide. The resulting DNA patterns were examined on a short-
wave UV transilluminator and then photographed for visual analysis. Lambda DNA ladder (New
England Biolabs, Beverly, MA) was used as molecular weight marker. Five 4b serotype Listeria
monocytogenes strains from our laboratory collection were included as standards: CIP 27 793,
4999, 3277 and H544, the two lasts have been associated in previous human listeriosis outbreaks.

Results Listeria monocytogenes was detected in six of the herds (18.7%). For farm to farm (iden-
tified from A to F) the distribution of positive samples varied (Table1). For two of the herds (B and
D) only one site yielded Listeria monocytogenes, and this was the feed in each case. For herd F,
all the sites sampled were positive for Listeria monocytogenes detection. The two most frequent-
ly positive sites were the backs of the pigs and the feed. The most frequently isolated strains in
these 6 herds belonged to the serotype 1/2a and this was found in all six cases. At farm A, the
strains isolated from the animals and in the feed trough were not the same implying a possibly
different origin for the strains in this herd. A similar situation was evident in herd E but differing in
detail. Here, 3 of the 4 sampling sites were positive. The feed yielded Listeria monocytogenes (in
25g) but not the trough swab. From swabs of the pen walls and backs of the pigs, 4 of 6 isolates
examined were of different serotypes. At this particular farm serotype 4b was isolated. 

A molecular typing method was used to better characterise the serotype 4b field strains and
compare them with strains isolated during grouped cases episodes (Fig 1). The strains Eb1, Eb2
and Eb3 were isolated from the animals, strain Ea and Ec came respectively from the feed (sam-
pled in the mixing machine) and pen-walls of the same herd. Since serotype 4b is commonly
found in outbreaks of human listeriosis, the profiles of the herd strains were compared with other
4b serotype strains isolated in slaughter plants and others associated with a previous outbreak
using macrorestriction analysis followed by PFGE. Using this technique, differences in pattern pro-
file could be observed the profiles. After ApaI digestion of the genomic DNA, the restriction pat-
tern obtained for the Ea strain is different from those of the Eb1, Eb2, Eb3 and Ec strains. Upon
the 19 bands observed for the Eb1, Eb2, Eb3 and Ec strains and the 16 for the Ea strain, 12 are
common and are present in the pattern of the standards. One additional common band is present
for CIP27793, 4999, 3277, H544 and Ea strain but absent for the other 4b strains from the herd E.
After AscI restriction analysis, on the 10 bands of its pattern, Ea shares respectively 6 and 8
bands with the other strains of the herd E and the standard strains. The strain isolated from feed
presents a different restriction pattern compared to that observed for the animal and environment
strains. Ea appears closer to the 4b reference strains than the isolates from animal and pen walls.
It could be concluded that the two strain types were of different origins, a conclusion that would
not be possible with phenotyping methods.

Discussion In this study, two types of samples in association, animals back and the feed, indicated
the contamination status of the 6 herds. However to better describe the heterogeneity of contami-
nation (particularly in two of the herds), extending the number of sites sampled would be needed.
One of the 6 herds presenting Listeria monocytogenes allowed the isolation of 4b serotype strains.
This serotype appears to be rare in pork slaughter/cutting plants [9] yet it is very often associated
with human outbreaks [4]. Therefore we aimed to obtain characterised the 4b serotype strains
more fully.

Nowadays it is recognised that biochemical characterisation and serotyping have reached their
limits for discriminating between strains from down-stream sources of the production chain and
further better understanding will only be made at the molecular level. So far few attempts have
been made to investigate the herd origin of slaughterhouses isolates [10] and to report molecular
subtyping of Listeria monocytogenes strains from pig herds. Strains isolated from slaughterhous-
es or cutting plants
could be endemic [8, 9,
11], due to surfaces
colonising of the organ-
isms [12]. Thus control
measures against
Listeria monocytogenes
have been based on the implementation of

Farm identification A B C D E F

In 25g of food nd 1/2a nd 1/2a NT+4b 1/2a

Back of 5 pigs 1/2a nd 1/2a nd 1/2a+4b 1/2a

Walls nd nd 1/2a nd 1/2c+4b+4c 1/2a

Trough 1/2b nd nd nd nd 1/2a
Table 1 Distribution of positive samples from contaminated farms
NT: non-typable strain of L. monocytogenes; nd: none detected.
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appropriate cleaning and disinfection protocol [11]. One hypothesis suggests that some strains
could persist on carcasses throughout the process of pork slaughtering without any need to
colonise plant surfaces. However, their presence may be concealed by strains that are present in
greater numbers on plant surfaces. Serotype 4b seemed to be less efficient in colonising surfaces
than other serotypes [13], and it appears difficult to find this serotype in slaughterhouses [8, 9].
According to our study, the ultimate source of the isolates could be the herd itself. In view of the
diversity in Listeria monocytogenes contamination in this study (2/6 herds with at least 2
serotypes and the presence of different 4b serotype strains in one of them), the exact role of pig
herds as sources of the organism should be further investigated in relation to public health con-
siderations.
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Figure 2: PFGE separation of ApaI (lanes 2-5 and 7-11 and AscI (lanes 13-16 and
18-22) macrorestriction fragments of genomic Listeria monocytogenes DNA from
herd E and laboratory collection. Lanes 2 and 13: CIP 27793, lanes 3 and 14:
4999, lanes 4 and 5: 3277, lanes 5 and 16: H544, lanes 7 and 18: EA, lanes 8 and
19: Eb1, lanes 9 and 20:Eb2, lanes 10 and 21: EB3, lanes 11 and 22: Ec. Lanes 1,
6, 12, 17, and 23: Lambda DNA used as molecular weight marker (Biolabs, New
England).
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Abstract Verocytotoxin-producing Escherichia coli (VTEC) is recognized as a food-borne pathogen
of major importance. Infection by VTEC is known to cause a wide range of symptoms, from
uncomplicated diarrhoea to haemorrhagic colitis, haemolytic uraemic syndrome and death. VTEC
has primarily been isolated from cattle. However, in several countries VTEC has also been isolated
from pigs. The prevalence in Danish pigs remains unknown but a small-scale study indicated that
is was very low (2.1%) (non-published). All isolates were VTEC types that very rarely have been
associated with human disease and are considered low pathogenic VTEC.

The present risk assessment aimed at assessing whether human cases of VTEC could be at-
tributed to Danish pigs and pork. A review of recent studies on VTEC gave no indication that VTEC
in Danish pork should be considered a risk to the consumers.

Introduction VTEC is an emerging zoonotic pathogen causing severe illness in humans. The main
sources of human exposure to VTEC have been considered to be contaminated bovine products
but several other sources have been identified. At present, pigs and pork are not considered to be
the source of human VTEC infections in Denmark. However, VTEC has been reported in pigs and
pork in several countries and therefore, it cannot be ruled out that pork could be a source of VTEC
infection in humans. 

The present risk assessment was carried out to assess whether human cases of VTEC could
be attributed to Danish pigs and pork.

Materials and Methods The structure in the Codex Alimentarius guideline for risk assessment
was adopted—including hazard identification, hazard characterization, exposure assessment and
risk characterization. 

The hazard identification and characterization covered a description of the agent and its viru-
lence and pathogenicity. A description of the range and severity of clinical manifestations of the
infection in humans was also included. 

In the exposure assessment, both cattle and pigs were considered but the primary focus was
on pigs and pork. The exposure assessment covered: 

< the origin of the meat consumed in Denmark; 
< the prevalence of VTEC in live animals, and in raw meat and meat products in 

several countries; 
< the growth in meat and processed meat and factors influencing it;
< the consumption of meat and meat products in Denmark. 
However, the prevalence data was insufficient and incomplete. Especially, information about

the prevalence of VTEC in Danish pigs and pork was sparse. Data about the consumption of meat
and meat products was also poor, in particular for children below 5 years of age. Considering that
children in this age group appear to be highly susceptible, this constituted a serious problem in
the risk quantification step of the risk characterization. For these reasons, we decided to abandon
the quantitative risk assessment approach and instead carry out a qualitative risk assessment.
Expert opinion was used to increase the applicability of the incomplete data.

Results
Hazard identification VTEC is a food-borne pathogen of major importance. This was realized for
the first time in 1982 in connection with two outbreaks of haemorrhagic colitis (HC) in the states
of Oregon and Michigan, USA (Riley et al., 1983). Since then, several human out-breaks have
been reported throughout the world. 

In Denmark, human cases of VTEC infection have been reported since 1997, when molecular
detection methods were introduced. VTEC is now the 5th most frequent cause of gastrointestinal
infection in humans and more common than Shigella infection (Scheutz et al., 2005). 

Since 1997, there appears to be an increase in the National incidence (3.1 per 100.000 per
year in 2004) (Scheutz et al., 2005) but this may partly be explained by an overall increase in sen-
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sitivity of the diagnostic procedures used. Next to Scotland, Denmark has the highest incidence
of reported human cases of VTEC in Europe (Flemming Scheutz, personal communication, 2005).
Hazard characterization Escherichia coli is a Gram-negative, facultative anaerobic bacterium.
Most of E. coli serotypes are non-pathogenic and an essential part of the normal intestinal flora in
humans and animals. However, certain pathotypes are known to cause gastrointestinal symptoms
in humans and is referred to as diarrhoeagenic E. coli (DEC). DEC can be grouped according to
various virulence factors, including toxin production and adhesion genes. Of these groups only
VTEC is considered to be a zoonotic agent and only VTEC is an occasional finding in pigs. 

Many serotypes of VTEC have been identified. VTEC O157:H7 has most commonly been asso-
ciated with disease in man but other VTEC serotypes are known to cause severe human infec-
tion. Infection by VTEC causes a spectrum of symptoms in humans: from uncomplicated diar-
rhoea to haemorrhagic colitis (HC) and haemolytic uraemic syndrome (HUS) an even death.
Exposure assessment The main sources of human exposure have been contaminated bovine
products such as ground beef, alfalfa sprouts, and raw or improperly pasteurized milk and cheese.
Also beef, sausages (beef and pork) and apple cider have been associated with human cases
(Cassin et al. 1998). Additional sources of exposure have been cross-contamination of ready-to-eat
foods from raw foods or contaminated utensils and by contamination of milk after pasteurization
(Anon., 2004a). Infection may also occur following direct contact with infected animals, person-to-
person transmission, swimming in or drinking contaminated water or eating contaminated fruits
and vegetables (Anon., 2004a). Recent studies have indicated that live animal contact (Jensen et
al., 2004) and person-to-person transmission may be more important than previously assumed
(Scheutz et al., 2003).

There have been 2 outbreaks of VTEC in humans in Denmark—both in 2004. One was as-soci-
ated with a farm visit (Jensen et al., 2004) and one was associated with contaminated cow’s milk
(Mølbak, 2005).

VTEC has been reported in cattle and beef from many countries (Anon., 2004a). The occur-
rence of VTEC in Danish cattle has been monitored since 1997 by bacteriological examination of
faecal samples collected at slaughter. In 2003, VTEC O157 was detected in 7.1% of 212 faecal
samples from slaughter calves (Anon., 2004b). 

Examination of meat and meat products in the retail stage is not part of the routine surveil-
lance but none of the few samples that were examined in 2003 were found positive for VTEC
(Anon., 2004b). 

VTEC has also been isolated from pigs (faeces samples or carcasses) in several countries.
Although the prevalence in most studies is relatively low (<5%) there are also reports of very high
prevalences: 74% in Greece (Anon., 2004a), and 69% in Chile (Borie et al., 1997). The prevalence
of VTEC in the Danish pig herd remains unknown. VTEC is not considered to be a zoonotic prob-
lem in Danish pigs and pork and is therefore not subject to surveillance. However, between 1997
and 1998, the Danish Bacon & Meat Council (DBMC) conducted a small-scale screening (non-pub-
lished). In this study, 40 of 473 faecal samples (8.5%) were found positive in PCR, and 10 of 473
samples (2.1%) were culture positive (Flemming Hansen, personal communication, 2005).
However, it is worth noting that all the culture positive samples were negative for the verocyto-
toxin 2 (vtx2), the E. coli attaching and effacing (eae) gene, the plasmid encoded entero-
haemolysin gene ehxA and plasmid marker for enteroaggregative E. coli (CVD432). Lack of these
virulence factors is indicative of low pathogenic VTEC. 

The prevalence of VTEC O157 in Danish pork was examined in 1996. The 32 regional food con-
trol units placed under the Danish Food and Veterinary Administration conducted a screening for
VTEC in minced meat. A total of 2,112 samples of ground beef and pork were ex-amined for pres-
ence of VTEC O157:H7.  The prevalence in ground beef was 0.1% (2/1584), and the prevalence in
pork was 0.4% (2/528) (Anonymous, 1997). It should be noted, that the VTEC positive samples of
minced pork contained traces of bovine serum protein, which indicated spill-over from grinding of
beef. It was concluded that there had likely been cross-contamination of the pork samples with
VTEC from beef  (Anonymous, 1997).

Denmark imports pork and beef from several countries. The majority of the meat products are
imported from Germany, The Netherlands, UK, Sweden and Spain. (Danish Meat and Bacon
Council, 2005). In 2002, VTEC was found in pigs in The Netherlands (1/3), and in pork in Spain
(5/434=1.2%). VTEC was not detected in pigs in Germany (0/50) nor in Sweden (0/2), and it was
not found in pork in The Netherlands (0/89) nor in Ireland (0/494) (Anon. 2004a).
Risk characterization The present study indicated that there is a low risk that human cases of
VTEC could be attributed to Danish pigs and pork. This is based on the prevalence of culture posi-
tive faecal samples in the DBMS study (2.1%) of which all were of the low pathogenic type.
Moreover, there was a low prevalence of culture positive samples of VTEC O157 in Danish pork
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(0.4%) and it was probably the result of cross-contamination from beef.   
The risk assessment drew attention to the fact that additional or better quality data is needed

about the prevalence and virulence patterns of VTEC in pigs and pork, consumption of meat in
children below 5 years of age, and additional risk factors that may be equally or even more impor-
tant than contaminated food. 

Discussion and Conclusions VTEC can be found in Danish cattle and pigs. However, the preva-
lence in Danish pigs seems to be low. The risk assessment is primarily based on the fact that the
prevalence of VTEC in Danish pigs, as determined in the DBMC study (1997-1998), was low. 

The VTEC isolated from pig faeces appear to be low pathogenic. Ethelberg et al. (2004) stud-
ied the virulence factors for VTEC’s associated with HUS in Denmark, as well as the risk factors
for contracting both HC and HUS. HC and HUS are considered to be the most severe complica-
tions of VTEC infection. The determinants associated with the development of HUS were the vtx2
gene, the eae gene and young age. Considering HC, the determinants found were, again, the
presence of the eae gene and the vtx2 genes, although the vtx2 association was much less pro-
nounced. For this reason, we put much weight on the fact that all the VTEC isolates from pigs in
the DBMC study (1997-1998) were found to be low pathogenic, lacking the important virulence
factors vtx2, eae gene, ehxA and CVD432. 

VTEC is occasionally found in Danish beef and has been found once in Danish pork suspected
to be cross-contaminated from ground beef (Anon., 1997). None of the Danish outbreaks were
related to pigs or pork. 

Apart from the known sources of exposure, infection may also occur following live ruminant
animal contact (Jensen et al., 2004). Therefore, direct contact between children below 5 years of
age, and cattle and small ruminants should be limited and follow certain restrictions and guidelines.

It is essential to provide hygienic food handling, cleaning of utensils such as knives and
grinders and good chilled storage conditions to ensure that other foods do not become contami-
nated (Anon., 2004a).

We acknowledge the fact that more data is required to develop a quantitative risk assess-
ment model to estimate the risk to humans from VTEC in pigs and pork. 
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Abstract The prevalence and diversity of Campylobacter in 24 pig herds with and without cattle or
poultry was investigated. Feces was collected on each farm from 20 pigs and, if present, 20 cattle
or poultry, and examined for Campylobacter spp, including speciation, serotyping and PFGE. C.
jejuni was found in pigs in 8% of herds, but only in <1% of pigs, while C. coli was isolated from
92% of pigs. In contrast, C. jejuni was very prevalent in cattle (43%) and poultry (32%) in mixed
herds. Matching serotypes of C. jejuni were not found in pigs and cattle or pigs and poultry, but
PFGE typing confirmed that two C. coli serotypes were indistinguishable between pigs and cattle.
The results show that there is no substantial transmission of C. jejuni from cattle or poultry to
pigs in mixed production herds.

Introduction Campylobacteriosis is a zoonosis of increasing importance in industrialized countries.
In Denmark, Campylobacter is the most common cause of zoonotic human enteritis with an inci-
dence of 66 per 100,000 inhabitants in 2003 (Anonymous, 2004). The majority (90%) of Danish
human cases are caused by Campylobacter jejuni, whereas 5% are diagnosed as C. coli. Poultry
and cattle are considered to be the main reservoir for C. jejuni, whereas C. coli is predominantly
found in pigs. C. jejuni may also be isolated from pigs, but usually at a much lower prevalence.

However, recent reports have stated that C. jejuni prevalences may be as high as 30-50% in
pigs and pork (Finlay et al, 1986; Harvey et al, 1999), suggesting that pigs may act as a significant
reservoir for C. jejuni. This observation prompted investigations in Denmark of Campylobacter
prevalence in pigs. The underlying hypothesis for these studies was, that if C. jejuni was present
in pigs, this could be due to transmission from cattle or poultry. The overall objective of the stud-
ies was to compare the prevalence and diversity of Campylobacter infections in pigs from farms
raising only pigs, and pigs originating from farms also producing cattle or poultry.

The first stage of the study was carried out as an abattoir survey comparing C. jejuni preva-
lence in finisher pigs from farms with and without cattle or poultry. This showed an overall C. jeju-
ni herd prevalence of 8.5% but no significant differences between herd types (Boes et al, 2005).
In the second stage of the study, which is reported here, follow-up investigations were carried out
in selected herds and this time pigs, cattle and poultry, if present, were included, to study possi-
ble transmission between animal species within farms.

Materials and Methods From the Campylobacter abattoir screening (Boes et al, 2005), 24 pig
producing herds were selected: 12 herds in which both C. jejuni and C. coli had been detected in
finisher pigs, and 12 herds from which only C. coli had been isolated. Of these 24 pig herds, 8
herds also produced cattle and 4 also produced poultry. Each herd was visited once and fecal
samples were collected from 20 pigs and, if present, 20 cattle or 20 hens/broilers. 

Fecal samples were stored at ambient temperatures and sent to the Danish Institute for Food
and Veterinary Research in Copenhagen for cultivation, species identification and serotyping.
Campylobacter was cultured from feces according standard procedures using CCDA plating and
isolation on blood agar. Species identification was done using hippurate hydrolysis and serotyping
was carried out using the Penner scheme. In addition, if matching serotypes were found in pigs
and cattle/poultry within the same farm, a number of isolates were typed using pulse-field gel
electrophoresis (PFGE).

Results The overall prevalence of C. coli and C. jejuni in pigs was 92.0% and 0.8%, respectively.
Herd prevalence of C. jejuni was 8.3%. No significant differences in C. jejuni or C. coli prevalence
in pigs were found between herds with and without previous detection of C. jejuni in pigs at the
abattoir. The prevalences of C. jejuni and C. coli in pigs, cattle and poultry in the 24 herds are
shown in Table 1. The results clearly show that, in mixed production herds, C. jejuni predominates
in cattle and poultry, while C. coli predominates in pigs.
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Serotyping of 16 C. jejuni isolates from pigs revealed four serotypes: 4-complex, 11, 23,36, and
35. In comparison, a much higher number of C. jejuni isolates could be typed from cattle (51 iso-
lates comprising 8 serotypes) and poultry (20 isolates comprising 7 serotypes). The distribution of
C. jejuni serotypes in pigs, cattle and poultry is shown in Figure 1. As can be seen from Figure 1,
all serotypes found in pigs were also found in cattle. However, matching serotypes within the
same herd were not detected. Matching C. jejuni serotypes were not detected in pigs and poultry.

Few different C. coli serotypes were found in cattle and poultry, whereas 30 different C. coli
serotypes were found in pigs. All C. coli serotypes found in cattle and poultry were also isolated
from pigs. Among these, serotype 5 and 46 were found in pigs and poultry within one farm.
Likewise, serotypes 24, 25 and 48 were found in pigs and cattle within the same herds.

PFGE analysis of matching serotypes as well as additional serotypes from herds producing
only pigs revealed a high degree of diversity: a total of 15 C. jejuni and 55 C.coli isolates were
typed, resulting in 49 different PFGE profiles. The largest diversity was seen in isolates originating
from herds producing only pigs. PFGE typing confirmed that 2 C. coli serotypes were indistin-
guishable between pigs and cattle: serotype 24 in one herd and serotype 48 in another herd.

Discussion In accordance with our previous study (Boes et al, 2005) we found a high prevalence
of Campylobacter in Danish pigs. From the majority of pigs examined, only C. coli was isolated.
The prevalence of C. jejuni in pigs (0.8%) was even lower than that in the first survey (2.3%;
Boes et al, 2005), but herd prevalence was comparable (8.3 vs. 8.5%). These results suggest that,
in Denmark, prevalence of C. jejuni in pigs is low and therefore of minor importance. This is in
accordance with reports from other European countries (Cabrita et al, 1992; Anonymous, 2001;
Pezotti et al, 2003). Possible explanations for the fact that other studies have found very high
prevalences of C. jejuni in pigs (Finlay et al, 1986; Harvey et al, 1999) could be differences in cul-
ture media (favoring one of the species) or different interpretation of the hippurate test.

Our herd study furthermore showed that there is no substantial transmission of C. jejuni from
cattle or poultry to pigs in mixed production herds. The prevalence of C. jejuni was generally high
in cattle and poultry, whereas C. jejuni was only detected in a few pigs on two farms, and these
were not matching with cattle or poultry isolates as shown by PFGE.

On the other hand, our results suggest that the very high prevalence of C. coli in pigs may
lead to transmission of C. coli to cattle or poultry present in the same herd. Previous Danish stud-
ies have revealed absence or low levels of C. coli in cattle (Nielsen et al, 1997). The average level
of 6% C. coli in cattle in mixed herds found in our study suggests that pig to cattle transmission
cannot be ruled out.

Finally, no apparent association was found between prior C. jejuni detection at the abattoir and
subsequent C. jejuni findings in the herd in pigs or in cattle/poultry. Again this suggests that find-
ing C. jejuni in finisher pigs at slaughter is not directly related to the presence of cattle or poultry
in their herds of origin.

Conclusions
< The prevalence of C. jejuni in Danish pigs and pig herds is generally low
< The prevalence of C. jejuni in pigs does not differ significantly between herds with mixed 

production and herds producing only pigs
< There is no substantial transmission of C. jejuni from cattle or poultry to pigs in mixed 

production herds
< Transmission of C. coli from pigs to cattle or poultry in mixed production herds cannot be 

ruled out

Herd type Species # examined % C. coli positive % C. jejuni positive

Pigs + cattle
Pigs 160 88.8 1.3

Cattle 117 6.8 42.7

Pigs + poultry
Pigs 80 93.8 2.5

Poultry 79 3.8 31.6

Pigs Pigs 240 94.6 0
Table 1. Percent Campylobacter positive animals in herds producing pigs
and cattle (8 herds), pigs and poultry (4 herds), or pigs only (12 herds).
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Figure 1. Distribution of C. jejuni serotypes found in fecal samples from pigs
(black bars), cattle (open bars), and poultry (grey bars) in mixed production herds.
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Abstract Campylobacter excretion and diversity was investigated in three cohorts of 20 pigs from
three different pig herds, respectively. Feces were collected from all pigs in the herd and after
transport during lairage. Carcass swab samples were collected from all pigs pre- and post-chilling.
All pigs (n=60) excreted Campylobacter in the herd and in the lairage. The typical excretion levels
were between log 4/g and log 5.5/g feces. Pre-chilling more than 90% of carcasses were positive
for Campylobacter. Post-chilling Campylobacter was isolated from only 17.5% of carcasses.
Excretion levels of Campylobacter did not increase during transport and lairage. Twenty C. coli
serotypes and three C. jejuni serotypes were identified. Indistinguishable C. jejuni serotype 2 iso-
lates were detected in pigs from one farm at all sampling occasions, indicative of carcass contam-
ination. C. jejuni was isolated more often post-chilling, relative to C. coli.

Introduction Campylobacter is the most common cause of zoonotic human enteritis in Denmark
with an incidence of 66 per 100,000 inhabitants in 2003 (Anonymous, 2004). The majority (90%)
of human cases is caused by C. jejuni, and is attributed mainly to poultry. Of the remaining cases,
5% are diagnosed as C. coli and these are assumed to originate mainly from pork. Many studies
have shown C. coli prevalences of >90% in pigs, including Denmark (Nielsen et al, 1997; Boes et
al, 2005). However, pigs are not entirely free of C. jejuni, which can be isolated from pig feces
(Boes et al, 2005) and pig carcasses (Dalsgaard et al, 1999).

Because most pigs are infected with Campylobacter and may excrete high numbers of bacte-
ria in their feces, there is a risk of carcass contamination during the slaughter process. However,
the number of viable Campylobacter bacteria on the carcass surface is reduced significantly when
exposed to low temperatures and desiccation during the chilling process. On the other hand,
transport and lairage of finisher pigs may stress the animals to such an extent that they excrete
increased levels of Campylobacter in their feces at time of slaughter.

To generate data for a quantitative risk assessment for Campylobacter, to be performed by the
Danish Institute for Food and Veterinary Research, a cohort study was carried out. The first objec-
tive was to investigate if Campylobacter excretion levels in finisher pigs ready for slaughter,
changes during transport and lairage. Secondly, a possible effect on Campylobacter contamination
on pig carcasses was investigated. Thirdly, the diversity of Campylobacter isolates detected in
feces and on carcasses was assessed.

Materials and Methods Three herds producing finisher pigs were selected for the study. In two
of these herds, both C. jejuni and C. coli had been detected in finishers during a previous study,
whereas in the third herd, only C. coli had been isolated (Boes et al, 2005). In each herd, a cohort
of 20 pigs ready for shipping was selected and marked.

Each cohort of pigs was sampled on four occasions: 
1) individual fecal samples from all pigs in the herd on the day before shipping; 
2) individual fecal samples from all pigs 1 hour after arrival in the lairage at the slaughterhouse; 
3) individual carcass samples from all pigs after evisceration but before chilling; 
4) individual carcass samples from all pigs 24 hours after chilling. 

Carcass samples were taken by swabbing 1400 cm2 of one side of the carcass with a gauze tam-
pon moistened with peptone buffer. All samples were kept at ambient temperatures and sent to
the laboratory immediately after collection. 
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Feces as well as swab samples were examined for Campylobacter using quantitative meth-
ods, including species identification and serotyping. Subsequently, selected isolates were subject-
ed to pulse-field gel electrophoresis (PFGE) typing.

Results The
Campylobacter
prevalence com-
bined for the three
cohorts at the four
sampling occasions
is shown in Figure 1.
All 60 pigs excreted
Campylobacter in
their feces both in
the herd and in the
lairage. The pre-chill-
ing carcass prevalence of Campylobacter was
also high (90.7%), but after chilling the overall
prevalence had decreased to 17.5%.

The quantitative level of Campylobacter bacteria on pig carcasses both pre- and post-chilling
was very low, making enumeration difficult. Therefore, quantitative Campylobacter estimates
were only obtained for both fecal sampling occasions. Campylobacter excretion was almost con-
stant before and after transport to the abattoir. On average, the excretion level decreased from log
5.08/g feces on-farm to log 4.90/g feces at the abattoir. This decrease was non-significant.

The relative distribution of Campylobacter species recovered from feces and carcasses is
shown in Table 1. The distribution of C. jejuni and C. coli changed slightly during the slaughter
process. Post chilling, more samples (30%) contained C. jejuni compared to feces and pre-chilling
(20%), and of these the majority were only positive for C. jejuni. 

Serotyping of 180 C. coli isolates revealed a large diversity: 20 different C. coli serotypes were
identified, among which serotypes 5, 11, 24,51, 30,34, 46, 48 and 54 were the most common. In
contrast, serotyping of 49 C. jejuni isolates revealed only three different C. jejuni serotypes: 2,
23,36 and 35. Serotype 23,36 was detected in pigs from all three farms, whereas serotype 2 was
only found in one farm. Only serotype 2 was found on all four sampling occasions. Serotype 35
was found only on carcasses.

PFGE typing showed that serotype 2 isolates from one farm all were indistinguishable.
However, these isolates were not identical to four other serotype 2 isolates found in cattle in the
same herd in a previous study (Boes et al, 2005). Serotype 23,36 isolates found in fecal samples
from pigs from the two remaining farms were indistinguishable within farms, but not identical to
serotype 23.36 isolates found in the previous study.

Discussion In accordance with many other studies including a recent Danish study (Boes et al,
2005), our study showed a very high Campylobacter prevalence in finisher pigs. Furthermore, our
results show that individual pigs may be excreting considerable amounts of Campylobacter bacte-
ria in their feces, typically between log 4 and log 5.5 bacteria/g feces, which poses a risk of car-
cass contamination during slaughter. However, post-chilling Campylobacter prevalence had
decreased considerably, indicating that the chilling process is detrimental for the majority of
Campylobacter bacteria.

Our hypothesis that transport and lairage of finisher pigs are stress factors that may trigger
increased Campylobacter excretion in feces was not confirmed in this study. If anything, excretion
levels seemed to decrease slightly after transport. However, this result is based on relatively few
animals from a small number of farms and should therefore be interpreted with some caution.

Figure 1. Campylobacter prevalence in cohorts of finisher
pigs before and after transport and slaughter.
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Species Feces (herd) Feces (lairage) Carcass (pre) Carcass (post)

C. coli 80.0 84.3 78.7 70.0

C. coli + C. jejuni 16.7 15.7 12.8 10.0

C. jejuni 3.3 0 8.5 20.0

Possible changes in excretion patterns could be masked by variation over time or differences in
detection due to variable transport time to the laboratory.

The relative distribution of Campylobacter species during transport and slaughter was relative-
ly constant, although post-chilling slightly more C. jejuni was isolated. Interestingly, post-chilling
samples more often contained C. jejuni only, which may suggest that C. jejuni perhaps is more
resistant to chilling compared to C. coli. However, further research is needed to clarify this. 

In concordance with a previous Danish study (Boes et al, 2005) we found a large diversity
among Campylobacter isolates, with especially C. coli showing many different serotypes. The
large majority of serotypes, including those of C. jejuni, were serotypes commonly found in pigs
in Denmark (Nielsen et al, 1997). PFGE analysis of C. jejuni isolates showed that specific
serotypes could be isolated from the same pigs throughout the slaughter process, indicative of
contamination of the carcass. However, isolation of other C. jejuni serotypes from carcasses but
not from feces suggests that cross-contamination from other pigs on the same slaughter line can-
not be ruled out.

Conclusions
< All pigs excrete Campylobacter in their feces
< Individual excretion levels vary between log 4/g and log 5.5/g feces
< Transport and lairage did not increase Campylobacter excretion of pigs
< C. jejuni may be more resistant to chilling than C. coli
< Campylobacter in feces can cause contamination of the carcass or cross-contamination of 

other carcasses on the slaughter line 
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Abstract A cross-sectional study was conducted to determine the prevalence, antimicrobial
resistance profile and genotypic diversity of Campylobacter in swine herds. Over all,
Campylobacter coli were the only species isolated from the study with a prevalence of 55.8% and
27.9% at farm and slaughter respectively. C. coli prevalence between the two ABF systems was
not significantly different at farm (P=0.83). Highest frequency of resistance was seen against
tetracycline (48.3%) and erythromycin (40.6%). We detected significantly higher proportion of
C.coli isolates from the intensive system resistant to the above two antimicrobials at the finishing
farms (P<0.001). Resistance against the fluoroquinolone ciprofloxacin was detected in isolates
from farm and in both types of ABF herds (n=3). We observed 11 different multi drug resistant
(MDR) patterns in 25 isolates (4.6%) with Ery Nal Tet (2.9%) being the predominant one. PFGE
analysis revealed C. coli to be genotypically diverse with clustering of isolates from both the pro-
duction systems together in different groups. The study highlighted the common occurrence of
antimicrobial resistance in ABF herds irrespective of whether the herds were managed in exten-
sive or intensive units.

Introduction Campylobacter is an important foodborne pathogen and is responsible for causing
2.4 million illnesses and 150 deaths in the United States every year (Mead et al., 1999). Although
the majority of the infections in humans are attributed to Campylobacter jejuni, the importance of
C. coli is being recognized due to it ability to show increased resistance to more number of
antimicrobials (Tam et al., 2003). Pigs and their environment at farm and slaughter have been
shown to be suitable for C. coli with many studies reporting them as the primary reservoirs of
this pathogen (Harvey et al., 1999). Several studies on pigs reared in the conventional system of
production where antimicrobials are used regularly for therapeutic and growth promotion purpos-
es have reported the prevalence of antimicrobial resistant strains of C. coli (Payot et al., 2004;
Looveren et al., 2004). No study has been done in case of pigs reared in ABF system where no
antimicrobials are used for any of the above purposes. The primary objectives of the study, there-
fore, were to determine the prevalence, antimicrobial susceptibility and genetic diversity or simi-
larity of Campylobacter isolates from the two ABF production systems, namely the extensive
(outdoor) and the intensive (indoor) system at production (on-farm) and processing (at slaughter)
and understand their phenotypic and genotypic diversity.

Materials and Methods Swine fecal and carcass swabs were collected from 10 groups of pigs
(five each from intensive and extensive ABF farms) at the farm and the slaughter plant.
Campylobacter isolation from the fecal sample was done by directly plated loopful of the sample
onto campy-cefex selective plates and incubated under microaerobic conditions (CO2: 10%, O2:
5% and N2: 85%) at 42°C for 48 hours. For isolation of the pathogen from the carcass swabs, the
swabs were first soaked in 30 ml of Bolton broth (Oxoid, Hampshire, UK) and incubated under
microaerobic conditions for 48 hours. After two days of incubation, approximately 10 µl of the
enriched liquid was streaked onto campy-cefex plates and further incubated for 48 hours similar to
the fecal sample processing. Speciation was done by PCR targeting ceuE and hipO genes for C.
coli and C. jejuni respectively. The isolates were tested for their resistance profile using the agar
dilution method against six antimicrobials. The list of antimicrobial with their abbreviations and
range of concentrations used is: chloramphenicol (Ch; 0.25-128 mg/liter), ciprofloxacin (Cip; 0.008-
4 mg/liter), erythromycin (Ery; 0.06-32 mg/liter), gentamicin (Gen; 0.06-32 mg/liter), nalidixic acid
(Nal; 0.25-128 mg/liter) and tetracycline (Tet; 0.06-32 mg/liter). Genotyping of 55 representative
isolates from farm and slaughter was done by PFGE.
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Results Overall, Campylobacter prevalence at the farm and slaughter level was 55.8% and 27.9%
respectively. All the 542 Campylobacter isolates in this study including 372 from farm and 170
from slaughter were C. coli. There was no significant difference in C. coli prevalence at the farm
level for the extensive (55%) and intensive (56.3%) rearing systems as shown in (Figure 1,
P=0.83). In both the ABF systems, there was increase in C. coli prevalence at post-evisceration
followed by a significant decrease at the post-chill stage (P<0.002). We observed significantly
higher proportion of C. coli at the pre-evisceration stage of processing extensive reared ABF pigs
(P<0.001). Within individual system, we did not observe any difference in prevalence at the post-
chill stage between the USDA method and the single swipe method of carcass swabbing (Figure
1). However, on comparing the two ABF systems at the post-chill stage, we observed C. coli only
from the carcasses of extensively reared ABF pigs.

We detected resistance to all the six antimicrobials tested. Overall, isolates exhibited highest
frequency of resistance against tetracycline (48.3%) and erythromycin (40.6%) (Table1). A total of
195 isolates (36%) were pansusceptible. On comparing the resistance profile of isolates from the
extensive and intensive ABF systems, we detected significantly higher proportion of C.coli iso-
lates from the intensive system resistant to the above two antimicrobials at the finishing farms
(P<0.001). Higher proportions of C. coli isolates from the ABF system at the post-evisceration
step were resistant to tetracycline and erythromycin than at the pre-evisceration step (P<0.05).
Resistance against the fluoroquinolone ciprofloxacin was detected in isolates from on-farm speci-
mens and in both types of ABF herds (n=3). Gentamicin and chloramphenicol resistant isolates
were rare and observed in 0.1 and 1.8% of the total isolates. A total of 15 different resistance pat-
terns were observed exhibited by with resistance being shown to either single antimicrobial or to
a combination of them. On comparing the two systems, significantly higher proportion of isolates
from extensive were found to be pansusceptible than those from the intensive farms (P<0.001).
The most common resistance pattern observed in this study was resistance to erythromycin and
tetracycline, Ery Tet. This pattern was significantly higher exhibited in C. coli isolates from the
intensive system both at farm and slaughter (P<0.001). We observed 11 different multi drug
resistant (MDR) patterns in 25 (4.6%) of the isolates with Ery Nal Tet (2.9%) being the predomi-
nant one. Except for one isolate with Ch Ery Nal Tet and another with Ch Ery Gen resistance pat-
tern isolated at the post-evisceration step, none of the isolates at the slaughter level were MDR.

C. coli isolates (55) representing both the production types and all the stages of production at
farm and slaughter were genotyped by PFGE to determine the diversity or clonality of the isolates
at the farm and slaughter levels. Using 70% genetic similarity cut off level as an arbitrary index of
similarity among the isolates, we observed a total of 8 groups. Overall, clonal type 4 and clonal
type 7 were the major groups encompassing 31 out of the 55 C. coli isolates. Clonal type 4 was
the largest group with 17 isolates followed by type 7 with 14 isolates. Clonal types 6 and 8 were
composed of isolates from the Intensive farms only. For the remaining, isolates from the two ABF
systems both from the farm and slaughter were grouped together in different clusters. 

Discussion High prevalence of C. coli in pigs at the finishing farms seen in this study is similar to
reported in many studies with prevalence ranging from 50.4% to 94% (Payot et al., 2004,
Looveren et al., 2004). All the Campylobacter isolates in this study were C. coli. C.coli has been
known to be mostly prevalent in pigs with a prevalence ranging up to 100% (Saenz et al., 2000).
Similar study comparing two ABF systems have been conducted in poultry where Campylobacter
prevalence was compared between the organic outdoor and the conventional poultry flocks. The
authors in this study reported a prevalence of 91% and 4.5% in the outdoor reared organic poul-
try flock and 86.2% and 10.3% for the conventional flock for C. jejuni and C. coli, respectively
(Heuer et al., 2001). Increase in the prevalence in ABF pigs could be attributed to various manage-
ment conditions. High prevalence in extensively reared nursery pigs could be attributed to hori-
zontal transmission via the open environment where the pigs have unrestricted access to various
environmental risk factors. C. coli have shown to be present in the environment in both soil and
water (Leatherbarrow et al., 2004). It is possible that these pigs had high prevalence of C. coli due
to access to water in the open.

Higher prevalence at the post-evisceration than the pre-evisceration step of the slaughter plant
could be a result of various manipulations including evisceration etc. that can contribute to cross
contamination of the carcass. Between the two ABF type systems, C. coli could be isolated at
the post-chill stage only from the carcasses belonging to the extensively reared system. This



188
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

could be due to the slaughter house effect with the extensively reared ABF pigs being slaugh-
tered in the plant that employs the 24 hour freezing method as opposed to the blast-chilling sys-
tem practiced in the plant that slaughtered the intensively-reared ones. The blast-chiller system
chills the carcasses at -35°C temperature for two hours before it is kept in a regular chiller unit.
Campylobacter has been shown to be highly susceptible to oxygen, cold and drying conditions
(Korsak et al., 1998). 

Even though neither tetracycline nor macrolides were used as growth promotants in any of
the ABF herds, significant number of isolates from slaughterhouse, including post-chill samples,
showed resistance against tetracycline and erythromycin. This may be attributed to in-plant cross
contamination of Campylobacter between different pig herds. This is especially likely since none
of the slaughter houses where the samples were collected were dedicated for ABF herds. Thus,
the likelihood of cross contamination at lairage and processing could be high. Ciprofloxacin resist-
ant observed here is important since fluoroquinolones are not licensed for use even in the con-
ventional pig production system. Similarly, resistance seen against chloramphenicol (1.8%) is strik-
ing since this antimicrobial has not been used in any system of pig production in the US for the
last two decades. This highlights the possible role played by environmental factors like soil and
water in the spread of these resistant strains. Ery Tet was the most common resistance pattern
since the isolates were resistant to these two antimicrobials more than any other in this study.
Ery Nal Tet resistance pattern was also reported by to be the most common MDR pattern in
another study (Payot et al., 2004). 

Analysis of the PFGE dendrogram revealed C. coli to be genetically diverse with clustering of
isolates from both the production systems together in different groups. Isolates from the farm
and slaughter were clustered together in different groups and we could not detect any correlation
between the banding pattern, the resistance pattern and the source of the isolates (feces or car-
cass). Our results are corroborated by previous studies that indicate the existence of multiple
Campylobacter genotypes in pigs housed together (Weijtens et al., 1999). The presence of differ-
ent banding patterns in isolates sampled from the same farm on the same day highlighted the
high level of genetic diversity among the C. coli isolates. We conclude that C. coli present in
swine farms consists of genetically diverse clones.

Conclusions This study highlights the prevalence of antimicrobial resistant C. coli from both the
extensive and the intensive type ABF production system at farm and slaughter. High prevalence
of C. coli observed at the farm level provides a strong potential for introduction of the pathogen at
slaughter. The presence of antimicrobial resistant C. coli at the farm and slaughter is concerning
and points to other sources for acquiring these strains in the absence of antimicrobial use. This is
the first report of isolation of fluoroquinolone resistant C. coli from pigs in the United States and
among ABF pigs.

Figure 1. C.coli prevalence at the farm and slaughter level in the two ABF production systems.
Abbreviations on the X-axis: F-Ext (Extensive Finishing, n=118); F-Int (Intensive Finishing, n=174); PRE-Ext
(Extensive Pre-Evisceration, n=38); PRE-Int (Intensive Pre-Evisceration, n=40); POST-Ext (Extensive Post-
Evisceration, n=48); POST-Int (Intensive Post-Evisceration, n=40); CUS-Ext (Extensive Post-Chill USDA, n=48); CUS-
Int (Intensive Post-Chill USDA, n=40); C-Ext (Extensive Post-Chill Single Swipe, n=48) and C-Int (Intensive Post-Chill
Single Swipe, n=39). *Bars sharing common superscripts were significantly different at P < 0.05 (chi-square test)
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Number of isolates resistant to antimicrobials (Percent)*

Production
Stage

ABFa

Production
System

Type

Isolates
Tested

Chloram-
phenicol

Cipro-
floxacin

Erythromycin Gentamicin
Nalidixic

Acid
Tetracycline

Farm

Finishing Extensive 164 1 (0.6) 2 (1.2) 31 (18.9)2,5 - 5 (3) 62 (37.8)1,7

Intensive 208 7 (3.4) 1 (0.5) 122 (58.7)3,5 - 27 (13) 122 (58.7)a,7

Slaughter

Pre-
Evisceration

Extensive 48 - - 11 (22.9)8 - - 15 (31.3)b

Intensive 6 - - 2 (33.3) - - 3 (50)

Post-
Evisceration

Extensive 55 1 (1.8) - 23 (41.8)8 1 (1.8) - 16 (29)b

Intensive 43 1 (2.3) - 28 (65) - 1 (2.3) 40 (93)

Post-Chill
(USDA)

Extensive 12 - - 3 (25) - - 3 (25)

Intensive - - - - - - -

Post-Chill
Extensive 6 - - - - - 1 (16.7)

Intensive - - - - - - -

Total
Isolates

542 10 (1.8) 3 (0.5) 220 (40.6) 1 (0.2) 58 (6.1) 262 (48.3)

Table 1. Comparison of antimicrobial resistance frequency among the C.coli isolates from Intensive and
Extensive reared ABF pigs at different stages of production.   ABFa: Antimicrobial Free Farms    
*Isolates with percentage in the brackets. For each antimicrobial, figures sharing common alphabet
superscripts were not significantly different (P > 0.05) while figures sharing common digits in the super-
scripts were significantly different at P < 0.05 (chi-square test)
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COMPARATIVE GENOTYPING OF CAMPYLOBACTER
COLI USING MULTILOCUS SEQUENCE TYPING AND
PULSED FIELD GEL ELECTROPHORESIS

Siddhartha Thakur* and Wondwossen A. Gebreyes
North Carolina State University, College of Veterinary Medicine, Dept of Population Health and Pathobiology, 4700
Hillsborough ST., Raleigh, NC 27606, USA, Ph: 01-919-513-8291, E-mail: wagebrey@ncsu.edu

Abstract A total of 100 Campylobacter coli isolates from swine reared in conventional and antimi-
crobial free (ABF) farms were genotyped using multilocus sequence typing (MLST) and pulsed
field gel electrophoresis (PFGE) to evaluate their discriminatory power, throughput and index of
association to determine the genotypic similarity and clonal structure of the isolates. MLST had a
higher discriminatory power of 0.936 than 0.889 for PFGE and higher throughput. Isolates were
clustered into 26 groups by MLST compared to 11 by PFGE. Out of the 65 sequence types (ST)
observed in the whole population, 50 STs here have reported for the first time. Majority of the
STs were found specific to either the farm (n=38) or the slaughter (n=22). We observed ST-1413
associated only with isolates from the ABF system exhibiting the CIP ERY NAL TET resistance
pattern. The high genetic diversity and the weak clonal structure of the C. coli population among
swine as observed by using these two methods was further highlighted by the index of associa-
tion (IA value) of 0.293. 

Introduction Foodborne pathogens result in approximately 76 million illnesses in the US every
year1. Campylobacter is the most common bacterial etiological agent causing gastroenteritis
annually in 2.5 million patients in the US (Mead et al., 1999). Campylobacter jejuni in humans is
considered to be the most important Campylobacter species causing 95% of the foodborne infec-
tion cases. Poultry has been recognized as the primary reservoir of C. jejuni while pigs are mostly
implicated as reservoirs of C. coli (Harvey et al., 1999). It is important to use typing methods that
have high discriminatory power to identify and differentiate sources of this pathogen in animals.
MLST is a method that is based on indexing the genetic variation seen in housekeeping genes
(Dingle et al., 2001) and has recently been standardized for C. coli (Dingle et al., 2005). PFGE is
another genotyping method that has been used over the years for investigating C. jejuni out-
breaks and genotyping C. coli (Sails et al., 2003). Although this method is highly discriminatory,
interlaboratory comparisons are little difficult due to complex protocols and accessibility to equip-
ment and software for analyzing the patterns. No study has been done comparing the diversity of
C. coli in swine at farm and slaughter using both MLST and PFGE. The utility of MLST and PFGE
methods as tools for understanding the epidemiology of this pathogen in the swine environment
is important to determine. Therefore, in this study, we used these two methods for genotyping
100 phenotypically diverse C. coli isolated from swine and compare their discriminatory power,
throughput and group associations. 

Materials and Methods A total of 100 strains were randomly selected from 1472 C. coli isolates
that were isolated as a part of a cross-sectional study conducted on swine farms and slaughter
plants (JFP Submitted).The selected strains were from the conventional and ABF production sys-
tems representative of the processing stages at farm and slaughter and the resistance patterns
observed during the entire study. Antimicrobial susceptibility testing was done using agar dilution
method. MLST of the seven housekeeping genes (aspA, glnA, gltA, glyA, pgm, tkt and uncA) for
C. coli was done following the previously described method (Dingle et al., 2005). The allele profile
for individual C. coli isolates was deposited on the MLST website (www.mlst.net) and appropriate
sequence type (ST) was assigned from the Campylobacter database. PFGE was done following
the rapid protocol for Campylobacter (Ribot et al., 2001). Analysis of PFGE data was performed
using Bionumerics software (Applied Maths, Kortrijik, Belgium). Simpson’s index of diversity was
used to compare the discriminatory power of the two genotyping systems used in this study
(Gaston). The index of association (IA ) using the START program was used to calculate to assess
the clonal structure of the population (Smith et al., 1993). 

Results Assignment of the allele frequencies and STs was done using the Campylobacter MLST
database (www.campylobacter.mlst.net). A total of 65 STs were generated from sequence typing
of 100 C. coli isolates with 47 STs occurring singly and ST 1413 being the most common seen in
7 isolates from the carcass of ABF pigs. Fifty new STs were assigned for the first time after sub-
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mitting the information to the mlst database with 24 STs originating from the ABF isolates. Within
individual production systems, we observed STs that were found specific to the processing
stages either at the farm or slaughter (Table 1). The three most predominant STs occurring in the
database included ST-1413 (7 isolates), ST-854 (6 isolates) and ST-1123 (5 isolates) representing
18% of the isolates. Multiple STs were generated with the majority of the STs specific either to
the farm or the slaughter stage. Thirty-eight out of the 65 STs were found to be specific to the
farm and another 22 were found only at the slaughter stage. Based on the MLST dendrogram
generated, we observed a total of 26 clusters with cluster 9 being the largest (n=18) (Table 2).
Clusters 2, 5, 6, 19 and 21 comprised of isolates from the farm while clusters 7, 8 and 24 includ-
ed slaughter isolates only. The IA for the whole population was 0.293 indicating a weak clonal
structure. However, the IA values for the ABF and the conventional population was 0.279 and
0.535 respectively indicating a slightly more clonal structure of C. coli isolated from the conven-
tional system. MLST method had a discriminatory index of 0.936. 

For the PFGE analysis, the SmaI digested genome of C. coli resulted in the generation of an
average 6-10 bands. Using 70% similarity as the cut off, a total of 11 clusters were observed with
cluster 1 (17 isolates), 11 (16 isolates) and 3 (15 isolates) being the major ones comprising 48% of
the total isolates. Three clusters had isolates grouped together based on their resistance pattern.
These included cluster 4 (n=4; TET), cluster 6 (n=3, TET) and cluster 10 (n=6, CIP ERY NAL TET).
Isolates from cluster 6 and 10 were epidemiologically related being isolated from the same
slaughter and farm trips. However, the overall population exhibited considerable genotypic diversi-
ty. The PFGE method had a discriminatory index of 0.889. Overall, MLST was able to discriminate
better between the C. coli isolates from the conventional and the ABF system.

Discussion There are a numerous studies that have reported the weak clonal population structure
and the hypervariable genome of Campylobacter (Dingle et al., 2001; Wassenaar et al., 2000). This
makes the choice of using a genotyping method for determining the source of an outbreak or
comparing isolates from different sources more complex and difficult to interpret. Our results
were consistent with other studies where both these methods have been shown to differentiate
between closely related strains of Campylobacter (Sails et al., 2003). The distribution of specific
STs among the isolates at different stages of production and with particular resistance patterns
indicated that certain STs were adapted to specific stage or production. Similar results have been
reported by other studies where specific clones of C. jejuni have been found associated with par-
ticular niches (Colles, 2003). 

The results observed in our study can be attributed to the different management conditions of
these two systems or rearing pigs in North Carolina. The modern pig production system in this area
uses a pyramid system where pigs from same breeding unit are moved into distinct farrowing
units. This closed pyramid system may help control dissemination of infectious agents across pro-
duction systems and also contain persistent strains within a production system. However, specific
STs observed within a production system were detected at different levels depending on the pro-
duction phase. Isolates from the farm and slaughter were clustered together in different groups
and we could not detect any correlation between the banding pattern, the resistance pattern and
the source of the isolates (feces or carcass). Our results are corroborated by previous studies that
indicate the existence of multiple Campylobacter genotypes in pigs housed together (Hume,
2002). The possible reason for this genetic variability is the hypervariable genome of this pathogen
which results due to the spontaneous intramolecular genomic recombinations (On, 1998;
Wassenaar, 2000). We observed clusters with isolates that were not related either temporally or
spatially indicating significant genetic diversity or presence of multiple reservoirs of this pathogen. 

We found MLST to have a better discriminatory power and throughput than PFGE. MLST was
able to further discriminate between the clusters defined by PFGE. For example, two groups of
isolates representing the nursery, finishing and slaughter plant levels for the same farm, that is,
related temporally and spatially and placed in the same cluster by PFGE, were further discriminat-
ed by MLST. Many studies have reported the better discriminatory power of PFGE compared to
MLST when used for typing C. jejuni MLST has been found to be as discriminatory as PFGE for
distinguishing between temporally related isolates and the epidemic causing isolates in different
outbreaks caused by C. jejuni (Sails et al., 2003). The ability of MLST to have the same value for
epidemiological typing as that of PFGE, AFLP and ribotyping has been demonstrated before
(Duim et al., 2003). The overall C. coli population had a weaker clonal structure (IA=0.293) when
compared to the IA value of 0.57 for C. jejuni. We found the C. coli population isolated from the
conventional production system to be slightly more clonal than that of the ABF system based on
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their IA values. This could be attributed to the presence of different lineage of this species circulat-
ing in these production systems. Our results differ from other studies that have reported C. coli to
be less diverse than C. jejuni by using MLST and AFLP (Dingle et al., 2005, Duim et al., 1999).
However, it is possible that these isolates may not be the true representative of the C. coli popu-
lation existing in these systems at farm and slaughter. 

Conclusions This study highlights the high genotypic diversity of antimicrobial resistant C. coli in
the swine population. C. coli isolated from the conventional farms had a slightly stronger clonal
structure than those from the ABF system. We found MLST to have better discriminatory power
and throughput than PFGE. MLST has the potential to be used for studying the molecular epi-
demiology of Campylobacter at national or global level due to the discriminatory power, repro-
ducibility and ease with which data can be exchanged between different laboratories via the inter-
net. PFGE on the other hand gave us good discrimination but not as well as MLST. 
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Production
Type

Processing Stage
#

Strains
# STs

(%Diversity)
# New
STs (%)

# Unique
STs (%)

PFGE Type, (n)

ABF
(N=50)

Nursery 9 8 (89) 4 (50) 4 (50) 1, 3, 4, 5, 10, 11 (6)

Finishing 27 20 (74) 11 (55) 11 (55) 1, 2, 3, 4, 5, 7, 8, 9, 11 (9)

Pre-Evisceration 5 5 (100) 5 (100) 3 (60) 1, 8, 9 (3)

Post-Evisceration 7 6 (86) 3 (50) 3 (50) 1, 5, 8 (3)

Post-Chill 2 2 (100) 1 (50) 1 (50) 8 (1)

Conventional
(N=50)

Nursery 14 8 (57) 7 (88) 6 (75) 1, 5, 8, 9, 10 (5)

Finishing 21 18 (86) 12 (67) 13 (72) 1, 2, 3, 4, 9, 11 (6)

Pre-Evisceration 5 5 (100) 4 (80) 4 (80) 2, 3 (2)

Post-Evisceration 9 9 (100) 2 (22) 7 (78) 3, 6, 8, 9 (4)

Post-Chill 1 1 (100) 1 (100) 1 (100) 2 (1)

Table 1. Total number of C. coli isolates under each production
system including the MLST STs and PFGE groups.
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Figure 1. PFGE dendrogram showing
% similarity between the 100 C. coli
isolates from the ABF system.
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EFFECTS OF NITROETHANE AND 2-NITROPROPANOL
AGAINST CAMPYLOBACTER JEJUNI
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Abstract Campylobacter jejuni is an important foodborne pathogen that colonizes the gut of
swine. In this study, the effects of nitroethane and 2-nitropropanol (0, 10 and 20 mM) on growth
of C. jejuni were tested during culture in Bolton broth adjusted to pH of 5.6, 7.0 or 8.2. Viable cell
counts of samples taken at intervals during incubation revealed main effects (P<0.0001) of
nitroethane or 2-nitropropanol on mean specific growth rates thus demonstrating that these were
inhibitory to C. jejuni. By 48 h of incubation, C. jejuni concentrations had increased by 1.9 log10
CFU/ml or higher in cultures containing no added nitrocompound. In contrast, C. jejuni concentra-
tions had decreased by >1.8 and >5.4 log10 CFU/ml after 48 h incubation with 20 mM nitroethane
or 2-nitropropanol, respectively. A marked effect of pH on the inhibitory activity of both com-
pounds was observed, with greater activity observed at higher pH.

Introduction Approximately 76 million cases of human foodborne disease are estimated to occur
in the United States each year (Mead et al, 1999) at a cost of more than $7 billion annually
(ERS/USDA, 2001). Nearly 2.5 million of these infections were attributed to Campylobacter jejuni
(Mead et al, 2000). Campylobacter species have been reported to be the most common causes
of acute bacterial diarrhea worldwide (Linton et al, 1997; Nachamkin et al, 1998) and are associat-
ed with immune-mediated neuropathies such as Guillain-Barré Syndrome and the Miller Fisher
syndrome (Ang et al, 2001).  Campylobacter species are ubiquitous colonizers of the gastrointesti-
nal tracts of domestic and feral animals (Jones, 2001), with prevalence in swine reported at more
than 80% (Pearce et al, 2003). Consequently, strategies are sought to reduce concentrations of
these bacteria in swine before they arrive for processing, especially since quantitative risk assess-
ments indicate that such interventions may significantly reduce human exposures to the
pathogens (Vugia et al, 2003).

Recent studies have shown that 2-nitropropanol exhibits broad spectrum antimicrobial activity
against Salmonella serovar Typhimurium, Escherichia coli 0157:H7 and Enterococcus faecalis in
vitro (Jung et al, 2004a), against Salmonella Typhimurium in broilers (Jung et al, 2004b) and
against ruminal methane producing activity (Anderson et al, 2003). Likewise, nitroethane has
been reported to reduce gut concentrations of Salmonella and Campylobacter in pigs (Jung et al,
2003). Reductions in animal studies have been inconsistent, however, thus suggesting that cer-
tain conditions may limit the activity of these compounds (unpublished). The present study was
conducted to measure the effects of pH on the bactericidal activity of nitroethane and 2-nitro-
propanol against C. jejuni in vitro.

Materials and Methods Campylobacter jejuni (CC326) was obtained during sampling of a
California dairy (Harvey et al, 2004). Strain 326 was inoculated and grown in 10 ml Bolton Broth
supplemented with 0, 10 or 20 mM nitroethane or 2-nitropropanl and adjusted to pH 5.6, 7.0 or
8.2. Tubes were incubated in triplicate at 42°C under microaerophilic conditions (10% CO2, 5% O2
and 85% N2). Samples collected at 0, 6, 24 and 48 hour times during incubation were serially
diluted, plated to Campy Cephex Agar and incubated similarly to quantify viable colonies. Test for
effects of nitrocompound, pH and nitrocompound x treatment interaction were conducted by gen-
eral analysis of variance (Statistix®8 Analytical Software, Tallahasse, FL) using mean specific
growth rates determined after 24 h incubation.

Results/Discussion Recent laboratory tests with the electro-negative nitrocompounds, 2-nitro-
propanol, 2-nitroethanol or nitroethane had shown inclusion of these compounds into in vitro incu-
bations pig fecal flora markedly enhanced the bactericidal activity of chlorate against Salmonella
Typhimurium (Anderson et al, 2004). The nitrocompounds by themselves exhibited bactericidal
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activity against Salmonella and this activity was more persistent than that of chlorate alone
(Anderson et al, 2004). Whereas chlorate is consumed by nitrate reductase activity (Gennis and
Stewart, 1996), there is no evidence that the nitrocompounds are reduced by nitrate reductase
which may explain why their activity is more persistent than chlorate. In the present study, the
inhibitory activity of nitroethane and 2-nitropropanol on growth C. jejuni during incubation in
Bolton broth is clearly evident (Figures 1 and 2, respectively). In the case of 2-nitropropanol, and
with higher concentrations of nitroethane, the activity appears to be bactericidal as recovery of C.
jejuni on Campy Cephex Agar plates was markedly reduced. We can not rule out, however, the
possibility that the non-recovered cells had been induced into a viable but nonculturable state. 

Results presented here show that 2-nitropropanol was more effective against C. jejuni than
nitroethane at all pH ranges although the activity of both compounds was greater at pH 8.2, pos-
sibly because the nitrocompounds, possessing labile protons next to the nitro group, would be
expected to be more reactive at a higher pH. These findings have practical implications consider-
ing that ileal, cecal and colonic contents of weaned pigs are typically pH 7.0 or less (Harvey et al,
2001; Mathew et al, 1993; Prohászka and Lukács, 1984) although the pH of cecal contents in fast-
ed pigs was more alkaline at pH 7.5 (Harvey et al, 2001). Research is underway with these and
other nitrocompounds to determine if these exhibit inhibitory activity against other foodborne
pathogens and to better understand the limits of their activity.     

Conclusion Results presented here con-
firm the bactericidal activity of nitroethane
and 2-nitroropanol against C. jejuni in vitro.
Although these nitrocompounds have
shown significant inhibitory effect, their
mechanism of action is unknown. Results
from this study demonstrate that nitro-inhi-
bition of C. jejuni growth is pH and concen-
tration dependent.
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Figure 1.  Effect of nitroethane on Campylobacter jejuni dur-
ing growth in Bolton broth adjusted to pH 5.6 (A), 7.0 (B) or
8.2 (C). Values are the mean from 3 replicates, SD were less
than 0.15 log10 CFU/ml unless indicated otherwise. Mean
specific growth rates determined after 24 h are presented.
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Figure 2. Effect of 2-nitropropanol on Campylobacter jejuni
during growth in Bolton broth adjusted to pH 5.6 (A), 7.0 (B) or
8.2 (C). Values are the mean from 3 replicates, SD were less
than 0.15 log10 CFU/ml unless indicated otherwise.  Mean
specific growth rates determined after 24 h are presented.
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CHILLING - EFFECT OF HUMIDITY ON REDUCTION OF
CAMPYLOBACTER ON PORK

Lise Nersting, Hardy Christensen*, Uffe Borup1, Eli V. Olsen
Danish Meat Research Institute, Maglegaardsvej 2, 4000 Roskilde, Denmark, ph: +45-4630-3110, E-mail: hch@danishmeat.dk

Abstract Chilling reduces the number of Campylobacter on pork meat. The humidity during chill-
ing is expected to have an influence on the reduction of Campylobacter. In this study, bellies
taken from carcasses before chilling have been inoculated either with a mixture of C. jejuni iso-
lates or C.coli isolates and chilled with blast chilling or conventional chilling combined with two
levels of relative humidity, >90 % RH and approx. 70% RH. In blast chilling, the surface is frozen
in the first phase of the chilling, and in conventional chilling the surface does not freeze. 

The major reduction in the numbers of Campylobacter was found when the bellies were blast
chilled. Low humidity and resulting drying of the surface had no effect on the reduction of
Campylobacter.

Introduction Blast chilling has been shown to reduce the number of pathogens on pork carcass-
es (Bracewell et al, 1985; Chang et al, 2003; Dalsgaard et al, 1999). Especially with regard to
Campylobacter, it has been suggested that the reduction during chilling is due to sensitiveness to
drying (Bracewell et al, 1985; Oosterom et al, 1983). 

The purpose of the present study was to quantify the effect of freezing and drying on the
reduction of Campylobacter during blast chilling and conventional chilling.

Materials and Methods Bellies were obtained from carcasses at a nearby slaughterhouse before
chilling of the carcasses and were kept in insulated boxes until inoculation and chilling. 

The bellies were inoculated with either a mixture of 3 C. coli isolates or a mixture of 2 C. jeju-
ni isolates. All isolates, except one C. jejuni isolate from a human case, have been isolated from
pork carcasses during previous studies. The total number of Campylobacter after inoculation was
approx. 103 cfu/cm2.

Chilling was conducted in 20-ft containers, rebuilt to make a simulation of commercial chilling
processes possible. To simulate blast chilling, the bellies were chilled for 50-60 min. (depending
on the average weight of the bellies) at –18°C with an air speed of 3 m/sec. and then left to
equalize 21 hours at 5°C with an air speed of 0.5 m/sec. To simulate conventional chilling, the bel-
lies were chilled for 22 hours at 5°C with an air speed of 3 m/sec. Both chilling methods were
conducted  at a Relative Humidity (RH) of 90-100 % and  a RH of 65-75 %. All combinations of
chilling methods and RH were conducted twice with 10 bellies at a time, 5 inoculated with C. coli
and 5 inoculated with C. jejuni.

From each belly, 2 samples were taken from the rind side, and 2 samples were taken from
the meat side before and after chilling. Samples were taken by excising 50 cm2. Numbers of
Campylobacter were obtained by incubating dilutions in Boulton bouillon for 48h at 42°C, streak-
ing 10µl from each dilution onto CCDA and enumerating after 48 h at 42°C.

All counts were log transformed before statistical analysis. The two results from each belly
before and after chilling were treated as a duplicate determination, and a reduction was calculated
for each belly. Statistical analysis was done by analysis of variance (SAS® System, release 8.02).

Results Results are shown in table 1. In general, C. coli is more susceptible to chilling than C.
jejuni independent of the chilling method. Blast chilling in general results in a higher reduction
than conventional chilling. The effect of chilling method is significant for C. jejuni (p=0.03) and the
greatest reduction is obtained by blast chilling. The effect of chilling method is not significant for
C. coli. The reduction on the rind side is systematically higher than on the meat side, but this
effect is not significant. Differences in reduction due to RH were small and insignificant.

Weight loss during blast chilling with high and low RH was 1.7% and 2.9%. Weight loss during
conventional chilling with high and low RH was 2.9% and 4.0%. 

 



198
O

R
A

L
P

R
E

S
E

N
T
A

T
IO

N
S

SafePork 2005

Discussion It is not surprising that blast chilling reduces the number of Campylobacter more than
conventional chilling. Lowering the relative humidity had no effect on the reduction of
Campylobacter. This suggests that it is the freezing of the surface that reduces the number of
Campylobacter more than the drying of the surface.

Conclusion Lowering the relative humidity during conventional or blast chilling does not affect the
reduction of Campylobacter.
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Meat/rind
side (n)

Mean reduction log cfu
RH >90 % RH 65-75 %

C. coli

Conventional
chilling

Meat (10) 1.1 1.0
Rind (10) 1.4 1.3

Blast chilling
Meat (10) 1.2 1.1
Rind (10) 1.5 1.4

C. jejuni

Conventional
chilling

Meat (10) 0.4 0.6
Rind (10) 0.6 0.7

Blast chilling
Meat (10) 0.8 0.9
Rind (10) 0.9 1.1

Table 1: Mean reduction of C. coli and C. jejuni on the meat side and on
the rind side during conventional and blast chilling with 2 levels of RH. 
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ANTIMICROBIAL RESISTANCE MONITORING IN SWISS
PORK PRODUCTION 

Ursula Ledergerber1*, Gertraud Regula1, Roger Stephan2, Jürg Danuser1, Katharina DC Stärk1

1Swiss Federal Veterinary Office, Schwarzenburgstrasse 155, 3003 Bern, Switzerland, Ph: +41-31-3239550, Email:
Ursula.Ledergerber@bvet.admin.ch; 2Institute for Food Safety and Hygiene, Faculty of Veterinary Medicine, University of
Zurich, Switzerland 

Abstract An optimized national resistance monitoring program should deliver a precise estimate
of the resistance situation for a given combination of bacteria and antimicrobial at a low cost. In
order to achieve this, decisions need to be made on the number of  samples to be collected at
each of different possible sampling points along the food production line. Sampling decisions do
not only depend on the prevalence of resistance and sensitivity and specificity of resistance test-
ing, but also on the prevalence of the bacteria, and test characteristics of isolation of these bacte-
ria. Our aim was to develop a stochastic simulation model that optimized a national resistance
monitoring program in pig production, taking multi-stage sampling, imperfect sensitivity and
specificity of diagnostic tests, and cost-effectiveness considerations into account.

Introduction The use of antimicrobial substances in animal production is one potential reason for
the occurrence of resistant bacteria in humans. Thus monitoring the resistance status of various
bacteria in the animal population is important for a timely intervention before resistant strains
spread throughout the animal population. Currently, Switzerland is developing the scientific basis
for the implementation of routine antimicrobial resistance monitoring in food producing animals.
Through research projects and pilot monitoring programs in various animals species, data on the
prevalence of selected bacteria and antimicrobial resistance are collected. Three major sources of
information are available for a comprehensive assessment of the resistance situation (figure 1).
The resistance situation in clinical isolates from diseased animals reflects resistance levels in
problem animals, and provides information on the effectiveness of common veterinary drugs for
the treatment of diseases on swine farms. Therefore, the focus of the resistance monitoring in
this group of animals should be on bacteria pathogenic to animals, as well as on zoonotic bacteria
such as Salmonella and Campylobacter. The resistance situation in bacteria isolates from healthy
animals and food of animal origin, on the other hand, reflects the potential exposure of humans to
resistant bacteria from animals. Finally, data on antimicrobial usage are crucial for establishing epi-
demiological links between treatment regimens in animals and changes in the resistance situation
in animals and humans.

Along the food production chain, various sampling points are conceivable for resistance moni-
toring in healthy animals including sow, weaner pig or finishing pig farms, at slaughter, and at
retail level. The optimal sampling point may differ depending on the targeted bacteria and antimi-
crobial resistance involved. When monitoring resistance of bacteria originating from live animals,
decisions need to be made on the number of farms monitored, the number of animals tested per
farm, the number of samples per animal, and the number of colonies that are submitted to sus-
ceptibility testing from each sample.
Furthermore, decisions on the age of the
tested animals need to be done. Market
weight finishing pigs represent the end of
the live animal production line. Besides
the abattoir and fresh pork, this may be
the best sampling point for estimating
the risk for consumers deriving from
resistant bacteria from food animal origin.
On the other hand, testing sows is of
interest as they remain on the farms for a
longer time period than finishing pigs.
Resistance testing of indicator bacteria
such as E. coli or Enteroccus spp. from

Sows / Weaner pigs / Finishing pigs

Meat at retail

Healthy animals

Diseased animals

Clinical isolates

Usage of antimicrobials

Prescriptions for in-feed medication

Medication by farmer or veterinarian

(Antimicrobial growth
promoters)

Carcasses

Resistance
monitoring

in pork production

 

Figure 1: Elements of a resistance monitoring
program along the pork production chain.
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sows may thus provide a more representative overview on the resistance situation. Finally, as the
majority of pigs receiving antimicrobial treatment are piglets (Arnold et al, 2004) they can be
regarded as a high risk subpopulation and should be included in a resistance monitoring as well.

While a lot of data on the resistance situation in Switzerland are available from different infor-
mation sources, the methodology of data collection has not yet been standardized. Furthermore,
at each of the different sampling points, samples were only collected selectively in one year, and
no longitudinal data are available. In order to establish a continuous monitoring of antimicrobial
resistance, decisions need to be made on the number of samples to collect at each sampling
point, the sampling interval, the bacteria and antimicrobials to be monitored. As resources are lim-
ited, efforts should be made to obtain a maximum explanatory power of the monitoring with mini-
mal cost for sample collection and analysis.

The objective of this project was the development of an optimized antimicrobial resistance
monitoring program in pigs in Switzerland. To achieve this goal, existing information on antimicro-
bial resistance and antimicrobial use in pork production was collected, and data entered into a
stochastic simulation model. Optimization was defined as allocating available resources to differ-
ent sampling points to obtain the maximum precision of the prevalence estimate for resistant
bacteria, given the financial constraints of the program.

Pilot Monitoring of Antimicrobial Resistance Data on the resistance situation of clinical isolates
of pigs in Switzerland were collected by Wissing et al. (2001). Through a collaboration of Swiss
laboratories, antimicrobial resistance data and isolates of important bacterial pathogens from ani-
mals were collected over a period of ten months. The resistance situation for various pathogens
was assessed, and differences between animal species could be shown.

In healthy animals, testing for antimicrobial resistance is performed in sows, weaner pigs, fin-
ishing pigs, at the abattoir, and in pork. The prevalence of antimicrobial resistance in E. coli,
Enterococcus spp., and Campylobacter spp. from sows and weaner pigs is currently assessed in
a research project at the University of Zurich. On 60 pig farms, pooled fecal samples were taken
from the floor of pens with sows and weaner pigs, respectively. Culture was performed using
standard laboratory methods. For resistance testing, disc diffusion and microdilution was per-
formed. 

In a study on the prevalence of the most important bacterial zoonoses in Swiss finishing pigs
and in pork (Ledergerber et al, 2003) fecal samples were collected on 88 farms from the floor of
pens with market weight finishing pigs. Samples were pooled according to Stege et al. (2000)
and cultured for Salmonella spp., Campylobacter spp., and Yersinia enterocolitica. Susceptibility of
isolated campylobacter strains was tested with disc diffusion. Campylobacter spp. were isolated
out of 91.5% of pooled fecal samples from finishing pigs. The percentage of resistant campy-
lobacter strains isolated from finishing pigs is shown in figure 2. Thirty-six (13.4%) out of 263
strains were susceptible for all tested antimicrobials. One hundred sixty-eight (63.9%) strains
were resistant against one or two antimicrobials, whereas 59 (22.4%) strains were resistant
against three or more of the antimicrobials tested. 

On retail level, 865 samples of fresh pork were taken from shops all over Switzerland. Samples
included cutlet, meat cut into strips, and minced meat. Pork samples were cultured for Salmonella
spp., Campylobacter spp., and Yersinia enterocolitica. On retail level, Campylobacter spp. prevalence
was much lower than on the farm. In two (0.2%) out of 865 samples of fresh pork meat campy-
lobacter was isolated. At the abattoir, fecal samples of 100 pigs will be collected in Summer 2005.
Samples will be cultured for E. coli,
Enterococcus spp., and Campylobacter
spp., and resistance testing will be per-
formed with the microdilution method.

Data on antimicrobial use in feed
were collected by Arnold et al. (2004).
Prescription patterns for medicated
feedstuffs for pigs were analyzed over
a period of four years and prescribed
daily doses were derived. The consumption of antimi-
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Figure 2: Percentage of resistant Campylobacter
strains isolated from finishing pigs.
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crobials through medication by farmers and veterinarians will be assessed in a survey among vet-
erinarians. In Switzerland, all antimicrobials except in-feed formulas are marketed by veterinary
practitioners. Use of antimicrobial growth promoters has been illegal in Switzerland since 1999,
and therefore does not need to be considered in the monitoring program.

Development of an Optimized Resistance Monitoring Program The data described above are
used to develop an optimized sampling plan for monitoring resistance. The influence of sampling
more farms compared to sampling more animals per farm on the prevalence estimate for antimi-
crobial resistance is analyzed by simulation modeling. Accounting for the costs, the number of
samples to be taken at the respective step in the production line is optimized. This will be the
basis for implementing a continuous resistance monitoring program for pigs and the other major
food animal species in Switzerland.

Data obtained from the preliminary resistance monitoring activity allowed for comparing the
prevalence of Campylobacter spp. and antimicrobial resistance among sows, weaning pigs, finish-
ing pigs, and pork. The resistance situation in commensal bacteria could be compared between
sows and weaning pigs. The most effective points along the production line for monitoring antimi-
crobial resistance can be defined by evaluating the explanatory power of the information collected
at each sampling point. To achieve this,  a Monte Carlo simulation worksheet was developed,
which models the effect of various sampling strategies on the precision of the estimate of the
resistance prevalence in Swiss pigs. For the development of the model, Microsoft Excel, an Excel
macro using Visual Basic programming language, and Palisade @RISK software were utilized. In
the model, herds were randomly sampled from the pig population. The number of positive pooled
samples in the animals sampled from one herd was simulated, taking the herd size and the with-
in-herd prevalence for each sampled herd into account. The number of true and false positive
samples detected by diagnostic testing was determined from a binomial distribution, with p=sen-
sitivity or p=1-specificity, respectively. Uncertain input parameters were also described using
probability distributions available in @RISK. Prevalence estimates were described by a beta distri-
bution. Expert opinion was modeled by a pert distribution. A partial budget approach was utilized
to find the most cost-effective combination of samples to obtain a defined precision of the preva-
lence estimate.

Results of the model will allow the design of an optimized monitoring program for antimicro-
bial resistance in the Swiss pork production. As more data becomes available from continuous
monitoring of the resistance situation, this information will help to further refine the monitoring
program.
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ANTIMICROBIAL RESISTANCE IN SALMONELLA
FROM 1997-2003 NARMS SWINE SAMPLES

Paula Fedorka-Cray*1, J. S. Bailey1, D.A. Dargatz2, N. Anandaraman3,
B. Rose3, N. Wineland2, and M. Headrick4

1USDA, ARS, BEAR, P.O. Box 5677, Athens, GA 30606; 2USDA, APHIS, Ft. Collins, CO; 3USDA, FSIS, Washington, DC; 
4FDA, Athens, GA

Abstract A total of 3246 swine slaughter and 3147 swine diagnostic Salmonella isolates from the
National Antimicrobial Resistance Monitoring System (NARMS) for the years 1997-2003 were
tested for antimicrobial resistance. No resistance was detected in any Salmonella isolates for
ciprofloxacin or amikacin. For all other antimicrobics tested, more resistance was observed in
diagnostic isolates compared to slaughter isolates. In 2003, more than 50% of diagnostic isolates
were resistant to 4 antibiotics: tetracycline (77.4%), streptomycin (75.5%), sulfamethoxazole
(65.5%), and ampicillin (57.1%). Tetracycline (30.8%) was the antimicrobial with the most resist-
ance in slaughter isolates.  Continued monitoring of both slaughter and diagnostic isolates from
swine are needed to demonstrate if changes industry use patterns of antimicrobials lead to
changes in resistance patterns of Salmonella isolates from swine.

Introduction Public health concerns associated with the use of antimicrobials in livestock led to
the development of the National Antimicrobial Resistance Monitoring System (NARMS) in 1996.
The program was developed in part as a mechanism to monitor the effect of the use of veterinary
antimicrobials on changes in antimicrobial resistance patterns in bacteria associated with farm ani-
mals. Non-typhoid Salmonella were selected as the sentinel organism and have been continuous-
ly tested for since 1997.   This paper focuses on the monitoring of resistance changes in
Salmonella isolated from diagnostic and slaughter samples from swine from 1997–2003.

Materials and Methods Slaughter samples were collected and cultured by the USDA, FSIS, and
diagnostic samples were collected and cultured by state veterinary laboratories around the U.S or
the USDA, APHIS, National Veterinary Services Laboratory (NVSL). Slaughter and diagnostic iso-
lates were shipped to USDA, ARS in Athens, GA.  All Salmonella isolates were serotyped at the
NVSL in Ames, IA. After serotyping, 3246 slaughter and 3147 diagnostic isolates were tested for
antimicrobial resistance using custom made plates containing up to 16 antimicrobics in a semi-
automated minimal inhibitory concentration format system (SensititerTM, Trek Diagnostic) at the
USDA, ARS in Athens, GA. Isolates were classified as susceptible, intermediate, or resistant
based on Clinical Laboratory Standards Institute (CLSI) (formerly National Committee for Clinical
Laboratory Standards) established breakpoints, where available.

Results No resistance was detected in any Salmonella isolates for ciprofloxacin or amikacin. For
all other antimicrobics tested, more resistance was observed in diagnostic isolates than in slaugh-
ter isolates. In 2003, more than 50% of diagnostic isolates were resistant to tetracycline (77.4%),
streptomycin (75.5%), sulfamethoxazole (65.5%), and ampicillin (57.1%). For slaughter isolates,
tetracycline (30.8%) was the antimicrobial with the most resistance. Also, in 2003, amoxicillin,
cefoxitin, ceftiofur, cephalothin, and chloramphenicol resistance in diagnostic isolates was
10–20% greater than in any previous year. An analysis of antimicrobial resistance profiles of the
eight most frequently identified serotypes of Salmonella suggests that S. Derby, Typhimurium var.
Copenhagen, Typhimurium, Heidelberg, and Agona  were more resistant to tetracycline, sul-
famethoxazole, and streptomycin, with little difference observed between slaughter and diagnos-
tic isolates. More ampicillin resistance was observed with slaughter and diagnostic isolates of S.
Typhimurium var Copenhagen, Typhimurium, and diagnostic isolates of Agona.  S. Heidelberg
appears to be developing more resistance to ampicillin and ceftiofur in diagnostic isolates and to
streptomycin and tetracycline in slaughter isolates. Multiple drug resistance will be reported in a
separate paper.
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Discussion A limited number of studies have closely examined the development of antibiotic
resistance in Salmonella from swine samples. Cray et al. (1999) reported on the swine NARMS
samples collected in 1998 and as in this larger study reported that more resistance was seen in
diagnostic samples than in slaughter samples and that most resistance was to tetracycline, strep-
tomycin and sulfamethoxazole. Farrington and co-workers (2001) determined antibiotic resistance
patterns of 365 Salmonella isolates from lymph nodes and cecal content of market-age swine at
slaughter, and reported that although no subtherapeutic antibiotics were used on the farm in the
past five years that resistance to chlortetracycline, penicillin G, streptomycin, and sulfisoxazole
was common.  hese authors suggest that a correlation exists between the somatic serogroup or
serovar of a Salmonella isolate and its antimicrobial resistance status. Although specific serotypes
of Salmonella may possess different susceptibilities to antibiotic resistance, it is also possible that
the source, diagnostic versus slaughter, may contribute more to the development of resistance
than does the specific serotype.

Conclusion Continued monitoring of both slaughter and diagnostic isolates from swine are need-
ed to demonstrate if changes in industry use patterns of antimicrobials lead to changes in resist-
ance patterns of Salmonella isolates from swine.  More directed studies are needed to determine
if development in resistance characteristics if individual Salmonella isolates is influence more by
serotype or more by sample source.
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CAN ANTIBIOTIC USE IN PORK PRODUCTION REDUCE
CONSUMER RISK? 

H. Scott Hurd* 
Iowa State University, Ames, Iowa, USA, 50010, 515-294-7905, shurd@iastate.edu, 

The risk of antibiotic use in food animals for purposes other that disease treatment is receiving
renewed scrutiny. In the U.S. the question is being addressed with qualitative and quantitative risk
assessments, in Scandinavia it has been addressed with prohibitions on the uses labeled as
growth promotion (Cox and Popken, 2004, Hurd, et al., 2004, US, FDA, 2002). However, every
risk assessment is likely to calculate some level of risk, albeit extremely low. Society and regula-
tors are not generally willing to permit or accept additional risk, unless there is some benefit. Is it
possible that this perceived “risky activity” of food animal antibiotic use could decrease con-
sumer risk? What if it reduced the burden of human illness associated with meat-borne bacteria
such as Salmonella or Campylobacter? What if healthier animals resulted in healthier meat, milk
and eggs? Clearly, society has a longstanding belief in the benefits of consuming healthy animals,
demonstrated in meat hygiene inspection rules dating back to1914 in the U.S. 

How could the use of antibiotics decrease Salmonella and Campylobacter rates on carcasses
and meat, thereby decreasing human risk? Risk is all about probabilities and dose; the probability
of an event happening and the exposure dose if it does. Figure 1 shows the key processes that
affect the probability and dose of Salmonella contamination in pork processing.

Figure 1 shows the many processes where the probability of contamination and dose can be
impacted by animal health. For example, chronic stress of disease will increase the likelihood and
degree of animal infection with pathogens such as Salmonella; disease control reduces risk.
Additionally, animal health likely influences slaughter and evisceration quality; processes that
affect the probability and amount of fecal contamination. Conditions that may increase the proba-
bility or amount of fecal contamination include: 

< peritonitis (inflammation of the abdominal area)
< pleuritis (inflammation of the chest area)
< adhesions (“scar tissue” connecting viscera to the interior of body cavity)
< amount and fluidity of gut contents (increase probability of tears or spills)
< gut friability (increase probability of tears or spills)
< airsacculitis (inflammation and adhesions in the chest area of poultry)
< any health condition that leads to extra handling for trimming e.g. skin lesions, 

abscesses, arthritis
Meat inspectors will notice many of these issues and remove obviously unwholesome product;
however, pathogens are invisible. The resulting feces from a gut spill are quickly cleaned up, but
the unseen bacteria on hands, machinery or tools are not so easily detected. The extra handling
required to trim contaminated surfaces or remove an arthritic joint has been shown to decrease
shelf life due to extra bacterial load. Inflammation of the airsacs in a poultry flock has been associ-
ated with increased Salmonella and Campylobacter loads (Russel, 2003). Antibiotic free pigs tend
to have more fluid gut contents. Any of these conditions may increase the probability and dose of
pathogen contamination.

Many animal diseases produce the types of conditions just described. These diseases include E.
coli infection (airsacculitis) and Clostridium perfringens infection producing necrotic enteritis in poul-
try. Pleuritis is common due to porcine respiratory disease of various bacterial causes at an early
age. Inflammation of the small intestine in swine (ileitis) may increase gut friability. Liver abscesses
in cattle and infectious arthritis in all animals lead to extra handling for trimming of unwholesome tis-
sue. 

Antibiotic use reduces or eliminates these diseases. Treatment with virginiamycin is effective
in preventing necrotic enteritis in poultry. Prevention of porcine respiratory disease at an early age
will avoid lesions such as chronic pleuritis or peritonitis and the resulting adhesions affecting evis-
ceration quality. Lastly, uses labeled for improved performance have been shown to actually
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reduce infections with Clostridium perfringens (Stutz and Lawton, 1984). Additionally, when
avoparcin was removed from Norwegian poultry, necrotic enteritis reached “epidemic propor-
tions” (Kaldhudsal, 2000). The loss of “growth promotion” antibiotics in all phases of Danish
swine production (1999) has been followed by a 100% increase in the use of antibiotics labeled
for treatment. To this point, there has been no decrease in Salmonella or Campylobacter illness or
resistance levels in humans.

Could these disease-related conditions really affect public health? Based on available data the
answer is “yes”. A simple calculation will demonstrate. A more sophisticated analysis for poultry
was presented recently (Singer, et al. 2005, http://www.ahc.umn.edu/news/releases/chick-
ens110204/). Say a pork processing plant, using antibiotic treated pigs, has about 5% of its carcass-
es Salmonella positive in the cooler. A large plant (15,000 head/day) would produce 750 Salmonella
positive carcasses per day. But some research, based on quantification of Salmonella loads, shows
that only about 4% of the resulting servings will be potentially infectious; computing to about
25,000 potentially infectious servings per day (Assumes: 110kg carcass weight, 20% of contami-
nated carcass is ground and potentially contaminated, 250g serving size) (Alban et al., 2002). 

If antibiotic free pigs are used and if they have slightly more disease which increases the
Salmonella carcass positive rate only two percentage points
to 7%, that plant is now producing 1,050 Salmonella positive
carcasses per day; a 40% increase. Additionally, if the dose
on those positive carcasses is increased two points so that
6% of the resulting servings will be potentially infectious,
then the number of potentially infectious servings sold per
day increases to 55,000; a 115% increase over the antibiotic
treated pigs. 

These calculations are based on the assumption that ani-
mal health conditions do impact the probability and dose of
final product contamination. More data are needed on this
topic, especially in cattle and swine. These types of studies
should be fairly easy to conduct. It is useful, but not neces-
sary that antibiotic free animals be used in these studies, as
the key hypothesis is the relationship between conditions
such as pleuritis, arthritis, etc. and carcass contamination with
microbial load. Until these studies can prove there is no con-
nection between animal health and pathogen load, we must
assume that removal of antibiotics in food production would
increase the human risk of generic Salmonella,
Campylobacter, and Yersinia infection more than it would
decrease risk from resistance.

Conclusion A quantitative risk assessment of the impact on
human health relative to the continued use of virginiamycin
has also been concluded. The report determined that the
quantitative human health risk from continued use of virgini-
amycin in the U.S. is less than one statistical life saved in the
entire U.S. population over the next 15 years (Cox and
Popken, 2004). Consistent with the Cox/Popken study, the
Food & Drug Administration in the U.S. draft risk assessment
of virginiamycin, demonstrated a risk of virginiamycin use in
the range of 0.7 to 14 chances in 100 million (US, FDA, 2004).
Additionally, work by this author shows the risk of any
adverse human effects (e.g. extra days of illness) of macrolide
use in poultry, pork and beef cattle was less than 10 in 100 million
per human year (Hurd et al., 2004). 

Pork
Production

Transport 
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& Scalding

Debunging 
&
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Figure 1. Processes affecting the
probability and dose of Salmonella
contamination of wholesale pork
products resulting in potentially
infectious servings.
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Risk managers must compare the hypothetical risk of increased resistance to the thousands of
excess Campylobacter and Salmonella cases expected if medicated feed additives were banned.
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TAKE CARE – USE ANTIBIOTICS RESPONSIBLY PRO-
DUCER EDUCATION PROGRAM

Liz Wagstrom*, Paul Sundberg
National Pork Board, Des Moines, Iowa

Abstract Antimicrobial use in animal production has been a topic of concern with public
health, animal health, and consumer advocacy groups. While the contribution of antimicrobial
use in pork production to resistant bacteria impacting human health is uncertain, pork produc-
ers are committed to their responsibility to deliver safe and wholesome pork to consumers. In
the U.S. there has been an ongoing industry effort to provide producers with the educational
materials to enable them to provide safe products to the marketplace. We describe the devel-
opment of a comprehensive producer education and awareness program focused on the
responsible use of antimicrobials. The Take Care–Use Antibiotics Responsibly™ program is
based on a set of principles and guidelines that provide the producer, with consult from their
veterinarian, the basis for antibiotic use decision making. The goal of the program is to protect
public health while preserving animal health and welfare.

Introduction The U.S. pork industry, through the Pork Checkoff, has an ongoing history of pro-
viding producers with educational materials about pork safety, including antimicrobial use.
These include such programs as the Pork Quality Assurance program, the Judicious Use of
Antimicrobials for Pork Producers Guidelines, and a variety of “fact sheets” explaining different
aspects of antimicrobial resistance including a Pork Board policy statement on antimicrobial
use. With increasing scrutiny on antimicrobial use in agriculture from consumer, government,
and public health groups, the Pork Checkoff developed a comprehensive educational program
covering all uses of antimicrobials for pork producers.

Materials and Methods During the fall of 2003 a series of focus groups with pork producers
and veterinarians was conducted. The purpose of these focus groups was to: Explore producer
attitudes and current behaviors as they relate to antimicrobial use, identify the key influencers
for antimicrobial use, and identify the most effective ways to communicate about antibiotics
with producers.

In May of 2004, the Pork Checkoff’s Pork Safety Committee approved the concept of the
program and program development moved forward. Throughout the summer and fall of 2004,
input on the program content and elements was provided by pork producers, swine veterinari-
ans, the Food and Drug Administration, the National Pork Producers Council, the Centers for
Disease Control and Prevention, and others.  

Additional focus groups with producers were held to test program names, messages, and
benefit statements. Prior to release of the program, a telephone survey regarding antimicrobial
use practices was conducted with pork producers and swine veterinarians. The telephone sur-
vey will be repeated one year after release of the program to test if practices or attitudes have
been influenced by the program.

The Take Care–Use Antibiotics Responsibly program was released in February 2005.
Materials have been distributed through direct meetings with producers and via mailings to
producers, educators and veterinarians. Agricultural publications have also developed stories
that have focused on the program and its benefits.

In addition to delivering information about the program to agricultural audiences, the pro-
gram has also been introduced to public health and other audiences.  

Results
2003 Focus Groups The veterinarian was identified as the key influencer on antimicrobial use
in agriculture, along with university researchers and consulting veterinarians. Secondary influ-
encers included feed and pharmaceutical company representatives, peers, and agricultural
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publications. Focus group participants indicated that antimicrobial use to improve nutritional effi-
ciency was decreasing, but depending on disease status of the herd prevention and control uses
were steady to increasing. Producers did not care for the term “Judicious” to describe antibiotic
use. Producers were generally not aware of the regulations regarding the extra-label use of
antimicrobials, while all veterinarians in the group were familiar with these regulations.  Producers
and veterinarians were aware of antimicrobial resistance as an issue, but it was not indicated as a
key factor when making antimicrobial use decisions. Finally, a variety of communication methods
were suggested as the best way to communicate with producers.
2004 Focus Groups Focus groups with producers identified their preference for the use of the
term “Responsible Use of Antibiotics” rather than using the term judicious or prudent. In addition,
some producers confused the term antimicrobial to mean disinfectant. Producers were given the
choice of several names, and the Take Care name resonated with them, as it communicates a
holistic approach of taking care of their animals, the environment, the industry, and public health.
2004 Benchmarking Study The benchmarking study identified differences in antibiotic use and
behavior between small and large producers. The following areas were identified as having the
most room for improvement, and especially by operators with fewer pigs:

a. Evaluating the results of antibiotics used for nutritional efficiency
b. Using group morbidity and mortality rates when deciding when to use herd or 

group antibiotic treatment
c. Using supportive care management before or during antibiotic treatment
d. Using techniques like acidification of feed or water, or electrolyte therapy before 

using antibiotics
e. Involving the veterinarian in the decision to medicate
f. Using antibiotics based on laboratory culture and sensitivity

Discussion The Take Care–Use Antibiotics Responsibly program is an industry initiative to address
antibiotic use in pork production. In the first 60 days following the launch of the programs the pro-
gram was endorsed by pork producers representing over 45% of the U.S. production. In addition,
the program was endorsed by the American Association of Swine Veterinarians, and has been
acknowledged by legislators, regulatory, public health, and consumer advocacy officials. 

The program has the potential to impact the ways in which antibiotics are used in U.S. pork
production. Success of the program will be dependent on the effectiveness of delivery channels
of the program to the approximately 70,000 pork producers in the U.S., its applicability to those
producers’ production practices and their willingness to implement the principles and guidelines.  

Because the program is not a certification or assessment program, it will be difficult to assess
industry compliance with the principles and guidelines. Assessment of the program is planned by
identifying demonstration farms and measuring changes in the use, attitudes and behaviors
regarding antibiotic use by the people administering antibiotics. In addition, a follow up to the
benchmarking survey will be conducted approximately 12 months after the initial survey. Because
there is no adequate nationwide surveillance system in the U.S. it will not be possible to measure
changes in antibiotic use due to implementation of the program. Although the program is based
on principles that address the judicious use of antibiotics in pork production quantifying the
impact on antibiotic resistance is not a program objective and remains a question. The use of a
pre-delivery benchmarking survey of pork producers will enable a measurement of program
implementation over time.

The program does, however, demonstrate the industry’s commitment to address concerns
about antibiotic use. Information about the program has been delivered to public health and regu-
latory audiences to emphasize the industry’s efforts with this issue.  

Conclusions The Take Care–Use Antibiotics Responsibly producer education and awareness program
provides pork producers a set of principles and guidelines on the responsible use of antibiotics. The
success of the process to bring the program to fruition was dependent on the efforts to define the
concept, develop the content and program, communicate the need and deliver the program.
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The concept for the program began with discussions among pork producers and experts in
antimicrobial uses as part of Checkoff Pork Safety Committee activities. The intent of the program
included addressing pork producer responsibilities as part of actions responsive to the Prevention
and Control of Antimicrobial Resistance, Top Priority Action Items, of the Public Health Action Plan
to Combat Antimicrobial Resistance authored by the Interagency Task Force on Antimicrobial
Resistance: Conduct a public health education campaign to promote appropriate antimicrobial use
as a national health priority. (Action Item #25)

Program development began by gaining an understanding of pork producer perceptions of the
issue through focus groups and by other means. Consensus building was key as multiple drafts were
authored to address concerns of veterinarians, allied industry, regulators, and public health officials.

A communications plan that acted on the input of pork producers and veterinarians was devel-
oped.  It targeted pork producers with various sizes of operations and with various levels of
understanding of the issue. Direct communications and media coverage was employed to provide
the message of program content and availability. A communications network that included
Checkoff Pork Safety Committee members and other independent and company-associated pro-
ducers, state pork producer associations, veterinarians and allied industry companies was used to
increase awareness.

Delivery of the program continues through Checkoff materials, meeting presentations, veteri-
narians as they work with their producer clients, and other means to ensure that awareness is
maximized. The program is the first in the United States to address therapeutic and nutritional
efficiency uses of antibiotics. The program has been endorsed by producers supplying over 45%
of the hogs marketed in the United States as well as by the American Association of Swine
Veterinarians.
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ANTIMICROBIAL RESISTANCE IN SALMONELLA
STRAINS FROM FATTENING PIGS AND SOWS

Nathalie Nollet*1,2, Kurt Houf1, Jeroen Dewulf2, Boudewijn Catry2, Lieven De Zutter1, Aart de
Kruif2, Dominiek Maes2

1Department of Veterinary Public Health and Food Safety, 2Department of Reproduction, Obstetrics and Herd Health, Faculty
of Veterinary Medicine, Ghent University, Salisburylaan 133, B-9820 Merelbeke, Belgium

Abstract The prevalence of antibiotic resistance and of different resistance patterns for
Salmonella isolates collected from sows, from fattening pigs at different ages and at slaughter
was determined. All 901 isolates were submitted to antimicrobial susceptibility testing for 14 com-
pounds using the disk agar diffusion test. 

Overall, 50.9% of the strains were resistant to at least 1 antimicrobial agent. The highest per-
centage of resistance was found to oxytetracycline (34.2%), streptomycin (32.5%), sulphamethi-
zole (27.6%) and ampicillin (24.9%). Multiresistance (resistance$2 antimicrobials) was observed in
33.2% of the strains. A significant lower proportion (p<0.01) of resistant strains was recovered in
faecal samples from sows than from fattening pigs during the weaning, growing and finishing peri-
od. When designing antimicrobial resistance surveillance programmes for Salmonella in pigs, it is
important to take multiple samples within each herd from fattening pigs at different time points.

Introduction The major sources for human salmonellosis, one of the most occurring foodborne
infections, are eggs, poultry meat and pork. In Belgium, 11.065, 10.075 and 12.894 human cases
were reported in 2001, 2002 and 2003, respectively (NRSS, 2003). Further identification revealed
that each year, S. Enteritidis (64.2, 63.5 and 71.4%, respectively) was the most common serotype
isolated, followed by S. Typhimurium (21.4, 24.2 and 19.5%, respectively)

In addition to gastrointestinal disorders, there is the hazard of therapeutic failure due to
antimicrobial resistance of the causative Salmonella strains. In Belgium, an antimicrobial drug sur-
veillance programme has been launched by the National Reference Centre for Salmonella and
Shigella since 2000 (Wybo et al., 2004). Recent data showed that approximately 40% of the
human Salmonella Typhimurium isolates were resistant to four or more antimicrobial agents
(Wybo et al., 2004).

Antimicrobial agents are frequently used in the pig industry and pork is the most frequently
consumed meat species in Belgium (NIS, 2005). Therefore, Salmonella contaminated pork may be
an important vector for transmitting microbial resistant Salmonella strains to humans. Currently,
only limited data about antibiotic resistance in Salmonella isolates from pigs is available. The aims
of the present study were to determine the occurrence of antibiotic resistance in Salmonella iso-
lates collected from sows, nursery, growing and finishing pigs. The occurrence of different resist-
ance patterns was additionally investigated.

Materials and Methods All 901 samples originated from 2 field studies that were conducted dur-
ing 2001-2002 (Nollet et al., 2004) and 2003-2004 (Nollet et al., 2005), respectively. During study
1, 1821 mesenteric lymph node samples were collected of which 1066 were Salmonella positive.
From the 1066 isolates, 527 were selected at random (using random tables) to be tested for their
antimicrobial susceptibility. In study 2, faecal samples were taken individually from sows during
one production cycle and from pigs during the nursery (5-11 weeks of age), growing (12-18 weeks
of age) and finishing period (19-26 weeks of age). The day before pigs were moved to another
unit, environmental swabs (overshoes) of that particular unit were taken. In addition, feed sam-
ples were gathered at each herd visit. Fifty-six isolates were recovered from the sows; 30, 85 and
52 from the fattening pigs during the nursery, growing and finishing period, respectively, and 86,
34 and 20 isolates from small intestinal content, colon content and mesenteric lymph nodes,
respectively. Isolates were serotyped following the Kauffman-White scheme (Popoff and Le
Minor, 1992). Only the isolates of study 2 were characterised at strain-level using RAPD and PFGE
(Nollet et al., 2005a).

To determine the antimicrobial resistance patterns, the disk agar diffusion test was used
according to the guidelines established by the National Committee for Clinical Laboratory
Standards (NCCLS, 2003). In total, 14 antimicrobial agents were tested. The antibiotic disks (Neo-
Sensitab, Rosco, Taastrup, Denmark) used were: amoxycillin/clavulanate (30/15 µg), ampicillin (33
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µg), ceftiofur (30 µg) chloramphenicol (60 µg), enrofloxacin (10 µg), florphenicol (30 µg), flume-
quine (30 µg) gentamycin (40 µg), nalidixic acid (130 µg), neomycin (120 µg) oxytetracycline (80
µg), streptomycin (100 µg), sulphamethizole (240 µg), and trimethoprim/sulphamethoxazole
(5.2/240 µg). In this way, the most commonly used products in swine medicine (tetracyclines,
penicillines) were included, as well as the antimicrobial agents used to treat human Salmonella
infections (fluoroquinolones, cephalosporines).

The Salmonella isolates were first cultured on Columbia agar with 5% sheep blood and incu-
bated overnight at 37°C. Colonies of each isolate were suspended into 4-5 mL 0.9% NaCl solu-
tion until the turbidity was approximately 0.5 McFarland standard (Densimat, Biomerieux). A ster-
ile cotton swab was dipped into the adjusted suspension and streaked over the entire surface of
Mueller-Hinton agar plates. Consequently, neo-sensitabs were added to the plates using a dis-
penser (Rosco, Taastrup, Denmark) followed by incubation at 37°C for 18-24 hours. The diameters
of the inhibition zones (tablets included) were measured in millimetres using a ruler. Results were
scored as susceptible, intermediate susceptible and resistant following the manufacturers criteria
(Rosco, Taarstrup, Denmark). Escherichia coli ATCC 25922 was included as a reference strain. For
statistical analysis, isolates categorised as intermediate susceptible were categorised as suscepti-
ble. An isolate was defined as resistant if it was resistant to at least one of the antimicrobial
agents tested. If the isolate was resistant to two or more antimicrobial agents, it was defined as
multi-resistant.

To evaluate whether there were significant differences in occurrence of resistance between
sows and fattening pigs of different age categories (faecal samples from sows, nursery pigs,
growers and finishers) a univariable logistic regression was performed with sows as reference
category. Univariable logistic regression was also performed to evaluate the effect of age (faecal
samples from nursery, growing and finishing pigs) with finishing pigs used as reference category
(SPSS 11.0).

Results In total, 901 Salmonella isolates were tested of which the 10 most occurring serotypes
were S. Typhimurium (42.3%), S. Derby (25.1%), S. Goldcoast (7.3%), S. Infantis (4.8%), S.
Panama (4.3%), S. Livingstone (4.0%), S. London (2.4%), S. Brandenburg (2.3%), S. Rissen
(2.0%) and S. Anatum (1.1%). The number of resistant strains per serotype and per antimicrobial
agent is shown in Table 1. Overall, 459 of the 901 isolates (50.9%) were resistant to at least 1
antimicrobial agent tested. The highest number of resistant strains was found for oxytetracycline
(34.2%), streptomycin (32.5%), sulphamethizole (27.6%) and ampicillin (24.9%). None of the
strains were resistant to enrofloxacin or flumequine. Seven isolates showed resistance to ceftio-
fur. The proportion of resistant strains was higher for S. Typhimurium than for S. Derby, S.
Goldcoast, S. Infantis, S. Panama, S. London and S. Brandenburg. (Table 1).

Multiresistance was observed in 299 of the strains (33.2%) and 43 different resistance pat-
terns were observed. S. Typhimurium showed the highest proportion of multiresistant isolates
(58.0%). One of the isolates was resistant to 8, and 20 isolates to 7 of the antimicrobial agents
tested. The ACSSuT (ampicillin, chloramphenicol, streptomycin, sulphonamides, tetracycline)
resistance pattern was found in 16 S. Typhimurium and 3 S. Bovismorbificans isolates. One hun-
dred and one isolates were, besides the penta-resistance pattern also resistant to florphenicol.
More than one resistance pattern was observed within each serotype. 

Significant lower proportions of resistance (p<0.01) were found in the strains recovered from
faecal samples from the sows than from nursery, growing and finishing pigs. No significant differ-
ences were found between the proportion of resistant strains found in faecal samples from finish-
ing pigs and those found during the nursery (p=0.12) and growing period (p=0.22).

The feed isolate and 8 of the isolates recovered from overshoes were also resistant to at least
one antimicrobial agent (data not shown).

Discussion The high number of strains resistant to oxytetracycline, streptomycin, sulphamethizole
and ampicillin observed in the present study were similar to those in antimicrobial resistance sur-
veys in other European countries (van der Wolf et al., 1999; Mateu et al., 2002; van Duijkeren et al.,
2003; Bywater et al., 2004). Based on the present results and on data obtained by Timmerman et
al. (2005), tetracycline and amoxicillin are the most commonly used antimicrobial agents in the
Belgian pig industry. As reported in the literature, the frequent occurrence of resistance to tetracy-
cline, streptomycin, sulphonamide and ampicillin is generally attributed to the frequent use of
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those molecules in veterinary medicine (van der Wolf et al., 1999; van Duijkeren et al., 2003).
Resistance to newer antimicrobial agents such as second generation fluoroquinolones was

not observed in the present study. Only 6 isolates were resistant to nalidixic acid. The incidence
of reduced susceptibility to fluoroquinolones was thus very low, which is a favourable situation
with regard to public health. The prevalence of human nalidixic acid resistant isolates in Belgium
was 29.5% in 2003 but was most often observed in S. Virchow and S. Hadar (NRSS, 2003) which
were not isolated in the present study. Based on the present results, pigs do not seem to be an
important source for human nalidixic acid resistant Salmonella isolates. 

About half of the isolates (50.9%) tested were resistant to at least one antimicrobial agent, of
which 65% showed multi-resistance. The most frequently occurring pattern in the present study
was resistance to ampicillin, chloramphenicol, streptomycin, sulphamethizole, oxytetracycline
(ACSSuT) and florphenicol. Salmonella isolates showing this resistance pattern were isolated from
8 different herds and were all serotyped as S. Typhimurium. Multidrug resistance has been fre-
quently described for Salmonella and is often associated with the occurrence of Salmonella
Typhimurium phage type DT104 (Threlfall, 2000).

A lower proportion of resistant strains was detected in sows in comparison with fattening pigs
during the nursery, growing and finishing period. To the authors' knowledge, no current data are
available from antimicrobial resistance of Salmonella isolates recovered from sows. The lower
prevalence might be due to the less frequent use of antimicrobial agents in sows. Another expla-
nation is that, as it has been described in many species (Catry et al., 2003; Khachatryan et al.,
2004), older animals might harbour less resistant strains because of differences in intestinal physi-
ology. A selective advantage for resistant strains in non-adult pigs (< 6 months of age) might be
related to the diet, but further research is necessary to confirm this hypothesis.

Conclusion The present study indicates that antimicrobial resistance frequently occurs in
Salmonella isolates from pigs, with the highest proportion of resistant strains observed for oxytet-
racycline, streptomycin, sulphamethizole and ampicilline. Pigs do not seem to be an important
vector for fluoroquinolones resistant strains to human. Sampling strategies in antimicrobial resist-
ance programmes should include multiple samples per herd with pigs of different ages included. 
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Serotype
Non-
resis
tant

Resistant
(%)

Antimicrobial compounds1

Ac A Ce C E Ff F G Nd N S Su T Stp

S. Bovismorb. 1 7 (87.5)a - 4 - 3 - - - - - - 4 6 4 -

S. Rissen 3 15 (83.3)a - 1 - - - - - - - - 1 - 15 -

S. Typhimurium 87 294 (77.2)a 5 202 6 48 - 120 - 4 - 30 203 213 236 64

S. Anatum 4 6 (60.0)a - 1 - 3 - 4 - - - - - 4 3 4

S. Panama 18 21 (53.8)b - - - - - - - - - - 12 14 - 10

S. Infantis 23 20 (46.5)b - 2 - - - - - - 1 6 17 - 3 -

S. Derby 157 69 (30.5)b 1 14 1 3 - - - - - 9 43 2 40 3

S. Brandenburg 16 5 (23.8)b - - - - - - - - 4 - - 1 5 1

S. London 18 4 (18.2)b - - - - - - - - 1 - 1 2 - -

S. Goldcoast 55 11 (16.7)b - - - - - - - - - 2 6 5 1 1

S. Livingstone 30 6 (16.7) - - - - - - - - - - 5 1 1 -

Non-typable 5 1 (16.7) - - - - - - - - - - 1 1 - 1

S. Urbana 9 - - - - - - - - - - - - - - -

S. Mbandaka 3 - - - - - - - - - - - - - - -

S. O4:I- 3 - - - - - - - - - - - - - - -

S. Agona 2 - - - - - - - - - - - - - - -

S. Wien 1 - - - - - - - - - - - - - - -

S. Enteritidis 1 - - - - - - - - - - - - - - -

S. Kingston 1 - - - - - - - - - - - - - - -

S. Muenster 1 - - - - - - - - - - - - - - -

S. Nagoya 1 - - - - - - - - - - - - - - -

S. Oranienburg 1 - - - - - - - - - - - - - - -

S. Rubislaw 1 - - - - - - - - - - - - - - -

S. Sundsvall 1 - - - - - - - - - - - - - - -

TOTAL(%) 44
2

(4
9.

1)

45
9

(5
0.

9)

6
(0

.7
)

22
4

(2
4.

9)

7
(0

.8
)

15
7

(1
7 .

4)

0
(0

)

12
4

(1
3.

8)

0(
0)

4
(0

.4
)

6
(0

.7
)

47 (5
.2

)

29
3

(3
2.

5)

24
9

(2
7 .

6)

30
8

(3
4.

2)

84 (9
.3

)

Table 1: Overall number (%) of resistant Salmonella strains. All samples were collected from
Belgian fattening pigs and sows during 2001-2004. 1amoxicillin/clavulanate (Ac), ampicillin (A),
ceftiofur (Ce), chloramphenicol (C), enrofloxacin (E), flumequine (F), gentamycin (G), nalidixic
acid (Nd), neomycin (N), streptomycin (St), sulphamethizole (S), oxytetracycline (T), trimetho-
prim/sulpha (Stp) and florphenicol (Ff)
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PREVALENCE AND ANTIMICROBIAL RESISTANCE OF
SALMONELLA ISOLATED FROM CONVENTIONAL AND
ANTIMICROBIAL-FREE (ABF) SWINE HERDS IN NORTH
CAROLINA

Wondwossen A. Gebreyes1*, Siddhartha Thakur1, W.E. Morgan Morrow2

*1North Carolina State University, College of Veterinary Medicine, Dept of Population Health and Pathobiology, 4700
Hillsborough ST., Raleigh, NC 27606, USA, Ph: 01-919-513-8291, E-mail: wagebrey@ncsu.edu; 2College of Agriculture and Life
Sciences, Dept. of Animal Sciences

Summary The main objective of this study was to compare prevalence and antimicrobial resist-
ance of Salmonella isolated from swine reared in antimicrobial-free (ABF) and conventional pro-
duction systems in North Carolina. Among the two production systems, prevalence was signifi-
cantly higher among the ABF (15%) than the conventional system (5.2%) (P<0.001). There was no
significant difference in the resistance against tetracycline between the two production system at
the farm level (P=0.22). The AMP CHL STR SUL TET (R-type ACSSuT) MDR pattern was the most
common seen in 73 (10.4%) of the isolates. Among the two production systems, this pentaresis-
tance pattern was observed significantly higher in the ABF (20.6%) than the conventional (2.4%)
herds at the farm level (P<0.001). The common finding of highly MDR resistant strains in ABF
farms may indicate that specific MDR strains may remain persistent in swine production units
regardless of antimicrobial use levels.

Introduction Non-typhoidal Salmonella serovars have been known to be among the most com-
mon bacterial pathogens and important reservoirs of antimicrobial resistance. Salmonella has
been commonly identified from commercial swine farms in North Carolina (Davies et al., Funk et
al., Gebreyes et al.). Antimicrobial resistant strains of the most common serovars including
Typhimurium and Muenchen has been reported recently in pigs (Gebreyes and Altier, 2002;
Gebreyes et al., 2004; Gebreyes et al., 2004B; Gebreyes and Thakur, 2005). The previous studies
have mainly focused on the conventional production systems. In the current study, we compared
the prevalence and antimicrobial resistance of Salmonella isolated from swine reared in antimicro-
bial-free (ABF) and conventional production systems in North Carolina. 

Materials and Methods Fecal samples from a total of 889 pigs and 743 carcass swabs were col-
lected from 21 groups of pigs reared in conventional (11 groups) and ABF (10 groups) farms in a
cross-sectional study. Under the conventional system of pig production, antimicrobials were
added in the feed for growth promotion and also used for therapeutic purposes. The ABF produc-
tion system is different with no antimicrobials used for any purpose post-weaning. Approximately
10 grams of fresh fecal matter was collected from each pig per rectum with sterile gloves. At the
slaughter plant, we sampled carcasses using swabs soaked in 10 ml of buffered peptone water
(Becton Dickenson, NJ, USA). The region extending from the jowl to the ham was swabbed in a
single swipe. Ten carcasses each were swabbed at three different points (pre-evisceration, post-
evisceration and post-chill) at the slaughter plant making it a total of 30 carcasses sampled per
trip. All the 30 carcasses were swabbed at the plant. The samples were transported to the labora-
tory on ice for isolation of salmonellae. 

Salmonella isolation from fecal samples was done following the conventional methods
described previously (Gebreyes et al., 2004). After, culturing on selective plates, five colonies char-
acteristic of Salmonella were further  tested for the appropriate biochemical reactions on triple
sugar iron (TSI) and urea agar media (Difco Ltd., Sparks, MD). The isolates were tested for their
antimicrobial susceptibility to 12 antimicrobial agents using the Kirby-Bauer disk diffusion method.
The antimicrobials tested, abbreviations and disk potency used were: ampicillin (AMP) [10mg],
amoxicillin-clavulanic acid (AMX) [30mg], amikacin (AMK) [30mg], ceftriaxone (CRO) [30mg],
cephalothin (CEF) [30mg], chloramphenicol (CHL) [30mg], ciprofloxacin (CIP) [5 mg], gentamicin
(GEN) [10mg], kanamycin (KAN) [30mg], streptomycin (STR) [10mg], sulfamethoxazole (SUL)
[250mg] and tetracycline (TET) [30mg]. Results were interpreted according to the NCCLS criteria.
Escherichia coli strain ATCC 25922 and 35218, Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 29213 and Pseudomonas aeruginosa ATCC 27853 were routinely
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used as quality control organisms according to NCCLS recommendations.
To compare the prevalence, antimicrobial resistance profile and patterns of Salmonella isolates

between the two production systems, we used the x2 test (Minitab Inc. PA, USA) and Fisher’s
exact two-tailed test (www.matforsk.no/ola/fisher.htm) wherever applicable. An a of 0.05 was
used as significance level. 

Results Salmonella prevalence at farm was 9.3% (n=83) and 10.6% (n=79) at the slaughter as
shown in Figure 1. Among the two production systems, prevalence was significantly higher
among the ABF (15%) than the conventional system (5.2%) (P<0.001). Overall, we did not find
any significant difference in prevalence between the farm and slaughter (P=0.33). Within the con-
ventional production units, although prevalence was higher at slaughter (6.8%) than the farm
(4.2%), the difference was not significant (P=0.09). We observed similar result within the ABF
system with no significant difference between the farm and slaughter (P=0.9). 

Resistance was detected against 10 of the 12 antimicrobials tested either at farm or slaughter
except ciprofloxacin and amikacin (Table 1). Overall, frequency of resistance against tetracycline
was the highest (80% isolates) followed by streptomycin (43.4%) and sulfamethoxazole (36%)
irrespective of the production system or the production stage. There was no significant difference
in the resistance against tetracycline between the two production system at the farm level
(P=0.22). However, we found significant difference (P<0.001) in resistance against this antimicro-
bial at the slaughter level with higher resistance seen among isolates from the conventional sys-
tem (97.4%) than the ABF system (55.7%). Frequency of resistance against ampicillin, strepto-
mycin and sulfamethoxazole was higher in Salmonella isolates from pigs reared in the convention-
al system at both farm and slaughter (P<0.001). Salmonella strains resistant to the third genera-
tion cephalosporin ceftriaxone (n=2) and gentamicin (n=2) were isolated at the slaughter and farm
level respectively among the conventionally reared pigs. None of the isolates from ABF slaughter
level were resistant to chloramphenicol and kanamycin. 

A total of 28 resistance patterns were observed among the total 703 Salmonella isolates at
farm and slaughter. A total of 116 isolates (16.5%) were pansusceptible. At the farm level, a single
isolate (1.2%) from the conventional production system was pansusceptible compared to 33
(11.7%) of the isolates from the ABF farms. Pansusceptible Salmonella isolates at the slaughter
level were found in carcasses from the ABF production system (82; 37%) but none from carcasses
of the conventional herds. The resistance pattern STR SUL TET was the most common pattern and
seen in 130 (18.5%) of the 703 isolates. There was no significant difference in the proportion of
isolates with the above pattern between the conventional (19.5%) and the ABF system (18%)
(P=0.66). We observed a total of 21 multidrug resistance (MDR) patterns exhibited by 147 (21%)
isolates. MDR here is defined as isolates exhibiting resistance to four or more antimicrobials simul-
taneously. The AMP CHL STR SUL TET MDR pattern was the most common seen in 73 (10.4%) of
the isolates. Among the two production systems, this pentaresistance pattern was observed sig-
nificantly higher in the ABF
(20.6%) than the conventional
(2.4%) at the farm level
(P<0.001). None of the isolates
from the ABF slaughter car-
casses exhibited this MDR pat-
tern. Isolates with the MDR
pattern STR SUL TET KAN
(17.4%) were isolated only from
the carcasses of conventionally
reared pigs. The other resist-
ance patterns that were seen in
isolates from the slaughter
plants only included AMP STR
AMX CEF (1.2%), AMP STR TET
AMX CEF (0.9%), AMP TET
AMX CEF CRO (1.8%), AMP
CHL STR SUL TET AMX CEF (0.9%)
and STR SUL TET CEF (1.2%).

Figure 1. Salmonella prevalence at farm and slaughter among the con-
ventional and the ABF production systems. Abbreviations: F-C
(Conventional Farms); F-ABF (ABF Farms); SL-C (Conventional Slaughter);
SL-ABF (ABF Slaughter) a ,bBars sharing common superscripts were signif-
icantly different at P<0.05; # Indicates number of pigs/carcass sampled
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Discussion In this study, comparison of prevalence and antimicrobial resistance of Salmonella has
been conducted in conventional and antimicrobial-free swine production systems in North
Carolina. Important findings on differences in prevalence and antimicrobial resistance between
ABF and conventional herds have been identified. One of the initial findings is the high prevalence
of Salmonella in ABF herds than conventional ones and has been consistent both on-farm and at
slaughter as shown on Figure 1. Previously, it has been reported that in production systems
where antimicrobials were not used, a higher prevalence of other swine specific infectious agents
(ileitis due to Lawsonia intracellularis) and clinical illnesses have been reported from other coun-
tries (Ref.). Our findings could corroborate such reports and may imply that banning of antimicro-
bial use in swine production may lead to an increase in prevalence of Salmonella.

The other major finding of this report is the high occurrence of antimicrobial resistance in both
ABF and conventional production systems. Resistance to tetracycline, the antimicrobial to which
Salmonella strains have widely been known to be commonly resistant, was shown to be common
in both ABF and conventional herds. However, frequency of resistance to other antimicrobials
including b-lactams, aminoglycosides and sulfamethoxaole was more common among isolates
from conventional herds than ABF. On further investigating the specific MDR patterns, the pan-
demically recognized pentaresistance pattern commonly known as R-type ACSSuT was detected
significantly more commonly from the ABF herds on-farm than the conventional. Even though we
do not know the specific risk factors that may have resulted in such a high occurrence of this
pentaresistance pattern in ABF herds, it could also be argued that it may be attributed to factors
other than antimicrobial use. It may also imply the fact that MDR strains may remain persistent in
production and other environments regardless of antimicrobial use levels. Previously, it has been
shown that secondary mutations in the genome of such MDR strains may render them to be fit
to survive in various conditions (Jorkman et al., 2000).

Conclusions The high occurrence of Salmonella in the ABF herds may be associated with the
antimicrobial use status of the herds. As this study was done based on convenience sampling and
on limited farms, it may not have external validity and thus can not be generalized. The findings,
however, warrant the need for a more comprehensive study. The common finding of highly MDR
resistant strains in ABF farms also may indicate that specific MDR strains may remain persistent
in production and other environments regardless of antimicrobial use levels.

Acknowledgements This study was funded by the North Carolina Pork Council (NCPC) grant
number 04M30.MF2. We thank Heather Lowman and Allison Price for technical assistance.

Production
Stage

Production
System

Isolates
Tested

Antimicrobials

AMP CHL STR SUL TET AMX CEF CRO CIP KAN AMK GEN

Farm Conventional 85
30

(35.3)1

22
(25.9)2

73
(85.9)3

55
(64.7)4

79
(93)

12
(14.1)

5
(5.9)

0 0
16

(18.8)
0

2
(2.4)

ABFa 282
35

(12.4)
30

(10.6)
102

(36.2)
85

(30.1)
249

(88.3)
2

(0.7)
1

(0.4)
0 0

4
(1.4)

0 0

Slaughter Conventional 115
27

(23.5)1

25
(21.7)2

63
(54.8)3

58
(50.4)4

112
(97.4)

4
(3.5)

3
(2.6)

2
(1.7)

0
20

(17.4)
0 0

ABF 221
7

(3.2)
0

67
(30.3)

56
(25.3)

123
(55.7)

4
(1.8)

5
(2.3)

0 0 0 0 0

Total
Isolates

703
99
(14)

77
(11)

305
(43.4)

254
(36.1)

563
(80)

22
(3.1)

14
(2)

2
(0.3)

0
40

(5.7)
0

2
(0.3)

Table 1. Comparison of antimicrobial resistance profile between Salmonella isolates
from the two production system. aAntimicrobial Free Farms. For each antimicrobial, fig-
ures sharing common digits in the superscripts were significantly different at P<0.05
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SALMONELLA PREVALENCE IN PIGS REARED ON
FARMS WITH AND WITHOUT ANTIMICROBIALS

Peter B. Bahnson*1, Wondwossen A. Gebreyes2, Julie A. Funk3, W.E. Morgan Morrow2

1*Department of Medical Sciences, School of Veterinary Medicine, University of Wisconsin-Madison, Madison, 2015 Linden
Dr., Madison, Wisconsin, 53706, USA. Email pbbahnson@wisc.edu, voice 608.265.1855 fax 608.265.8020
2North Carolina State University, Raleigh, NC, USA; 3The Ohio State University, Columbus, OH, USA

Abstract A convenience sample of farms using antimicrobials (antimicrobial-using, AMU) post-
weaning for therapy and/or growth promotion (n=21) were contrasted to a convenience sample of
farms not using antimicrobials post-weaning (antimicrobial-free, AMF, n=21) distributed across
three US geographic areas. Fecal samples were screened for Salmonella enterica prior to slaughter
and carcasses were tested after slaughter. Fecal samples were collected from 30 pigs per farm. At
slaughter, 10 carcasses were swabbed at each of three locations on the processing chain.
Salmonella spp. were isolated using conventional methods. The proportion of Salmonella positive
fecal samples among AMF farms was higher (27.3%, CI 12.8-41.8%) when compared with AMU
farms (12.3%, CI 5.0-19.5%). No differences were found among carcass swabs or antibiograms.  It
is concluded that AMF production may not enhance Salmonella food safety in the pork chain.

Introduction Antimicrobials have been commonly used in commercial swine production.  In the
US, 88.5% of producers reported using antimicrobials in the feed at least once in the six months
prior to the survey (USDA, 2002). Although commonly used, the effects of antimicrobials on the
shedding of Salmonella enterica have not been quantified in commercial US settings. Logically,
the application of antimicrobials could reduce the prevalence or duration of Salmonella shedding
(Ebner, et al., 2000, Evangelisti, et al., 1975). Conversely, shedding of antimicrobial resistant
Salmonella strains could be enhanced when antimicrobials are provided Salmonella-positive pigs.

As part of a multi-state study to determine the prevalence, antimicrobial resistance and geno-
typic diversity of three major foodborne pathogens in swine, Salmonella, Campylobacter and
Yersinia, the goal of this report was to compare Salmonella spp. in market swine reared either on
farms using or avoiding antimicrobials in growing pigs. The larger study includes 60 farms sam-
pled in three distinct geographic areas in the US in North Carolina, Ohio/Michigan and the por-
tions of the upper Midwest (South Dakota, Iowa, Minnesota and Wisconsin).

Methods A total of 42 farms were selected, distributed over three geographic locations in the
U.S:  North Carolina, Ohio-Michigan, and South Dakota, Iowa, Minnesota and Wisconsin.
Antimicrobials were provided in the feed on 21 farms for at least part of the post-weaning period,
and 21 avoided antimicrobials post-weaning. In the latter group, pigs requiring antimicrobial thera-
py were treated individually and were then removed from the population at the time of treatment
and not re-introduced to the population. 

Fecal samples (10 g) were collected from each of 30 pigs on each farm within 72 hours of
slaughter. In the case of small farms marketing less than 30 animals on a single day, all pigs des-
tined for slaughter were sampled. At slaughter, sterile 8.9 x 12.7 cm cellulose swabs were used
to sample skin surfaces. These were 3x larger area than the official USDA carcass swabs to allow
the swabs to be divided after collection and distributed to the three participating laboratories.
Shortly before evisceration 10 carcasses were swabbed (swab A) and the same 10 carcasses
were sampled post-evisceration (swab B). After chilling, one swab was collected from each side
of 10 carcasses on either side (i.e., left and right sides) of the carcass. These swabs were taken
from carcasses not sampled previously to avoid sampling from the same surface. The first of
these post-chilling samples, swab C, was collected in the same manner as swabs A and B. Swab
D was collected from the opposite side using the published USDA: FSIS methods (Federal
Register, 1996), except that both the swab and template were the larger size described above.  A
300 cm2 area was sampled in each of three locations, on the ham, lateral to the ventral midline,
and on the neck using a sanitized template.  In cases where the jowl area had less than 300 cm2

available for sampling the collector approximated 300 cm2 in an irregular pattern.  In total, 40
swabs were taken for each farm. 

Fecal samples were enriched in tetrathionate broth (37°C, 48 hours); 100  µl was transferred
to R-10 after 48 h. After incubation of 18-24 hours, samples were streaked for isolation on XLT-4
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agar. Suspect colonies were streaked for isolation on BG agar. Confirmation of Salmonella spp.
identity was confirmed by agglutination via multivalent Salmonella antisera (Polyvalent O groups A
through G Salmonella Somatic Agglutinating Serum, Rabbit, Remel, Lenexa, KS, USA). Carcass
swabs were processed as described by the FSIS methods for carcasses, (Federal Register, 1996)
except that XLT4 agar was substituted for DMLIA agar.  

Antibiograms were determined for isolates from fecal samples using the Sensititre system
(TREK Diagnostic Systems, Inc., Cleveland, Ohio, USA) with a customized plate containing 17
antimicrobials. Minimum inhibitory concentrations (MIC) cut-points are described the NCCLS
(National Committee for Clinical Laboratory Standards, 1999).

The association between antimicrobial use and detection of Salmonella was tested in logistic
regression models adjusted for expected herd-level clustering. The associations between antimi-
crobial use and antimicrobial resistance were evaluated using PROC MIXED for MIC and PROC
GLIMMIX for the proportion of isolates resistant to antimicrobials.  Prevalence estimates were
calculated using PROC SURVEFREQ (SAS Institute, Cary, NC, USA), with CI adjusted for the
expected cluster effect of herd of origin. Prevalence and 95% CI intervals were calculated by
sample, and for samples with significant differences, by herd type.

Results Pigs from AMF farms had increased odds of Salmonella detection in farm collected fecal
samples compared with AMU farms, (OR 2.4, CI 1.5-3.7, p<0.01). No differences were found for
carcass swabs. The proportion of Salmonella-positive fecal samples among AMF farms was 27.3%
(CI 12.8-41.8%) and 12.3% (CI 5.0-19.5%) for AMU farms. For carcass swabs, the proportion of
Salmonella-positive samples was as follows across both farm types: A, 9.2% (CI 3.1-15.3%), B,
9.9% (CI 5.5-14.3%), C, 3.9% (CI 0-8.0%), D, 5.0% (CI 1.7-8.3%). No differences in carcass swab
positive status were detected between the farm categories.

Antimicrobial resistance did not significantly differ between isolates from the two farm types
for any antimicrobial tested.  The proportion of resistance detected was as follows, in declining
order: Tetracycline, 65.1% (CI 38.3-91.9%), streptomycin, 23.5% (CI 6.5-40.5%), amoxicillin/clavu-
lanic acid 22.8% (CI 5.6-40.1%), ampicillin 22.1% (CI5.4-38.9%), chloramphenicol 16.8% (CI 0.0-
34.0%), sulfafizoxazole 4.0% (CI 0.0-9.0%), cefoxitin 4.0% (CI 0.0-11.5%) trimethoprim/sul-
phamethoxazole 1.3% (CI 0.0-3.1%) and kanamycin 1.0% (CI 0.0-3.5%). No resistant isolates
were detected for amikacin, ceftriaxone, ciprofloxacin, gentamicin, nalidixic acid or ceftiofur.

Discussion The major findings of this study are that, relative to conventional farms using antimi-
crobials after weaning, pigs from AMF farms 1) had a 2.4 fold increased odds of Salmonella in
live, slaughter-ready pigs, 2) had no difference in Salmonella on carcasses, and 3) had no differ-
ences in antimicrobial resistance in Salmonella detected in feces.  Taken together, these findings
suggest that AMF production may not provide improved food safety regarding either the potential
for exposure to Salmonella enterica in the pork chain, or with regard to the potential for exposure
to antimicrobial resistant strains of Salmonella. Consequently, post production techniques to avoid
public health risks in all phases of the pork chain need to be considered equally for AMF and
AMU production systems.

To our knowledge, this is the first report of Salmonella prevalence in commercial US AMF
farms.  The increased risk for Salmonella detection on AMF farms leaves open the possibility that
antimicrobials may suppress Salmonella shedding on AMU farms. It must be noted, however, that
the AMU and AMF farms were a convenience sample of farms, and consequently the findings
here do not necessarily reflect that of all farms. However, these farms were selected without
knowledge of prior Salmonella status, and without reference to other characteristics other than
the convenience of sampling and the use of antimicrobials. It was clear from observations of the
farms that many characteristics varied between the production types, so it is likely that the differ-
ences in Salmonella shedding may in part be attributable to factors other than the simply the
use/non-use of antimicrobials. These findings appear to justify further work to more fully under-
stand the relationship between antimicrobial use and Salmonella shedding.

The lack of differences in antibiograms may suggest that, once selected in larger pig popula-
tions, antimicrobial resistance is persistent.  Alternately, pigs on ABF farms may have continued
exposure to non-pig sources of antimicrobial resistant Salmonella, including feed, wildlife and/or
feral animals and other sources. Without strong selective pressures to favor antimicrobial sensi-
tive strains, it is possible that antimicrobial resistant strains can persist for extended periods, as
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has been demonstrated in a study of an AMF farm that avoided antimicrobials for 28 years
(Reeves, et al., 2002).

Conclusions Relative to conventional antimicrobial using farms, antimicrobial free farms produced
pigs that had

< 2.4 fold higher risk for Salmonella shedding in fecal samples collected 24-48 hours 
prior to slaughter

< No differences in Salmonella isolation rates on carcass swabs collected at slaughter 
< No differences in antimicrobial resistance among 17 antimicrobials tested
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Summary The objective of this study was to determine and compare the prevalence and antimi-
crobial resistance of Campylobacter species in swine reared in the conventional and antimicrobial
free production (ABF) production systems as part of a multi-state study. To date, 19 conventional
and 16 ABF groups have been followed. C. coli was the predominant species (99%) isolated in the
study. Prevalence of C. coli was higher in ABF herds (60%) than conventional ones (55%). Overall,
C. coli isolates exhibited highest frequency of resistance against tetracycline (Tet, 66.2%) followed
by erythromycin (Ery, 53.6%). While frequency of resistance to these two antimicrobials was high
in both production systems, it was significantly higher among conventional herds (83.4% and
80.8% for Tet and 77% and 81.4% for Ery on-farm and at slaughter respectively) than the ABF
(56.2% and 36.6% for Tet and 34.5% and 40.4% for Ery on-farm and at slaughter respectively).
Resistance against ciprofloxacin (n=17) with high MIC level (> 4 mg/liter) was also found at the
farm level in both the ABF (0.6%) and conventional systems (2.8%).

Introduction Campylobacter is the leading cause of foodborne bacterial illnesses and is responsi-
ble for an estimated 2.4 million illnesses. Although C. jejuni in humans is considered to be the
most important Campylobacter species causing infection, recent studies done in Spain and UK
have highlighted the importance of C. coli as an important human pathogen due to it ability to
show resistance to various classes of antimicrobials and in causing more indigenously acquired
foodborne diseases (Saenz et al., 2000; Tam et al., 2003). Foods of animal origin have been
shown to be the major risk factor in causing Camylobacter infections in humans (Oosterom et al.,
1984). The role of pork products in causing foodborne campylobacteriosis has not been fully eluci-
dated even though C. coli have been commonly isolated from pork products in retail markets in
the US and Canada. The status of Campylobacter in swine raised in the conventional system of
production where antimicrobials are used both for treatment and growth promotion has been
reported previously. However, there is paucity of information as to the comparative significance of
Campylobacter occurrence and antimicrobial resistance among pigs reared in ABF and conven-
tional production systems.

Materials and Methods In this study, a total of 60 herds, 20 from each of the three regions,
Southeastern (NC), upper mid America (OH) and Midwest (WI, MN, IA, SD) were included. To
date, a total of 19 conventional and 16 ABF herds have been followed. At the farm level, fecal
samples were collected from finishing farms within 48 hours of marketing. Pigs sampled during
the study were ear tagged, tattooed or marked with indelible dye for subsequent identification
and sampling at the slaughter plant. Approximately 30 pigs were included in each group for sam-
pling. Carcass swabs were collected at the slaughter plant at three stages of processing: pre-evis-
ceration, post-evisceration and post-chill. At every farm visit, approximately 10 grams of fresh
fecal samples was collected per pig with gloved hands directly from the rectum or from undis-
turbed pats following observed defecation. Samples were processed for Campylobacter using
conventional approaches. Fecal sample from the farms were directly plated (loopful) onto campy-
cefex selective plates. Carcass swabs were first soaked in 30 ml of Bolton broth (Oxoid,
Hampshire, UK) and all the samples were incubated for 48 hours under microaerobic conditions
(CO2: 10%, O2: 5% and N2: 85%) using the Anaeropacks (Remel, KS, USA) at 42°C for 48 hours.
We used species-specific primers (ceuE and hipO) for PCR detection of important species of
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Campylobacter particularly, C. coli and C. jejuni.
We tested the isolates for their susceptibility against a panel of six antimicrobials as recom-

mended by FDA, NARMS. The list of antimicrobial with their abbreviations and range of concentra-
tions used is: chloramphenicol (Ch; 0.25-128 mg/liter), ciprofloxacin (Cip; 0.008-4 mg/liter), erythro-
mycin (Ery; 0.06-32 mg/liter), gentamicin (Gen; 0.06-32 mg/liter), nalidixic acid (Nal; 0.25-128
mg/liter) and tetracycline (Tet; 0.06-32 mg/liter) (12). All the antimicrobials were procured from
Sigma (Sigma, MO, USA) except ciprofloxacin (Serologicals Proteins, Inc., IL, USA). The NCCLS
breakpoint interpretative criteria for Enterobacteriaceae family were used for all the antimicrobials
except erythromycin as recommended by NCCLS as the interpretive standard breakpoint levels for
the Campylobacteriaceae family are not yet available. For erythromycin (8 mg/liter), the breakpoint
level used by National Antimicrobial Resistance Monitoring System (NARMS) was adopted (FDA,
1999). Statistical analysis was done using the x2 test (Minitab Inc. PA, USA) and Fisher’s exact two-
tailed test wherever applicable. A value of P<0.05 was considered statistically significant.

Results C. coli accounted for 99% (n=1459) of the isolates. None of the remaining isolates were
C. jejuni and were not included in the subsequent characterization. Prevalence of C. coli was high-
er among ABF herds in NC (53% for conventional and 56% for ABF) and OH (57% for convention-
al and 64% for ABF).

C. coli isolates exhibited highest frequency of resistance against tetracycline (66.2%) followed
by erythromycin (53.6%). Within the conventional system, resistance to these two antimicrobials
(tetracycline and erythromycin) was common both in isolates from the farm and the slaughter
plant. In contrast, in the ABF system significantly higher frequency of resistance to tetracycline
was observed in isolates from the farms (56.3%) than from the slaughter plants (36.6%) (P<0.001).
While frequency of resistance to these two antimicrobials was high in both production systems, it
was significantly higher among conventional herds (83.4% and 80.8% for Tet and 77% and 81.4%
for Ery on-farm and at slaughter respectively) than the ABF (56.2% and 36.6% for Tet and 34.5%
and 40.4% for Ery on-farm and at slaughter respectively). Resistance against ciprofloxacin was
detected in C. coli isolates from on-farm specimens from both the conventional (2.8%) and ABF
(0.6%) herds (total n=17). All the ciprofloxacin resistant isolates were also resistant to nalidixic acid
as expected. Overall, we observed 19 different resistance patterns exhibited by 1152 (78.9%) of
the isolates. Ery Tet was the most common resistance pattern. This pattern was common regard-
less of the type of production system: the conventional and ABF production systems.

Discussion Campylobacter has been reported from pigs on farm and from pig carcasses in
slaughter plants in studies conducted on conventional herds. However, there is paucity of infor-
mation on the prevalence and antimicrobial resistance of this pathogen in the ABF swine farms.
Higher prevalence of C. coli has been reported from pigs in conventional system ranging from
57.8% in newborn piglets to 100% in pigs (Saenz et al., 2000; Young et al., 2000). We found high
prevalence of C. coli in ABF as well as conventional herds. This finding further emphasizes the
importance of pigs as reservoirs of this species regardless of antimicrobial use status in the pro-
duction environment. Antimicrobial resistance was most commonly found against tetracycline and
erythromycin similar to reported by other studies. There was a significant difference in resistance
to these antimicrobials between the two production systems. Higher frequency of resistance was
detected in conventional herds than the ABF. Though the frequency of resistance for these two
antimicrobials was relatively lower in ABF herds, high proportion of the isolates from the ABF
herds, however, were resistant to both tetracycline and erythromycin (56.2% and 36.6% for Tet
and 34.5% and 40.4% for Ery on-farm and at slaughter respectively). Resistance to ciprofloxacin
was detected from on-farm specimens in both conventional and ABF herds at low frequency.

Conclusions The high frequency of resistance to tetracycline and erythromycin in both production
systems may have important implications including the fact that in the absence of antimicrobial
selective pressure, resistant strains could persist regardless of the status of antimicrobial use.
Some of the reasons for persistence of resistant strains in ABF herds could be co-selection of
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antimicrobial resistance with other phenotypes. The finding of resistance to ciprofloxacin (fluoro-
quinolone) in any of the swine herds is concerning since this antimicrobial is not used in swine
production and remains among the leading antimicrobials for invasive infections in humans. As
this class of antimicrobials is not used in swine production and therapy in the U.S., the findings
underscore the importance of risk factors other than direct antimicrobial use.
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Abstract The objective of this study was to evaluate the effect of stringent cleaning and subthera-
peutic chlortetracycline (CTC) on Salmonella enterica (SE) prevalence in market age swine.
Twenty-four finisher barns from one farm were enrolled in a 2X2 factorial study design.
Treatments included 1) assignment to a “stringent” or standard cleaning protocol and 2) inclusion
of 50g of CTC/ton of feed or no feed antimicrobials. Barn swab samples were obtained pre- and
post-cleaning for SE detection. Post-cleaning aerobic plate counts (APC) were collected. Feces
were collected to determine SE prevalence pre-market. The stringent cleaning protocol resulted in
decreased mean APC post-cleaning, but there was no difference in isolation of SE from the barn
environment between cleaning protocols.  Pigs housed in barns that received CTC had decreased
odds of being SE positive, but there was no difference in the odds of a pig being SE positive
between cleaning protocols. 

Introduction Contamination of the barn environment with Salmonella enterica (SE) has been sug-
gested to be an important risk factor for SE infection in swine. All-in, all-out production practices
with cleaning and disinfection between groups is often utilized to aid in the control of production
impairing illnesses in swine. However, the effectiveness of these practices on the prevalence of
SE is not clear.  Relatively high SE prevalence has been reported on US farms that utilize all-in, all-
out pig flow with cleaning and disinfection between groups.(Davies et al., 1998; Davies et al.,
1997; Funk et al., 2001; Funk and Gebreyes, 2004) 

Subtherapeutic antimicrobial use, in particular for the purpose of growth promotion, is under
increasing scrutiny regarding its contribution to antimicrobial resistance in human pathogens. It is
currently unclear what the effect of subtherapeutic antimicrobial use has on the prevalence of SE.
Few on-farm clinical trials evaluating the effect of subtherapeutic antimicrobials on SE prevalence
have been conducted. Previous research regarding SE shedding and antimicrobial resistance sub-
sequent to antimicrobial therapy have been conducted in laboratory facilities involving experimen-
tal infection with S. enterica (Abou-Youssef et al., 1979; Baggesen et al., 1999; Dealy and Moeller,
1976; Delsol et al., 2003; Ebner and Mathew, 2000; Evangelisti et al., 1975; Girard et al., 1976;
Gutzmann et al., 1976; Jacks et al., 1988; Jones et al., 1983; Mathew et al., 2002; Wilcock and
Olander, 1978; Williams et al., 1978). The goal of this study is to determine the effect of stringent
cleaning and the use of subtherapeutic CTC on the prevalence of SE in market ready swine. 

Materials and Methods One production company with 24 finisher barns at six different produc-
tion sites (4 barns per site) was selected. Entry criteria was willingness to participate and proximi-
ty to the laboratory as substantial investment in travel and labor were required.  The study was a
2X2 factorial design. Treatments included 1) assignment to a “stringent” or standard cleaning pro-
tocol and 2) inclusion of 50g of CTC/ton of feed or no feed antimicrobials. 

Prior to the cleaning of any barns 30 environmental swabs were taken to get a baseline of SE
contamination in the environment. These samples were taken using a 4x4 swab that was mois-
tened in 30ml of buffered peptone water (BPW). The samples originated from surfaces through-
out the barn including; gates, feeders, waters, overhead pipes and air vents, fans, the floor and
the entry door. Samples were transported to the lab on ice and cultured for SE using standard
methods. Briefly, 100ml of BPW was added to each sample and incubated at 37°C for 18-24
hours. Following incubation 100µl was transferred to 9.9ml of Rappaport-Vassiliadis Broth (RV) and
incubated at 42°C for 18-24 hours. Finally samples were struck onto XLT-4 agar and compared to
control strains. The suspected positive samples were confirmed using Triple Sugar Iron agar slants
and urea broth incubated at 37°C for 18-24 hours. 

Following the environmental sampling barns were then cleaned according to their randomly
assigned protocol. The standard protocol, which was conducted by the farm personnel, included a
cold water soak, followed by cold water pressure wash (2500 psi), and ended with the application
of Virkon®-S applied using the pressure washer. The farm personnel estimated that the standard
protocol required a single person 12-13 hours to complete. 

The stringent protocol, conducted by laboratory personnel, started with the same cold water
soak, which was then followed with a hot water (180-190°F) high pressure wash (4000 psi). Barn
equipment such as gates, feeders, and waters were hand scrubbed during this same time period
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using boot brushes. After the completion of the pressure wash and hand scrubbing the barn was
rinsed with cold water, and Virkon®-S was applied using a low pressure applicator. After drying,
Virkon®-S was applied to the barn environment by thermal fogging. The stringent protocol required
3 people approximately 12 hours to complete. 

After the cleaning and disinfecting of the barns was complete 30 environmental samples were
taken in an identical fashion to those taken prior to cleaning. Also to determine the bacterial load
post-cleaning 15 RODAC® contact plates containing D/E Neutralizing agar were collected and incu-
bated overnight at 37°C. 

Pre-harvest 96-10 gram fecal samples were collected from each barn and cultured for SE
using standard methods. Briefly, 90 ml of Tetrathionate broth (TTB) was added to each 10g fecal
sample and incubated at 37°C for 48 hours.  Following incubation 100µl was transferred to 9.9ml
of RV and incubated at 42°C for 18-24 hours, then struck onto XLT-4 and suspect colonies were
confirmed using TSI and urea broth. All suspect SE were sent to National Veterinary Service
Laboratory (NVSL) for serotyping. The producer involved in the study kept records for average
daily gain, feed efficiency, and mortality rates. This data was provided for analysis upon comple-
tion of the study.  

Comparison of the SE prevalence on barn swabs, APC between cleaning protocols and com-
parisons between production parameters were conducted using the x2 test.  To evaluate the
effect of chlortetracycline and cleaning protocols on SE prevalence, a multilevel logistic regression
model was constructed (MLwiN, v. 2.1a) with an individual pig’s SE status as the dependent vari-
able and the cleaning and chlortetracycline treatments as fixed independent variables.  For the
variance structure, the lowest level was pig, the second level was barn, and the third level was
site. 

Results Environmental SE contamination and APC:  For the standard protocol, 3 of 12 barns and
4.7% of environmental swabs were positive for SE prior to cleaning. For the stringent protocol, 2
of 12 barns and 0.57% of all swabs were SE positive pre-cleaning for the stringent protocol. Post
cleaning, 0.27% were positive in barns cleaned using the standard protocol and 0.87% of swabs
were positive in barns cleaned using the stringent protocol. All SE isolates from the environmen-
tal samples were serovar Typhimurium var Copenhagen.  There was no significant difference in
the SE isolation rate from environmental swabs between cleaning protocols. There was a signifi-
cant decrease in the APC for barns cleaned using the “stringent” protocol as compared to the
standard protocol (p<.001) with a median values of 24 cfu/cm2 and 176 cfu/cm2 respectively. 

Pre-harvest SE prevalence:  The overall prevalence of SE was 3.6%. Five of the 6 sites (83.3%)
and 13 of 24 barns (54.2%) had at least one SE positive pig. Prevalence in SE positive barns ranged
from 1% to 31.3%. Pigs fed chlortetracycline were at a decreased risk (OR 0.29, 95% CI 0.12-0.67)
to be SE positive as compared to barns that did not receive chlortetracycline. There was no associa-
tion (OR 0.70, 95% CI 0.29-1.67) between cleaning protocol and SE status of a pig. The distribution
of the model variance was such that most of the variance was associated with pig level variance
(57%), with the barn level contributing 10% of the variance and the site contributing 33% of the
variance of the odds of being SE positive. The serovars of SE isolated from fecal samples were
Infantis (68 isolates), Seftenberg (2 isolates), and Alachua (2 isolates).

No differences in production parameters (average daily gain, feed efficiency and mortality)
were identified between treatments (cleaning or CTC inclusion in the diet).

Discussion Successful control of SE on swine farms is likely to require multiple interventions,
which results in a great difficulty in conducting field trials to evaluate the benefits of individual
potential interventions. In this study the barns that were cleaned by the stringent protocol did pro-
vide a cleaner environment for the pigs to enter into, as indicated by aerobic plate counts, but
there was no difference in the isolation of SE. Interestingly the serovars of SE identified in the
pigs pre-harvest were not the same as those serovars isolated from the environment prior to pig
placement. This would suggest that the SE shed at the time of marketing were introduced from a
source other than the barn environment at placement.  There was also no difference in production
efficiency that would be required to justify the additional cost of equipment and the additional
labor needed to implement the stringent cleaning protocol.

A previous study from our laboratory found no effect of subtherapeutic CTC on SE prevalence
in growing swine (Funk et al., 2003). One potential explanation for this discrepancy is method-
ological, as a greater fecal sample weight was used for culture in this study, which may have
increased the sensitivity for detection sufficiently to allow discernment of a difference in preva-
lence.  Another may be farm specificity of the effect, as the trials were conducted on different
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farms than the one included in this study.  Nonetheless, these results present a challenge for
evaluation of the potential benefits and risks posed by the use of subtherapeutic antimicrobials.  

Conclusion Although a “stringent” cleaning and disinfection protocol may provide a cleaner envi-
ronment, this increased effort in both labor and equipment costs did not result in a benefit for SE
prevalence or growth performance over standard cleaning protocols. This would suggest that at
least for this farm, a greater investment in barn cleaning using the “stringent” protocol described
in this study over the current standard procedures is not warranted.  The decreased prevalence
associated with subtherapeutic CTC is to the best of our knowledge this first report of decreased
SE prevalence associated with growth promotant doses of CTC in on-farm trials, and is in dis-
agreement with a previous study from our group.  This may suggest that the effect of sub-thera-
peutic CTC ion SE prevalence may be farm specific.  
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Abstract The objective of this study was to evaluate the effect of stocking density and subthera-
peutic chlortetracycline on Salmonella prevalence in swine. From one farm, four finisher barns
with eight pens per barn were selected for entry into the study.  Two barns received subtherapeu-
tic chlortetracycline in the diet, and 2 rooms received the same diet without antimicrobials.
Within each barn, alternate pens were assigned to high or low stocking density. Overall 6% of all
fecal samples were positive. Salmonella was cultured from all barns. Of the 30 pens included in
the study, 21 (70%) were positive at least once. Preliminary data suggests that there was no dif-
ference in the proportion of pen samples positive or the odds of a pen to be positive associated
with stocking density. There were increased overall proportion of positive samples and increased
odds of a pen to be Salmonella positive if it was in a barn that received chlortetracycline.  

Introduction Animal stocking density has been proposed as a potential risk factor for Salmonella
shedding in swine. Stocking density has known impacts on growth performance in swine(Hyun
and Ellis, 2001; Hyun et al., 1998), but data regarding animal density and marketing group as risk
factors for shedding of salmonellae are sparse. In a study of US swine, groups of finisher pigs cat-
egorized as having high Salmonella prevalence were more likely to be stocked at higher pig densi-
ties (ie, less space allowance per pig) at the time of sampling, compared to low prevalence
groups.(Funk et al., 2001) The association with stocking density itself was unclear, as the variation
at the time of finisher sampling was accounted for by the number of pigs that had been marketed
prior to sampling. Linton et al. (1970) identified higher prevalence of infection in pens with higher
pig density, but this result was not confirmed on subsequent sampling in the same herd. 

Subtherapeutic antimicrobial use, in particular for the purpose of growth promotion, is under
increasing scrutiny regarding its contribution to antimicrobial resistance in human pathogens. It is
currently unclear what the effect of subtherapeutic antimicrobial use has on the prevalence of
Salmonella. Few on-farm clinical trials evaluating the effect of subtherapeutic antimicrobials on
Salmonella prevalence have been conducted.  

The objective of this study was to evaluate the effect of group size/stocking density and sub-
therapeutic chlortetracycline on Salmonella prevalence in swine.

Materials and Methods One farrow to finish swine herd was recruited for the study. Inclusion
criteria were all-in, all-out pig flow, history of Salmonella isolation from the farm, and willingness
to alter antimicrobial inclusion in the diet and stocking density of the finisher phase. Four finisher
barns that were placed weekly were included in the study. Each barn contained eight pens. Two
of the barns (placed on weeks one and three of the study) received 50g/ton of chlortetracycline in
the ration. The other 2 barns (placed on weeks 2 and 4) received no antimicrobials in the feed.  In
each barn, alternate pens were assigned to either high group size/stocking density (targeted at 31
pigs per pen, ~6.5 ft2/pig) or low group size/stocking density (targeted at 25 pigs per pen, ~8.0
ft2/pig.). Pigs were placed in the finisher barns at approximately 10 weeks of age and for each
room of pigs the study was conducted for 6 weeks.  

Every week, 10 individual fresh fecal samples (~10g each) were collected from the floors of each
pen (a total of 80 per room). Fecal samples were cultured by a standard protocol. Briefly, samples
were transported to the laboratory at ambient temperature and stored at 4°C overnight and cultured
the next day.  For each sample, 10g 6 2g of feces were weighed and diluted in 90 ml of tetrathion-
ate broth (TTB) and incubated at 37°C for 48 hours. 100µl of the incubated TTB mixture was inocu-
lated into 10 ml of Rappaport Vassiliadis broth (RV) and incubated at 42°C for 24 hours.  A loopful (10
µl) was then struck onto Xylose Lysine Tergitopl 4 agar (XLT4) and incubated at 37°C overnight.
Colonies with morphology typical of Salmonella were then tested with biochemical tests and sub-
mitted to the National Veterinary Services Laboratory, Ames, IA for serotyping.  

The proportion of positive samples was calculated for each pen weekly.   A preliminary com-
parison of the overall prevalence of positive samples between treatment groups was estimated
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using the Wilcoxon Signed Rank test for each treatment (CTC inclusion or stocking density) indi-
vidually.  A multilevel logistic regression model (MLwiN v 2.1) was constructed to evaluate the
association between pen status and treatments (CTC or stocking density). The dependent variable
was Salmonella status of a pen (yes/no). For the variance structure pen, week and barn were des-
ignated levels to account for data clustering.  Pending analysis includes a multilevel logistic model
to assess the association between individual sample status and treatments (stocking density and
chlortetracycline).

Results A total of 1800 fecal samples (30 pens x 10 samples/pen x 6 weeks of sampling) were
collected. Thirty–two pens were targeted for inclusion, but 2 pens were removed as a result of
early sales. Overall, 108 (6%) of fecal samples were positive. Salmonella was isolated in all barns,
and of the 30 pens sampled, 21 (70%) were positive at least once during the six week period.
Pen level prevalence ranged form 0 to 50%.  

Preliminary data analyses suggest that there is no association between Salmonella status
(overall sample prevalence) or pen Salmonella status) and stocking density. Conversely barns that
received subtherapeutic chlortetracycline had an increased overall proportion of positive fecal
samples (p=0.006), and an increased odds of a pen to be positive (OR 6.45, 95% CI 2.49-16.99)
as compared to those samples from pigs not receiving antimicrobials in the diet.  Analyses based
on individual sample status are pending.

Discussion These preliminary results suggest that at least in the early finisher phase, there is no
impact of the group sizes/stocking densities evaluated in this trial and Salmonella shedding. It is
uncertain if the trial had continued until marketing whether this trend would have been main-
tained, as the pigs would have grown sufficiently to far surpass recommended space allowance
guidelines. Further analyses of the data are pending.

The increased Salmonella shedding in pigs that received sub-therapeutic chlortetracycline is in
disagreement with previous clinical trials from our laboratory that suggest no difference (Funk et
al, unpublished data) or decreased prevalence (Mack and Funk, SafePork 2005). The discordant
results from clinical trials conducted on different farms may suggest that the effect of subthera-
peutic chlortetracycline on Salmonella shedding may be farm specific, and potentially dependent
upon the resident Salmonella strain. Serotyping and antimicrobial resistance data from this work
is pending, and may shed light on the associated increase in Salmonella prevalence. This lack of
concordance in the data may also suggest that the “true” effect is null, which warrants larger
scale, multi-farm assessments of the association between inclusion of subtherapeutic chlortetra-
cycline in swine diets and Salmonella shedding in swine.

Conclusions Preliminary data suggest that there is no association between the group sizes/stocking
densities evaluated in this study and Salmonella shedding. There was an increased risk of
Salmonella shedding in pigs that received subtherapeutic chlortetracycline in the diet, which is in dis-
agreement with previous results from our lab and therefore warrants cautious interpretation when
considering the risk of subtherapeutic antimicrobials for Salmonella shedding in market swine.
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Abstract The ability of a commercial starter culture to perform a sausage fermentation was evalu-
ated by culture –dependent and –independent methods. The starter culture, as well as the sausage
during fermentation, was sampled and strains of lactic acid bacteria (LAB) and coagulase negative
cocci (CNC) were isolated. After identification it was determined that Lactobacillus plantarum, con-
tained in the inoculated starter, was the main LAB representative that conducted the transforma-
tion, while Staphylococcus xylosus, not declared in the label of the starter culture, was able to col-
onize the sausages studied. Molecular characterization of isolated Lb. plantarum and S. xylosus
highlighted that the commercial mix contained several strains of the same species, and their
behavior during the fermentation was different. Analysis of the nucleic acids extracted directly from
the sausages confirmed the performance of Lb. plantarum, which was present and active through-
out the fermentation, and highlighted the contribution of Lactobacillus curvatus.

Introduction For fermented sausage production, the starter cultures are represented by mixtures
of lactic acid bacteria (LAB) and coagulase-negative cocci (CNC). LAB are the main population
responsible for the pH drop, followed by a second step in which CNC are neutralizing the organic
acids produced by LAB, through production of peptides and aminoacids from their proteolytic
activity. In addition, CNC are able to induce the release of various aromatic substances due to
their capability to produce lipases (Montel et al., 1996). 

Recently, direct amplification of DNA and RNA by polymerase chain reaction (PCR) followed by
denaturing gradient gel electrophoresis (DGGE) (Muyzer et al., 1993) showed very good applicabil-
ity in monitoring the microbial ecology of Italian fermented sausages (Cocolin et al., 2001;
Rantsiou et al., 2005). 

In this paper we wanted to validate the use of a commercial starter for the production of fer-
mented sausages by molecular methods. DGGE was used to analyze PCR and RT-PCR products
obtained from DNA and RNA extracted directly from the sample to monitor the bacterial dynam-
ics during transformation. Moreover, LAB and CNC were isolated both from the starter culture
and during fermentation and subsequently subjected to RAPD analysis to understand if the
strains inoculated were able to conduct the fermentation process considered in the study.

Materials and Methods Fermented sausages were prepared in a local meat factory using tradi-
tional techniques as previously described (Comi et al., 2005) and inoculated with 20 g starter cul-
ture containing S. carnosus and Lb. plantarum (Biostart SL1-200, Wiesby GMBH Co., Niebull,
Germany). The ripening was conducted for 28 days. The fermented sausages were analyzed in
triplicates at 0, 3, 5, 7, 14 and 28 days. 

Potentiometric measurements of pH were made using a pin electrode of a pH-meter
(Radiometer Copenhagen pH M82, Cecchinato, Italy). 

The starter culture (20 g), of the same batch that was used in the production followed, was
resuspended in 200 ml sterile water and left at room temperature for 30 min and serial dilutions
were prepared in saline/peptone water (8 g/l NaCl, 1 g/l bacteriological peptone, Oxoid, Milan, Italy)
and analyzed on MRS agar (Oxoid) incubated with a double layer at 30°C for 48 h and on Mannitol
Salt Agar (MSA, Oxoid) incubated at 30°C for 48 h. Fifteen colonies of LAB were isolated from
MRS agar and the same number of CNC were selected from MSA agar. The fermented sausages
were analyzed to monitor the dynamic changes in the populations responsible for the ripening of
fermented sausages, as well as their hygienic quality. In particular, 25 g of each sample were trans-
ferred into a sterile stomacher bag and 225 ml of saline/peptone water were added and mixed for
1 min and 30 s in a Stomacher machine (PBI, Italy). Further decimal dilutions were made and the
following analyses were carried out on duplicate agar plates: a) total bacterial count (TBC) on
Gelisate Agar (Oxoid) incubated for 48–72 h at 30°C; b) LAB on MRS agar; c) CNC on MSA (Oxoid);
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d) total enterobacteria and Escherichia coli on Coli-ID medium (Biomerieux, Rome, Italy) incubated
with a double layer at 37°C for 24-48 h; e) Staphylococcus aureus on Baird Parker medium (Oxoid)
with added egg yolk tellurite emulsion (Oxoid) incubated at 37°C for 24-48 h; g) yeasts and moulds
on Malt Extract Agar (Oxoid) supplemented with tetracycline (1 mg/ml, Sigma) incubated at 25°C
for 48-72h. For Listeria monocytogenes and Salmonella spp. the ISO/DIS methods (1990; 1991)
were applied. During fermentation, a total of 70 LAB strains, from MRS plates, and a total of 70
CNC strains, from MSA plates, were randomly selected. 

Isolated strains from the starter culture and the sausages were subjected to molecular identi-
fication by the use of species-specific PCR and DGGE analysis followed by 16S rRNA gene
sequencing as described elsewhere (Cocolin et al., 2001; Rantsiou et al., 2005).

DNA extraction from cultures was performed as suggested by Andrigetto et al. (2001) modi-
fied by using only lysozyme (50 mg/ml, Sigma, Milan, Italy) for the bacterial cell-wall digestion,
while DNA and RNA were extracted from the sausage sample employing the protocol developed
by Cocolin et al. (2004). 

Amplification of the nucleic acids extracted from the sausages was performed by using primers
P1 (5’- GCG GCG TGC CTA ATA CAT GC -3’), and P2 (5’- TTC CCC ACG CGT TAC TCA CC -3’) (Klijn
et al., 2001) as previously described (Cocolin et al., 2004). For DGGE analysis a denaturant gradient
from 40–60% was employed. Gels were subjected to a constant voltage of 130V for 3.5 h at 60°C.
After staining in 1X SYBR Green, final concentration (Molecular Probes, Eugene, OR) they were
visualized under UV light, digitally captured and analyzed by using the BioImaging System
GeneGenius (SynGene, Cambridge, United Kingdom) for the recognition of the bands present.

One hundred ng of the DNA extracted from isolated LAB and CNC strains were subjected to
RAPD-PCR using primer M13 (5’- GAG GGT GGC GGT TCT –3’) as previously reported
(Andrighetto et al., 2001). The pattern analysis software package, Gel Compare, Version 4.1
(Applied Maths, Kortrijk, Belgium) was used for the analysis. Isolated strains were subjected to
RAPD-PCR analysis at least twice.

Results LAB populations reached counts of about 107 colony forming unit (cfu)/g already at 3
days. On day 7, the maximum count of 108–109 cfu/ml was reached and remained stable until the
end of the period followed. Yeasts were characterized by an increase of 3 to 4 orders of magni-
tude: from less than 100 cfu/g at day zero, they increased to 103–104 cfu/g at 3 days. TBC and
enterobacteria showed an increase during the first days of fermentation, as well. Moulds were
<100 cfu/g throughout the fermentation, and S. aureus. L. monocytogenes and Salmonella spp.
were always absent in 25 g of the product in all the samplings performed. The pH was character-
ized by a steep drop from day zero to day 5, with a decrease of about 0.5 units. From day 5, it
started to increase and at the end of the fermentation reached final values of about 5.7–5.8.

LAB dynamics were characterized already from day zero by a strong influence of Lb. plan-
tarum. Concerning the Staphylococcus spp. ecology, it was characterized by a population switch
between day zero and day 3. At zero days different species were isolated, with S. pasteuri being
the main population present. At day 3, a strong presence of S. xylosus was observed, and this
picture was repeated also at the other sampling points. 

Lb. plantarum and S. xylosus were subjected to RAPD analysis with primer M13. A coefficient
of similarity of 70% was selected for Lb. plantarum, while 80% was used for the Staphylococcus
spp. A total of 64 Lb. plantarum strains (Figure 1A) were grouped in three clusters and only strain
L3, isolated from the starter culture constituted a single-strain cluster. Cluster II grouped almost
all of the isolates, while cluster I and cluster III included only 10 and 3 strains, respectively. A big-
ger biodiversity within the strains identified as S. xylosus was observed when cluster analysis
was performed (Figure 1B). The 57 strains were grouped in 8 clusters and 8 single-strain clusters.
The number of the strains grouped was always limited apart from cluster IV, which included 27
strains. Clusters II and VII were both formed by 7 strains, whereas the rest of the clusters had
only 2 strains.

The profiles obtained by direct PCR-DGGE and RT-PCR-DGGE analyses are presented in Figure
2. The main differences were detected at zero days. At DNA level, two bands, A and B (lane 2)
were detected and identified as Staphylococcus sciuri/pulvereri and Staphylococcus equorum/suc-
cinicus, respectively, while from the RNA two bands resulted to be represented by Lb. plantarum
(band J) and S. xylosus (band K). Band L was sequenced and identified as Bacillus spp. After day
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zero, the DGGE profiles became very similar at both DNA and RNA level. Two bands were repeat-
edly cut and sequenced and they always resulted as Lb.plantarum and Lb. curvatus. Moreover,
another band was present in the RNA profile at day 3 (band M, lane 13) After sequencing, it was
defined to be Lb. sakei. The DGGE profiles showed also other bands (C and D, Figure 2, lane 3),
which resulted to be heteroduplex after amplification and DGGE analysis of the cut bands.

Discussion Only a few studies have exploited molecular methods to assess the capability of
selected strains to carry out sausage fermentations. Garriga et al. (1996) studied the performance
of several lactobacilli strains isolated from naturally fermented sausages as starter cultures, and
their capability to dominate was determined by plasmid fingerprint. Moreover, Di Maria et al.
(2002) used pulsed-field gel electrophoresis (PFGE) and RAPD-PCR to monitor S. xylosus
DSM20266 added as starter during fermentation and ripening of “soppressata molisana”, a typical
Italian sausage.

The microbial trends showed a fast increase of the LAB populations, which provoked a drop in
the pH within the first five days of fermentation. This fact seemed to inhibit the growth of CNC, in
fact only at day 5 their counts started to increase significantly. The other populations monitored
showed a first increase in the counts, followed by a constant diminution of the numbers. 

Concerning the commercial starter culture used in this study, apart from Lb. plantarum and S.
carnosus that were declared in the label, a third population was present, represented by S. xylo-
sus. All the LAB strains isolated from the starter belonged to Lb. plantarum as declared, while the
15 strains of CNC were identified as S. carnosus (9 isolates) and S. xylosus (6 isolates). S. xylosus
was the main species of Staphylococcus spp. isolated from the sausage throughout the period fol-
lowed, whereas S. carnosus, was detected at a significantly lower frequency. New information
became available when the results of the genetic characterization of the two main LAB and CNC
populations, respectively Lb. plantarum and S. xylosus, were obtained. The cluster analysis high-
lighted how within the species contained in the starter culture it was possible to distinguish strains
that grouped in different clusters and were characterized by different RAPD profiles. For Lb. plan-
tarum, it was possible to distinguish three distinct profiles but only one was able to conduct the
fermentation. A different picture was observed in the case of S. xylosus. The six isolates from the
starter culture were all grouped in cluster IV, apart from strain S5 that was unique. It is interesting
to notice that in cluster IV the strains from the starter culture grouped with strains isolated mainly
at 14 and 28 days, thereby highlighting their predominance only in the latter stages of the fermen-
tation. It is speculated that the different behavior of Lb. plantarum and S. xylosus is due to the pro-
duction procedure. In particular, it should be noted that, in the sausage mix, according to the
recipe, white wine is added. The ethanol of the wine represents a stress factor, especially for S.
xylosus, that results in slower growth for this organism compared to Lb. plantarum. Direct DNA
and RNA DGGE analysis revealed the contribution of another LAB species, Lb. curvatus, in the fer-
mentation. It is possible that Lb. curvatus was outnumbered by Lb. plantarum in the sausages and
could not be isolated by plating on MRS. Lastly, Lb. sakei was detected by direct analysis but,
based on the intensity and presence of the respective bands, its impact on the fermentation can
be considered marginal compared to Lb. curvatus and Lb. plantarum.

Conclusions The application of molecular methods allowed the study in detail of the dynamics of
the strains contained in the starter culture used in the production. It was determined that the
starter, declared in the label to contain Lb. plantarum and S. carnosus, had also S. xylosus.
Moreover, the starter culture was formed by a mixture of strains and especially for Lb. plantarum
different RAPD-types were determined. Among them only one was able to perform the fermenta-
tion process. The application of direct methods allowed the understanding of the contribution of
Lb. curvatus, only marginally isolated from the plates, but present throughout the fermentation at
both DNA and RNA level. The ability of the starter culture S. xylosus strains to carry out only the
second half of the fermentation is suggesting a need for a change in the production procedures
used in the processing plant.
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Figure 1. Cluster analysis of the profiles obtained from the Lactobacillus plantarum
(Panel A) and Staphylococcus xylosus (Panel B) strains isolated during the fermen-
tation of the sausages. Strains isolated from the starter culture are indicated with
a letter L and S, respectively, and marked with a black dot. Isolates from ferment-
ed sausages are identified by code, in which the first number represents the day
of isolation, the letter the code of the sample and second number, the progressive
number of isolation. Identified clusters are indicated with roman numerals.
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Figure 2. Bacterial DGGE profiles of the DNA (lanes 1 to 7) and RNA (lanes 11 to
17) extracted directly from the starter culture and the fermented sausages.
Lanes 1 and 11, starter culture envelope; lanes 2 and 12, day zero; lanes 3 and
13, 3 days of fermentation; lanes 4 and 14, 5 days of fermentation; lanes 5 and
15, 7 days of fermentation; lanes 6 and 16, 14 days of fermentation; lanes 7 and
17, 28 days of fermentation. Band in lanes 8, 9 and 10 were produced from S.
xylosus S4, S. carnosus S10 and Lb. plantarum L12, respectively, all isolated
from the starter culture and hereby representing migration controls. Bands indi-
cated by letters were excised and after reamplification, subjected to sequencing.
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SELECTION OF RECOMBINANT ANTIBODIES AGAINST
LAWSONIA INTRACELLULARIS
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Introduction Proliferative enteropathy, caused by the obligate intracellular bacterium Lawsonia
intracellularis (McOrist et al., 1995), is a widely distributed disease throughout the world causing
substantial economic loss. The diagnostics of the disease is complicated by limited value of sero-
logical surveys (Lawson et al., 1988; McOrist et al., 1992) as well as the fact that L. intracellularis
can only be cultured in cell cultures (Lawson et al., 1993). Thus the development of methods to
detect the agent in faecal samples is important for both diagnostic and epidemiological purposes.
The development of monoclonal antibodies for diagnostic purposes is labor intensive and time
consuming. This drawback can be eliminated by using recombinant antibodies selected by phage
display technology. This methodology has been used successfully to produce antibodies against a
variety of pathogens. The aim of this study was the selection of recombinant antibodies against
Lawsonia intracellularis.

Materials and Methods Selection of the phage display library. We used a Human Synthetic VH +
VL scFv (Griffin 1) Library from the Laboratory of Molecular Medicine, MRC, Cambridge. The
library is in a phagemid format that allows scFv can be expressed either on the surface of a bac-
terial virus or in an alternative E. coli host as a plasmid producing a soluble scFv. The scFv frag-
ments have a c-myc and a poly-histidine tag to facilitate detection and purification. The diversity of
the library is estimated to be 1.2x109 clones.

The selection was performed on bacterial cells coated as the antigen on the surface of glass
slides. The panning was performed with approximately 3x1012 phages. Unbound phages were
removed by washing and remaining bound phages were eluted by triethylamine. Exponentially
growing TG1 cells were infected by eluted phage particles, spread on 2xYT plates. After helper
phage infection (M13 K07 phage), phage supernatants were precipitated and reused for another
cycle of panning on the same antigen. In total, four rounds of panning were repeated. The enrich-
ment of specific phages in each round of selection was assessed by immunofluorescence.

Results At the end of the selection process, 5 phage clones with Lawsonia intracellularis reactivity
were isolated. When the DNAs coding for these 5 scFv antibodies were analyzed by DNA finger-
printing, two patterns were identified indicating that at least two independent clones were select-
ed. Both clones showed moderate values of kinetic equilibrium association constant and both were
able to bind bacterial cells in histological sections. Selected clones were further characterized by
sequencing and showed moderate values of the kinetic equilibrium association constant.

Conclusions We have selected first recombinant scFv antibodies recognizing one of the surface
proteins of Lawsonia intracellularis which could improve diagnostics of porcine proliferative enteritis.
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GENOTYPIC AND PHENOTYPIC CHARACTERIZATION OF
ENTERIC BACTERIA IN AN INTEGRATED POPULATION
OF SWINE AND HUMANS

R.B. Harvey1, H.M. Scott2,T.L. Poole1, M.E. Hume1, L.D. Highfield2*, W.Q., Alali2, R.C.
Anderson1, and D.J. Nisbet1

*1Food and Feed Safety Research Unit, SPARC, ARS, USDA, 2881 F&B Road, College Station, TX, 77845, USA, Ph: 979-260-
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Abstract In two longitudinal studies, we examined the transmission dynamics of antimicrobial
resistance (AMR) in an integrated, semi-closed population of humans and swine. A total of 1594
human and 1508 swine Escherichia coli (EC) and Enterococcus faecalis (EF) isolated from human
wastewater and swine fecal samples were tested for antimicrobial susceptibility, for the presence
of Class I integrons and gene cassettes that encode for AMR, and for the prevalence of van-
comycin-resistant Enterococcus faecium (VRE). We showed that swine EC and EF had a higher
prevalence of AMR than human isolates and that both swine and human EC had a low prevalence
of Class I integrons. We isolated a total of 50 VRE from human wastewater samples and no VRE
from swine samples. We concluded there was no apparent transfer of AMR from swine to human
or vice versa, and that VRE may be more prevalent in the environment than previously thought.

Introduction It is generally perceived by the medical community that antimicrobial resistance
(AMR) in human infections is a consequence of sub-therapeutic antibiotic usage in animal produc-
tion (Anderson, 1999). Because no definitive studies have determined this phenomenon, con-
trolled epidemiologic studies with stable human and animal populations are needed to identify the
transmission dynamics of AMR (Khachatourians, 1998). Scott et al., (2005) conducted a cross-sec-
tional study in a uniquely integrated population of humans and swine to begin to address this
need. Preliminary results suggested that occupational exposure of humans to swine did not
appear to be associated with the prevalence of AMR in commensal fecal Escherichia coli (EC).
The current study is a longitudinal continuation of the previous study in the same population
(Scott et al., 2005). The objective of this study was to generate data over a two year period on the
AMR phenotypic and genotypic profiles and potential AMR transmission dynamics of EC,
Enterococcus faecalis (EF), and E. faecium in a semi-closed population of swine and humans.  

Materials and Methods
Study Population The study design has been described (Scott et al., 2005; Campbell et al., 2005;
Poole et al., 2005). The study population was composed of humans and swine in a semi-closed
vertically integrated food system distributed over widely diverse geographical locations. There was
moderate movement of humans into the system, but little movement out of the system. There
was very little movement of swine (purebred breeding stock) into the system and no movement
of swine out of the system. For the first year, the human population sampled was 21,000 and the
swine sampled averaged about 45,000. During the second year, the representative human popu-
lation was 39,000, whereas the swine population numbered 52,000.
Bacteriology In the second year of the study, 987 human wastewater and 931composite swine
fecal samples were cultured for the presence of commensal EC by use of CHROMagar-E. coli
(DRG International, Mountainside, NJ) agar and confirmed as EC by API 20 test kits (API,
bioMerieux, Hazelwood, NJ). Swine and human samples were streaked onto m-Enterococcus
agar (Becton Dickinson, Sparks, MD) for EF isolations. API test kits were employed for species
identification. Swine and human samples were also streaked onto M-Enterococcus agar that con-
tained 20 µg vancomycin to screen for the presence of vancomycin-resistant E. faecium (VRE).
Suspect VRE were verified by use of API test kits and PCR.
Antibiotic Sensitivity Testing Minimum inhibitory concentrations of 16 and 19 antibiotics were
determined by use of a micro-broth test kit (Sensititre™, Trek, Inc., Cleveland, OH) that employed
antibiotic panels from the National Antimicrobial Resistance Monitoring System (NARMS).
Susceptibility testing was performed on 829 human and 857 swine EC, and 345 human and 279
swine EF isolates from the second year sampling.  EC isolates from the first year samples were pre-
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viously characterized for antibiotic sensitivity (Scott, et al., 2005) and were examined genotypically.
PCR Analysis From samples isolated the first year, PCR was run on a total of 729 EC (n=420
human, n=372 swine) to look for the presence of integrons and gene cassettes encoding for
AMR. Briefly, PCR was used to amplify the Class I integrase and subsequently any AMR gene
cassettes which may be inserted between the integron variable regions (5‘ conserved sequence
and the 3’ conserved sequence) as previously described (Levesque et al., 1995). DNA sequencing
of PCR products were submitted to the DNA Core Facility, Department of Veterinary Pathobiology,
Texas A&M University.  The BLAST program at the National Center for Biotechnology Information
(Altschul et al., 1997) was used to identify AMR gene cassettes. 
Pulsed Field Gel Electrophoresis (PFGE) Isolates that grew on vancomycin plates that were ver-
ified as E. faecium by API test kits and PCR were then subjected to PFGE to determine geno-
types. The PCR procedures for identification of E. faecium have been described (Jackson et al.,
2004) as well as techniques for PFGE analysis (Poole, 2001). 

Results A total of 23 human EC isolates from the first year of sampling were positive for the
Class I integrase, whereas 9 of these were positive for AMR gene cassettes. The remaining 14
had insertion of DNA into the integron (range 525-1000 bp); however, none had known resistance
genes from the Genbank database. Seven of 9 samples were positive for aadA gene, 3 of 9 were
positive for dfr, whereas ant-3 was present in one sample. These genes encode for resistance to
spectinomycin and streptomycin, trimethoprim, and spectinomcyin and streptomycin, respective-
ly. Of the swine isolates, 36 were positive for Class I integrase and five of these were positive for
the aadA gene, which confers resistance to spectinomycin and streptomycin. Although the
remaining 31 had DNA inserted into the integron (range 200-990 bp), none matched known resist-
ance genes in the database of Genbank.   

Of the human EC in the second year of sampling, 53% were pan susceptible, 26% were
singly resistant, 21% were resistant to 2 or more, and 8 (0.81%) were resistant to 5 or more
antimicrobials. When the human EF were examined, 3% were pan susceptible, 9% were singly
resistant, 88% were resistant to 2 or more, and 61 (6.2%) were resistant to 5 or more antimicro-
bials. Of the swine EC, 12% were pan susceptible, 37% were singly resistant, 51% were resist-
ant to 2 or more, and 20 (2.1%) were resistant to 5 or more antimicrobials. The swine EF had
none that were pan susceptible, 1% that was singly resistant, 99% resistant to 2 or more, and
159 (17.1%) that were resistant to 5 or more antimicrobials.

During the first two years of these studies, there were 50 VRE isolated from human waste-
water samples from multiple geographic locations. None of the swine fecal samples were posi-
tive for VRE, nor were any of the EF resistant to high levels of vancomycin. Forty-nine of the VRE
carried the vanA glycopeptide resistance gene cluster and one carried the vanB cluster.  There
were 23 separate genotypes, segregated into three groups (I, II, III) as determined by PFGE.
Fourteen of the PFGE types came from sites that had farms, and 7 came from non-farm sources.
All of our isolates had vancomycin resistance at >32 µg/ml, the majority were resistant to gen-
tamicin at >1024 µg/ml, but all were sensitive to quinupristin/dalfopristin at <1.0 µg/ml.  

Discussion The present paper is a preliminary report of two other studies that originated from
this longitudinal study and will be presented elsewhere (Campbell et al., 2005; Poole et al., 2005).
The initial report of the transmission dynamics of EC in swine and human populations for the first
year of sampling has been described (Scott et al., 2005).  

When looking for genetic factors associated with AMR in the present study, we found that
human EC isolates tended to have an integron-encoded AMR gene cassette when compared to
swine isolates, even though swine isolates were more likely to have a Class I integron than iso-
lates from humans. In this study, there was a low prevalence of Class I integrons and AMR gene
cassettes observed in both swine and human isolates, which contrasts with that seen in other
studies. In those studies, the majority of AMR genes in Gram-negative bacteria were located
within the Classs I integron (Winkobur et al., 2001; Leverstein-van Hall et al., 2002).  Similar to our
study, White et al., (2001) observed greater AMR in swine isolates than human isolates, but a
decreased prevalence of Class I integrons. Unlike that study, we found that swine had an
increased prevalence of Class I integrons compared to humans isolates, whereas human isolates
were more likely to have an AMR gene cassette present. In agreement with our study, those
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authors (White et al., 2001) found an 87% prevalence of aadA genes within the Class I integron,
while we observed a prevalence of 78% in human isolates and 100% in swine isolates.  We
hypothesize that the reduced prevalence of Class I integrons in our study could be because our
samples were environmental in nature and not clinically derived. It also possible that the preva-
lence of Class I integrons were underestimated because we used genomic DNA templates from
only those isolates we were able to culture.

In our study, AMR was greater in swine isolates than in human isolates and these results
agree with that observed for the first-year samples (Scott et al., 2005). For example, in the earlier
study, there were 50.4% pan-susceptible human EC isolates compared to 53% in the present
study. In the former study, 15% of human EC were resistant to 3 or more antibiotics compared to
21% that were resistant to 2 or more in the present study. In our study, swine EF were consider-
ably more resistant than human EF, particularly when we compare the resistance of human EF
(6.2%) to swine EF (17.1%) to 5 or more antimicrobials. Our study also agrees with that of White
et al., (2001) in which EC from humans, swine, cattle, and poultry were collected over a 24-year
period and swine EC isolates showed greater resistance than human isolates. In the present
study, we were unable to demonstrate evidence for transfer of resistance from swine to humans
or vice versa and these results mirror those of Scott et al., (2005).

The isolation of VRE (E. faecium) in the present study is believed to be the first environmental,
non-clinically associated isolation in the U.S. This is in contrast to that seen in European VRE. In
those countries, both E. faecalis and E. faecium isolates have been demonstrated as VRE and
have been isolated from wastewater, livestock, foods, and healthy humans (Klare et al., 2003;
Witte, 1998; Witte, 2000). In the U.S., VRE are an important source of nosocomial infections and
have been isolated primarily from hospitals and hospital wastewater (Coque et al., 1996; Harwood
et al., 2001). It is interesting to note in our study that out of a total of 50 isolates, only 10 were
associated with wastewater from 2 in-patient medical facilities. The remaining VRE were from
housing units of swine- and non-swine workers from geographical locations that ranged up to 200
km in distance from each other. Although some VRE genotypes suggested a clonal nature, most
isolates were genotypically distinct. We observed clonal VRE at separate geographic locations,
and distinctly different genotypes at the same location. We are at a loss to explain this dichotomy,
but theorize that on the basis of the large number of VRE isolated, the background level of VRE in
human populations is greater that previously perceived.

Conclusions Our preliminary results suggest that swine EC have a low prevalence of Class I inte-
grons, that human EC are more likely than swine EC to have a gene cassette present, that swine
EC and EF have increased AMR compared to human isolates, that there was no apparent AMR
transfer from swine to humans or vice versa, and that VRE may be more common in the environ-
ment that previously thought. Longitudinal studies in this population will continue until 2007, and we
will further characterize AMR by determining the prevalence of genetic factors that encode for AMR.  
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THE PROBLEM OF PEOPLE TENIARINHOS AND PIG
CYSTICERCOSIS IN UZBEKISTAN 

M. Aminjanov*, M. Israilov and A. Qaxxarov
Uzbek Veterinary Scientific-research Institute and Scientific Laboratory "Prophylactic", Samarkand city, Uzbekistan

Cysticercosis is a chronic zoonotic parasite disease of pigs. Inflammation is caused  when the
parasite infests tissues of swine. The larval stage of Taenia solium, a parasite in the small intes-
tine of humans, is the source of pig infection. Humans may be infected either by contaminated
pork or direct human contacts.  

Pigs are usually infected by Cysticercosis through eating helminths or proglottids that are
excreted by people suffering from this disease. They enter the animal’s body through water and
feed/fodder. In the case of mineral starvation, animals will eat their litter and lick the ground, and
thus become infected.

The proglottids of the parasite are compounded and produce huge numbers of eggs in the
stomach and intestinal tract of the host. Eggs penetrate the blood vessels and lymphatic system,
they run with the blood stream and lymph system to muscle, where eggs of taniarinhus begin to
evolve. They transform to Cysticercosis which contain papilla, embryos, proboscis of hamulus as a
result of their transformation in 2-4 months.

Immature forms of the parasite develop in livers, lungs and brain. Mature Cysticercosis are not
large: bladder-like cysts are small, 08-20 mm size, appear to be filled with clear liquid containing a
head which looks like a white ball. Cysticercosis remains viable no more 6 years in pigs.

After the death of the host animal, Cysticercosis dies in 2-3 weeks and in frozen meat at a tem-
perature of -10°C in 10-15 days; they die very fast at 70-80°C, moreover they die in 5 minutes at 48°C.

Broiling to an internal temperature of 100-110°C and heating sausage to an inner temperature
of 60-67°C causes the Cysticercosis to die in 1-1.5 hours.

People are infected by Taenia solium by eating pork which has not been thoroughly cooked,
including mincemeat, barbecue, and different kinds of fresh pork dishes. Larval forms are
exposed by gastric and intestinal juice in the gastrointestinal tract of person and with the help of
their hamulus attach to mucous membranes.  

Tapeworms reach puberty and evolve to maturity and limbs are defecated from the human
host in 70-90 days. One ill person can evolve 9-10 proglottids in a day. The parasite can produce
2,500 proglottids during the year. Over a period of years, one proglottid can produce 60,000 eggs
in the intestine.

Eggs of T. solium survive in the ground to a depth of 50-100 cm for 17-95 days in summer in
Uzbekistan but in cooler seasons can survive for 7-12 months. Most parasite eggs die when air
temperatures reach +40-50°C in July.

Eggs survive in water up to 31 days in depths of 0,5 m in spring, 85 days in summer, and 157
days in autumn but eggs inside of the proglottids survive for 214 days.

Humans are the only host of T. solium and consequently the source of the infection in pigs.
Workers at swine breeding farms are at more danger to spread pigs Cysticercosis. Therefore,
workers at swine breeding farms should be examined regularly by the Medical Institution.
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THE USAGE OF PORK THAT IS INFECTED BY
CYSTICERCOSIS WITHOUT FRIGID DECONTAMINATION

M. Aminjanov*, M. Israilov, A. Qaxxarov
Uzbek Veterinary Scientific-research Institute and Scientific Laboratory "Prophylactic", Samarkand City, Uzbekistan

Cysticercosis in pigs is not quite adverse in Uzbekistan. Most cases of infection of pigs come
from foreigners infected by Taenia solium. One way to eliminate Teniarinhus is to remove infected
pork from the diet. The parasite’s biological cycle will be interrupted and the problem of
Teniarinhus will be eliminated. Great attention must be paid to methods of decontamination of
pork that is infected by Cysticercosis to be successful in breaking this biological cycle.

Refrigeration, boiling, and salting are used to decontaminate pork. Decontamination of infect-
ed pork by boiling and salting changes the physical characteristics of fresh pork and causes eco-
nomic damage to the owner. Current practice discourages this usage. Refrigeration is currently
the preferred method of decontamination. According to existing rules of veterinary examination of
slaughtered animals and veterinary sanitary examination of meat and pork infected by
Cysticercosis. Meat must be refrigerated at -9°C. for at least 24 hours or to keep meat at -12°C.

These methods were checked by N. M. Samarov and A. S. Berezkin in 1972. They found that
these methods did not ensure the death of Cysticercosis parasites. Our work has shown that
refrigerators at swine breeding farms in Uzbekistan, must keep meat 5-6 hours to reach 6°C
inside the muscle. After such decontamination the pork can only be used to manufacture boiled
sausages. This method of treatment is always acceptable, unless sufficient time is not available
due to meat shortage or high demand. Additionally usage of this method is requires a large finan-
cial expenditure. We know that keeping pork refrigerated at low temperatures causes lower taste
and other useful qualities. Analysis of the existing rules for decontamination of pork infected by
Cysticercosis led to the conclusion that the methods below can be cost effective alternatives. 

We explored the process of decontaminating pork with production of smoked sausages. We
found that Cysticercosis were completely dead after boiling the sausage stuffing at a temperature
of 100 -110°C and an inside the sausage temperature of 70°C.

Based on these results we recommend:
1. Pork infected by Cysticercosis can be used to produce boiled and smoked sausages 

without preliminary refrigeration. Boiling time should 2 hours instead of 1 hour, at a 
temperature of 120°C instead of 100°C inside the container, and 80°C instead of 67°C 
inside the sausage.

2. Both interior and exterior fat need to boil.
3. Head and interior organs should be boiled in the same way as for production of 

liver sausage.
4. Pork that is infected with a generalized form of Cysticercosis:

* Meat, head and heart need to be decontaminated by boiling in a closed cauldron 
following the instructions for preparing 

The recommendeded measures should be carried out under the constant observation of the
employees of the veterinary service at the meat packing factory and slaughter items (there are
workshops for preparing sausage stuffings). The usage of Cysticercosis infected pork for produc-
tion sausage stuffing by the method above keeps its sterling taste, quality and eating characteris-
tics without the financial expenditure of refrigeration.  
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CHARACTERIZATION OF PORCINE S.TYPHIMURIUM
STRAINS ISOLATED IN THE STATE OF  RIO GRANDE DO
SUL, BRAZIL, BY PHAGE TYPING, ANTIMICROBIAL
RESISTANCE PROFILE, REP-PCR AND ERIC-PCR  

Marjo Cadó Bessa1, Alessandra Sella1, Jalusa Deon Kich2, Marisa Cardoso1*
*1Medicina Veterinária Preventiva,Universidade Federal do Rio Grande do Sul(UFRGS),Porto Alegre,Brazil. Email:

mcardoso@vortex.ufrgs.br. 2Embrapa-Centro Nacional de Suínos e Aves, Concórdia, SC, Brazil.

Abstract A collection of 96 S. Typhimurium porcine strains isolated in state of Rio Grande do Sul,
Brazil during 1999/2001 was submitted to phage typing, antimicrobial susceptibility test and rep-
PCR. DT 177 was the most frequent phage type identified. The antibiotic resistance profile
showed a high diversity even among strains from the same phage type. The rep-PCR profile was
highly conserved among  the strains isolated in this region.

Introduction Salmonella is an important food-borne pathogen that can be associated with pork
consumption (Davies, 2001). The investigation of phenotypic and molecular profiles is an impor-
tant step to the epidemiological characterization of Salmonella strains (Olsen et al., 1993). Among
the methods that have been used for this purpose, the phage typing and the antibiotic resistance
pattern have been adopted worldwide, often associated with molecular methods (Ang-Kuçuker et
al., 2000;Rahman,2002).The aim of this study was to characterize strains of S.Typhimurium isolat-
ed from pigs in Southern Brazil, using phage typing, antimicrobial resistance pattern and REP and
ERIC-PCR  profiles.

Materials and Methods Ninety six porcine strains os S. Typhimurium isolated between 1999 and
2001 were used in this study. Strains were isolated from submandibular lymph nodes, mesenteric
lymph nodes, tonsils and  intestinal content of healthy pigs slaughtered in three slaughterhouses
(I, II, III) located in the state of Rio Grande do Sul,  Brazil. Furthermore, strains isolated from pork
sausage samples, collected in slaughterhouse I, were also included in this study.The phage typing
was conducted at the Robert Koch Institut, Wernigerode Branch, Germany. Antimicrobial suscepti-
bility was tested according to the Guidelines of the National Committee for Clinical Laboratory
Standards (NCCLS,2001) for the disk method on Mueller-Hinton agar, using fourteen antimicro-
bials. Total DNA was prepared according to the method of Rademaker and Bruijn (1997). REP-PCR
and ERIC-PCR were conducted as previouly described by Versalovic et al. (1994).

Results Phage types DT 177 (49,0%), DT 194 (8,3%) and DT 193 (5,3%) were the most prevalent
among porcine strains. Twenty seven percent of the strains react with typing phages, but do not
confirm with any definitive phage types, and were called RDNC. In slaughterhouse II DT177 was
the only phage type detected among strains isolated in a two years period (Table 1). Among the
Typhimurium strains isolated, only two were sensible to all tested antibiotics. The porcine strains
showed resistance against tetracycline (91,7%), streptomycin (74%), sulphonamide (62,5%),
nalidixic acid (41,7%), chloramphenicol (35,4%), sulfamethoxazole-trimethoprim (31,2%), ampi-
cillin (25%), neomicin (10,4%), tobramycin (8,3%), gentamicin (7,3%), amikacin (2,1%), cefaclor
(2,1%). All strains were susceptible to ciprofloxacin and to amoxicillin/clavulanic acid. Only one fin-
gerprinting profile was obtained for each, ERIC-PCR and REP-PCR method.

Discussion In southern Brazil Salmonella Typhimurium has been isolated from pigs and pork
(Bessa et al.,2004; Castagna et al.,2004), pointing that Salmonella is an important food borne
pathogen in this region. Strains with a common phage type and antimicrobial resistance pattern
were found in the three slaughterhouses. The conserved phage type pattern found among strains
isolated over the time in the same slaughterhouse, could be associated with a common geo-
graphic location of finishing farms. However the pork production chain adopted in Brazil, where
finishing farms were engaged in vertically integrated systems with large companies that provide
genetics, feed and technical services, may also furnish common points in the Salmonella trans-
mission chain on farm and at slaughter. Our results suggest that ERIC-PCR and REP-PCR profiles
of Typhimurium strains isolated in southern Brazil are highly conserved. In other studies, REP-PCR
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and ERIC-PCR were considered acceptable for discriminating of Salmonella strains (Weigel et al.,
2001). Apparently, other molecular methods must be adopted for this purpose in southern Brazil. 

Conclusion The association of the phage typing and the antimicrobial resistance pattern achieved
a better discrimination than rep-PCR of S. Typhimurium strains isolated from pigs in Rio Grande do
Sul, Brazil.

Acknowledgement We thank Dr. W.Rabsch from Robert Koch Institut,  Wernigerode Branch,
Germany, for the phage typing of strains.
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Antibiotic resistance pattern§ # of
strains

Isolation
Year Phage types (DT)

Slaughterhouse I

SuStSmCmTeNeNa 1

2000

192

SuStSmTeApCmNe 1 177

SuStSmTeToApCmNe 1 177

SuSmTeGm 1 RDNC4’

SuStApTeGm 1 177

Te 3 68, 177, 194

None 1 99

Su 1 8

SuStCmSmTeToNaGm 1*

2001

193

SuStCmSmTeNa 2* 193(2)**

SuStSmApTeNa 1* 177

SmCmTeNaApCf 1* 193

SuSmTeNaGm 1 177

SuStSmTe 3 RDNC1’(3)

SuSmTeNa 3 177(2), RDNC1’(1)

SmCmTeNa 4 193, 177,  RDNC1’(2)

CmTeNa 1 177

SmTeTo 1 177

SmTeNa 6 177(4), RDNC1’(2)

SmCmTe 1 177

SuSmTe 9 RDNC2’(1), RDNC1’(7), 126A(1)

TeNa 1 177

StTe 1 177

SmTe 7 RDNC1’(4), RDNC2’(3)

SmNe 1 RDNC1’

None 1* S.sp.

Te 2 177, RDNC2’

Slaughterhouse II

SuStSmApTeNeToAmNaGmCmCf 1

1999

177

SuStCmApTeSmNa 5 177(5)

SuApSmTeToCm 1 177

SuStCmApNeSm 1 177

SuSmApTeCmNa 1 177

SuStCmSmTe 1 177

SuSmApTe 1 UT

SmApTeTo 1 177

SuStCmTeToApGmNaSm 1

2000

177

SuSmCmApTeToGmNa 1 177

SuStCmApSmTeNa 2 177(2)

SuStCmTeSmNe 1 177

SuSmApTeCmNa 1 177

SuApSmTeNa 4 177(4)

SuStCmTeNe 1 177

StCmAmTe 1 177

SuStCmTe 3 177(3)

Slaughterhouse III

SuStTeNaSm 1

2000

S.sp.

TeCmSmNa 1 177

SuSmTeNeNa 1 192

SuTeSm 2 194(2)

SuTeNe 1 194

SuTe 4 194(4)

Su 2 18, 177

Table1. Profiles and phage types of porcine Typhimurium isolated between 1999 and 2000 in three slaughter-
houses in Rio Grande do Sul, Brazil. §Am:, amikacin; Ap, ampicillin; Cf, cefaclor; Cm, chloramphenicol; Gm, gen-
tamicin; Na, nalidixic acid; Ne, neomycin; Sm, streptomycin; St, sulfamethoxazole-trimethoprim; Su, sulfonamide;
Te, tetracyclin; To, tobramycin. *Strains isolated from pork; **No. of strains belonging to the phage type
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AN EPIDEMIOLOGICAL SURVEY ON THE PREVALENCE
OF SALMONELLA IN SWINE IN CENTRAL ITALY

Chiara Magistrali*, Pina De Curtis, Marta Paniccià, Lucilla Cucco, Giovanni Pezzotti, Angelo
Foglini
Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche- via Salvemini,1 06126 Perugia- Italy. Tel. +39 75 3431; e-mail:
c.magistrali@pg.izs.it

Abstract The aim of the study was to evaluate the prevalence of Salmonella spp. in swine herds
in Italy. Samples of faeces from finishing swine farms, cecal contents and ileo-cecal lymphnodes
from pigs at slaughter were analysed for Salmonella. Samples of blood serum and meat juice
were collected from the same groups, and tested for antibodies against Salmonella O-antigens
with an ELISA test kit. 6.5% of faeces from finishing swine resulted positive, with 40% of the
groups showing at least one positive sample, while Salmonella was isolated from 28.5% of cecal
samples (85% of the groups) and 26.4% of lymph nodes (75% of the groups). The results of
serology showed positivity in 100% of the herds and 95% of groups at slaughter. S. Typhimurium,
S. Infantis, S. Derby were the most frequent isolated serotypes. The lowest frequencies of sus-
ceptibility were observed for tetracycline, sulfonamides, streptomycin and ampicillin.

Introduction The recent European Regulation, regarding the control of zoonosis in animal popula-
tions (Regulation CE 2160/2003 and Directive 2003/99), will require, in the next years, the imple-
mentation of monitoring programs for Salmonella in swine. From this the present study has been
carried out to preliminarily evaluate the presence of Salmonella spp. in swine in central Italy.
Finishing herds and groups at slaughter were considered in the investigation; within these, bacteri-
ological and serological tests (ELISA) have been carried out, to investigate the prevalence of infec-
tion, the Salmonella serotypes, and the antimicrobial resistance of the isolates. In addition, the
possible use of an ELISA test to detect antibodies against Salmonella has been also considered.

Materials and Methods 
Sampling Finishing herds and groups of pigs at slaughter have been included in the study. In
each farm, 5 samples of faces have been collected from each single box (maximum 20) and
pooled before bacteriological testing. In addition, 15 samples of serum have been collected at ran-
dom from the animals; 21 farm in central Italy have been tested, for a total number of 318 sera
and 328 pools of faeces.

In three different slaughterhouses, 20 groups of pigs, originating from different farms, have
been sampled. For each group, 15 pigs have been randomly selected to collect faeces and ileoce-
cal lymph nodes (295 samples); 10 grams of diaphragm have been also collected from the same
animals to obtain “meat juice” to be tested for antibodies in ELISA as described by Nielsen (1998).
Salmonella isolation and identification Routine procedures have been adopted for the isolation
of Salmonella from the samples. Briefly, the material has been pre-enriched in buffered peptone
water and incubated at 37°C for 20 hours. After incubation, the culture has been enriched in
Rappaport-Vassiliadis soy broth at 41,5°C for 24 hours and then plated onto Brilliant Green Agar
and Salmonella Chromogenic medium (Biolife). After incubation at 37°C for 24-48 hours, 3 sus-
pect colonies have been selected, to be further confirmed through biochemical testing (Quinn et
al., 1999) and serum agglutination using polyclonal antisera (Dade-Behring).

Salmonella strains have been serotyped using monoclonal antisera, according to the
Kauffmann-White scheme (Popoff and Le Minor, 1997; Popoff, 2001). The resistance of Salmonella
strains to several antimicrobials has been evaluated using the Kirby-Bauer agar diffusion test,
according to the M31-A2 NCCLS procedures (NCCLS 2002)
ELISA test The IDEXX  HerdChek® Swine Salmonella test kit has been used for the detection of
antibodies from serum and “meat juice”. As indicated by the supplier, a cut-off $10 % has been
adopted.

Results The results obtained in the present study, both in the farms and at the slaughterhouse,
are reported in table 1. The serotypes isolated in the farms were S. Typhimurium (7 farms),
Salmonella Group B O;4 H1:i H2:- (1), S. Derby (1), S. Infantis (1). 

At the abattoir, from the faeces S. Derby was the most frequently isolated serotype (11
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groups), followed by S. Typhimurium (7), S. London (3), S. Brandenburg (2), S. Rissen (2), S.
Bredeney (2), S. Give (1), S. Meleagridis (1) S. Manhattan (1), S. Arizonae (1). From the lymph
nodes the following serotypes have been isolated: S. Derby (11 groups), S. Typhimurium (10), S.
Bredeney (2), S. Muenchen (1), S. London (1), S. Give (1), S. Meleagridis (1), Salmonella Group B
(1), Rissen (1), Salmonella 4,5,12; i,-. 

The results of antimicrobiali susceptibility testing are summarised in Figure 1.

Discussion The present study demonstrated high prevalence of infection by Salmonella, shown
through bacteriological testing, in swine herds in Central Italy both at the farm level (42,5%) and
at slaughter (85%). ELISA testing, using a $10% cut-off level,  confirmed these results, moreover
showing higher levels of positivity both in herds (93,7%) and at the abattoir (95%). This could be
justified by previous contact of the animal with the microrganism, no more detectable at the time
of sampling. According to the results obtained at the abattoir, the cecal content seems to be a
more suitable sample for Salmonella detection compared to lymph nodes, giving a better view of
the infection status of the group. However, testing limphonodes remains a key element, in order
to detect serotypes involved in previous infections, different from the serotypes isolated from the
faeces, which could be linked to recent infection of pigs during transport or lairage before slaugh-
tering (Sorensen, 2004).

In the farms, S. Typhimurium appeared to be the most frequent serotype, while at the abattoir
S. Derby was mostly isolated from faeces and limphonodes, confirming the observations of other
Italian Authors (Decastelli, 2004; Bonardi, 2003). Both these serotypes have been also frequently
observed in outbreaks of human salmonellosis in Italy (Luzzi, 2004). 

With regard to the antimicrobial susceptibility of the isolates, it resulted low to streptomycin
(42%), sulfonamides (40,6%), tetraciclina (21.7%), trimethoprim (66,7%) ed ampicillina (71%). 
The occurrence of Salmonella strains resistant to these molecules has been widely reported in
Italy both in animals and humans, suggesting a possible role of the pigs as a reservoir of
Salmonella resistant strains for humans (Graziani, 2003; Busani, 2004; Dal Vecchio, 2004).

Conclusions The present study demonstrates the high prevalence of infection by Salmonella in
swine in Central Italy. Therefore there is a future need to better investigate the health status of
these animal populations and clarify the possible links between Salmonella infection in pigs and
outbreaks in humans. As required by EU regulation, in the next years every country will have to
implement monitoring programs for Salmonella in this species, both in farrow to finish and finish-
ing herds. The attention will have to be particularly focused on serotypes and antibiotic resistant
strains, relevant for human infection, and this investigation has been carried out to have a prelimi-
nary view in this topic. In addition, there is a need for individuating rapid and reliable laboratory
tests to be used in the field on a large scale; our experience shows that the ELISA test screening
on serum or “meat juice” could be helpful to accomplish such a task.
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Sample
# of samples (single animals) Herds/groups

Positive Negative Total Positive Negative Total

Herd
Faeces 32 (9,8%) 296 (90,2%) 328 9 (42.9%) 12 (57.1%) 21

Sera 109 (34,3%) 209 (75,7%) 318 15 (93.7%) 1 (6,3%) 16

Abattoir

Cecal contents 84 (28,5%) 211 (71,5%) 295 17 (85%) 3 (15%) 20

Lymph nodes 78 (26,4%) 217 (73,6%) 295 15 (75%) 5 (25%) 20

Meat juices 183 (64,2%) 102 (35,8%) 285 18 (95%) 1 (5%) 19
Table 1: Collected samples, tests carried out and results

Figure 1: % of susceptibility to antimicrobial agents. NAL: Nalidixic Acid, AMP: Ampicillin, CEF:
Cefotaxime, CIP: Ciprofloxacin, CLO: Chloramphenicol, GEN: Gentamicin, N: Neomycin, CL:
Colistin, KAN: Kanamycin, STR: Streptomycin, SUL: Sulphonamides, TET: Tetracyclin, TRI:
Trimethoprim, AMC: Amoxicillina+Clavulanic ac., ENR: Enrofloxacin, CF: Cephalothin.
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EXPERIMENTAL STUDY OF POSSIBLE INTERACTION
BETWEEN SALMONELLA ENTERICA AND ASCARIS
SUUM IN PIGS

Jaap Boes1*, Nina R. Steenhard2, Dorte Lau Baggesen3, Allan Roepstorff2

*1National Committee for Pig Production, Danish Bacon & Meat Council, Vinkelvej 11, DK-8620 Kjellerup, Denmark, Ph: 0045-
8771-4046, Email: jbo@danishmeat.dk; 2Danish Centre for Experimental Parasitology, Royal Veterinary and Agricultural
Univeristy, Dyrlægevej 100, DK-1870 Frederiksberg C, Denmark; 3Danish Institute for Food and Veterinary Research, Bülowsvej
27, DK-1790, Copenhagen, Denmark

Abstract An experimental inoculation study was performed to study possible interactions
between Salmonella enterica and Ascaris suum in pigs. Pigs were inoculated with 109 cfu
Salmonella Typhimurium, 10,000 infective A. suum eggs, or both, or left as uninfected controls.
There was no significant difference in number of Salmonella-excreting animals or Salmonella
excretion level in feces between pigs inoculated with Salmonella + Ascaris and pigs inoculated
with Salmonella only. Occurrence of Salmonella in liver, lungs, intestines or intestinal lymph nodes
was not different between these two groups either. Some effect was seen of Salmonella on num-
ber of white spots and liver pathology, compared to pigs inoculated with Ascaris only. Serological
results supported the bacteriological findings. No evidence was found that Ascaris infection exac-
erbates concomitant Salmonella infection in pigs.

Introduction Concomitant infections with different pathogens are very common in animals.
Domesticated animals such as pigs may harbor significantly fewer infections than their wild living
counterparts, but concurrent infections with bacteria, viruses and/or parasites are still quite fre-
quent. Concomitant infections have the potential to exacerbate each other, with possible detri-
mental effects for the infected animal. Of special interest are infections with zoonotic potential, as
their amplification by secondary infections may pose a food safety hazard.

In recent years, research has focused on possible interactions between bacteria and parasites
in pigs, in particular the capacity of parasitic infections to possibly exacerbate infections with
zoonotic bacteria such as Salmonella, Campylobacter and Escherichia coli. For example, Steenhard
et al (2002) found that infection with the nodular worm Oesophagostomum spp. increased and
prolonged excretion of Salmonella Typhimurium in pigs.

In Denmark, the most common parasitic worm in pigs is the roundworm Ascaris suum. In
contrast to the nodular worm, A. suum is more pathogenic for pigs, especially because this para-
site has a migratory phase through the intestines, liver and lungs of the pig. The lesions in these
organs caused by the larval migration may create increased opportunities for pathogenic bacteria
to enter the circulatory system of the host. Therefore, A. suum has the potential to exacerbate
Salmonella infection in pigs, which merited further study.

Firstly, a database investigation was performed, comparing the occurrence of Salmonella and
A. suum in finisher pigs at herd level. A significant association was found between the presence
of Salmonella (measured as positive meat juice samples) and the presence of A. suum (measured
as liver white spots at slaughter) at herd level (Boes and Enøe, 2003). However, there was no
quantitative association between the number of positive meat juice samples and the number of
livers with white spots within herds, nor was it possible to conclude if A. suum influenced
Salmonella or vice versa. It was therefore decided to carry out an experimental study of concur-
rent infection with Salmonella Typhimurium and A. suum in growing pigs. The aim of this study
was to investigate, if infection with A. suum would cause an increase of Salmonella in concomi-
tantly infected pigs.

Materials and Methods The study was performed as an experimental inoculation study. Growing
pigs weighing approx. 30 kg were purchased from a specific pathogen free farm in which no
Ascaris or Salmonella had been detected previously. The pigs were randomly assigned to one of
four experimental groups:

1) Inoculation with both Salmonella and Ascaris (n=21)
2) Inoculation with Salmonella only (n=21)
3) Inoculation with Ascaris only (n=8)
4) Non-inoculated pigs serving as controls (n=8)
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On day 0, pigs in groups 1 and 2 were inoculated with 109 cfu Salmonella Typhimurium DT12 and
pigs in groups 1 and 3 were inoculated with 10,000 infective A. suum eggs. Inoculation was per-
formed by oral gavage.

Excretion of Salmonella following inoculation was monitored semi-quantitatively by examining
fecal samples on day 1, 4, 7, 14, 21 and 28. Presence of Salmonella in organs was recorded quali-
tatively by necropsy of 2-3 pigs in each group on day 1, 4 and 7, respectively. The remaining pigs
were necropsied on day 28 and also examined for Salmonella. The organs examined on each
occasion were: liver, lungs, small intestinal wall, large intestinal wall, and cecal lymph nodes. On
day 4 and day 7, respectively, livers and lungs were also examined for migrating Ascaris larvae.
Liver white spots caused by migrating Ascaris larvae were recorded for all pigs at necropsy.

On day 0, 7, 14, 21 and 28, blood samples were collected from all pigs. Serum was examined
for antibodies against Salmonella enterica and A. suum using ELISA. Finally, pigs were weighed at
the start of the study and at necropsy.

Results The prevalence of Salmonella-positive fecal samples in pigs inoculated with Salmonella +
Ascaris and pigs inoculated with Salmonella only is shown in Figure 1. All but one pig excreted
Salmonella bacteria in their feces 24 hours after inoculation. From day 4 the number of positive
samples declined gradually, reaching a prevalence of 50% in pigs infected with Salmonella and
33% in pigs with concomitant infection four weeks post inoculation. However, the number of
Salmonella-positive samples was at no point significantly different between the two groups.

There was no significant difference in Salmonella excretion level between groups 1 and 2 at
any time following inoculation. On day 1, mean excretion levels were between 102 and 104 cfu/g
feces, while from day 4 to day 28 excretion declined to 102 cfu/g feces on average in pigs that
were still positive.

Salmonella was isolated from livers and lungs of a number of pigs from groups 1 (2 pigs) and
2 (8 pigs) during the first week following inoculation, but not on day 28. However, the limited
number of pigs necropsied on each occasion did not allow any statistical comparison. 

All pigs necropsied in groups 1 and 2 within the first week after inoculation were positive for
Salmonella in the intestinal lymph nodes as well as the small and large intestine. On day 28,
Salmonella was isolated from 83% of lymph nodes, 50% of small intestines and 58% of large
intestines, but no significant differences were found between the two groups.

Due to technical problems, Ascaris larvae from livers could not be enumerated on day 4. On
day 7, a mean number of 1,635 larvae was found in the lungs of pigs with concomitant infection,
compared to 1,628 larvae in pigs inoculated with A. suum only (group 3). This difference was not
significant. On day 28, A. suum worms were recovered from the intestinal contents of 83% of
pigs with concomitant infections, compared to 50% of pigs infected with A. suum only. However,
due to small group sizes this difference could not be tested statistically.

The number of white spots in livers due to migration of Ascaris larvae is shown in Figure 2.
The prevalence peaked on day 4, to decline gradually from day 7 to 28. There was no significant
difference in white spot prevalence between pigs with concomitant Salmonella + Ascaris infec-
tion and pigs infected with Ascaris only.

The ELISA results
showed no significant dif-
ferences in Salmonella
antibody response
between pigs inoculated
with Salmonella + Ascaris
and pigs inoculated with
Salmonella only. All pigs
in these groups had sero-
converted on day 14 after
inoculation and remained
seropositive during the
rest of the study period.
In contrast, the results of
the anti-Ascaris ELISA
showed higher antibody levels in pigs with
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Figure 1. Prevalence of Salmonella-positive fecal samples
in pigs inoculated with Salmonella + Ascaris (black bars)
and pigs inoculated with Salmonella only (grey bars).
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Salmonella + Ascaris infection, compared to pigs infected with Ascaris only. However, due to the
small number of pigs in group 3 this difference could not be tested statistically.

There was no difference in average daily gain between the experimental groups at any point
during the 4-week study period.

Discussion A previous study (Boes and Enøe, 2003) has shown a possible association between
Salmonella and Ascaris in pigs at herd level. Therefore, we carried out a study to clarify if such an
association could be reproduced experimentally. Our study did not yield conclusive evidence of
interaction between Salmonella and Ascaris in pigs. Neither the number of Salmonella-excreting
animals nor the excretion level in the feces was increased in pigs concomitantly infected with
Ascaris, despite the relatively high inoculation doses used. This suggests that, under normal cir-
cumstances, infection with A. suum in pigs is not likely to exacerbate concomitant Salmonella
infections. This is supported by the serological results, which showed no differences in antibody
response against Salmonella.

On the other hand, some of our results suggest that Salmonella may have an effect on A.
suum. Four weeks after inoculation, liver pathology was more severe and white spot numbers
slightly higher (though not significantly) in pigs with concomitant infections, compared to pigs
infected with Ascaris only. In addition, antibody levels directed against A. suum were higher in con-
comitantly infected pigs. This observation and its possible implications deserve further attention. 

Conclusions Concomitant infection with Salmonella and Ascaris:
< did not increase the number of Salmonella-excreting pigs
< did not increase the quantative level of excretion nor the duration of Salmonella in 

the feces of pigs
< did not increase the number of pigs with Salmonella in their internal organs
< did not evoke a stronger antibody response against Salmonella in infected pigs

REFERENCES
Boes, J. Enøe, C., 2003. Association between Ascaris suum and Salmonella enterica in finisher herds. Proceedings of the 5th
international symposium on the epidemiology and control of foodborne pathogens in pork. 1-4 October, Hersonissos, Greece:
237-238

Steenhard, N.R., Jensen, T.K., Baggesen, D.L., Roepstorff, A., Møller K., 2002. Excretion in feces and mucosal persistence of
Salmonella serovar Typhimurium in pigs subclinically infected with Oesophagostomum spp. Am J Vet Res 63:130-136

0

20

40

60

80

100

-7 1 4 7 14 21 28

0

100

200

300

400

1 4 7 28
Days post Inoculation

Days post Inoculation

%
Po

si
tiv

e
P

ig
s

M
ea

n
#

w
hi

te
sp

ot
s/

liv
er

Figure 2. The prevalence of liver white spots due to migration
of Ascaris larvae in pigs inoculated with Salmonella + Ascaris
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EFFECT OF CHLORTETRACYCLINE ON THE 
DISTRIBUTION OF RESISTANCE GENES

Kim Baskerville and Julie A. Funk* 
Department of Veterinary Preventive Medicine, College of Veterinary Medicine, The Ohio State University, Columbus, OH
43210.  Phone:  614-247-6635, Fax:  614-292-4142, Email:  funk.74@osu.edu

Abstract The objective of this study was to compare the distribution of tetracycline resistance
genes in the Gram-negative fecal flora between swine that were fed subtherapeutic chlortetracy-
cline as compared to pigs that did not receive in feed antimicrobials. Within each of 2 farms, 8 fin-
isher barns were temporarily matched in pairs based on pig placement dates. For each matched
pair, a barn was assigned to either treatment (50g chlortetracycline/ton of feed) or control. From
48 pigs per barn, 2 Gram negative colonies from the fecal flora were selected per pig for tetracy-
cline resistance gene detection. The isolates were assayed for tet (A), (B), (C), (D), (E), and (G). A
total of 88.7% of isolates (805/908) harboured at least one of the genes assayed. Overall, 35.3%,
59.9%, 0.9% of isolates were identified to harbour tet (A), (B), and (C), respectively. There were
no differences detected in tetracycline resistance genes distribution between treatments.

Introduction Previous investigators have suggested that antimicrobial use policies on farms
result in differential selection of tetracycline resistance genes in the bacterial flora (Bryan et al.,
2004; Lanz et al., 2003; Lee et al., 1993; Sunde et al., 1998). These studies were limited by sub-
jective measurements of general antimicrobial use (high or low use) or comparisons between dif-
ferent animal species. In none of the studies was tetracycline exposure evaluated. The objective
of this research was to conduct a controlled clinical trial to evaluate the effect of sub-therapeutic
chlortetracycline on the distribution of tetracycline resistance genes in the Gram-negative fecal
flora of swine.  

Materials and Methods Within each of 2 farms, treatments were assigned to temporally
matched finisher barn pairs based on pig placement dates. For each matched pair, a barn was
assigned to treatment (50g chlortetracycline/ton of feed) or control (no antibiotics in the feed). A
total of 8 barns were enrolled. Pigs were fed the diets from 10 weeks of age until 2 weeks pre-
market. Prior to withdrawal of chlortetracycline, fecal samples were collected from 48 individual
pigs per barn prior to slaughter. Matched barn pairs were sampled on the same day. Fecal sam-
ples were plated onto MacConkey agar and at least 2 isolates were selected per pig. Multiplex
PCR was used to detect six classes of tetracycline resistance determinants [tet (A), tet (B), tet
(C), tet (D) tet (E), and tet (G)] as described by Ng (Ng et al., 2001).  

The data was tabulated in a 2 (chlortetracycline or no chlortetracycline) X 4 (tet (A), tet (B), tet
(C), tet (A) and (B) and no gene detected) table and the x2 test was calculated in order to compare
the difference in distribution between the 2 treatment groups.

Results Overall, 908 isolates were assayed. A total of 88.7% of isolates (805/908) harboured at
least one of the tetracycline resistance genes assayed. Overall, 35.3%, 59.9%, 0.9% of isolates
were identified to harbour tet (A), (B), and (C), respectively. Both tet (A) and tet (B) were identified
in 7.5% of isolates. For those swine that received chlortetracycline, 37.5%, 60.6%, 1.7% were
identified to harbour tet (A), (B), and (C), respectively. For those swine that received no antibiotics
33.1%, 59.2%, 0.2% were identified to harbour tet (A), (B), and (C) respectively. There was no
significant effect of treatment on the distribution of tetracycline resistance determinants (p>0.10).  

Discussion These results suggest that subtherapeutic chlortetracycline, at least under short-term
exposure, does not alter the distribution of tetracycline resistance genes in the fecal flora of
swine. The predominant identification of tet (A), (B), and (C) in the Gram-negative fecal flora of
swine is in agreement with previous reports. Although our results cannot discredit the potential
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effect of selection pressure resultant to tetracycline use policies over several years, it does sug-
gest that factors other than tetracycline exposure may be important for the differential distribution
of tetracycline resistance genes between different animal species (Bryan et al., 2004; Lanz et al.,
2003) or between swine herds with different antimicrobial use policies (Lee et al., 1993; Sunde et
al., 1998). Future investigations of antimicrobial resistance genetics in animal populations should
link specific antimicrobial use data, as well as evaluation of potential non-antimicrobial selection
pressures, that may impact resistance gene emergence and dissemination.
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ISOLATION OF CLOSTRIDIUM PERFRINGENS FROM
SWINE CARCASSES AND FECES

Andrea M. Moreno*, Thais S. P. Ferreira, Renata R. Almeida, Luciane T. S. Zucon, Renata
Paixão, Débora D. S. Gobbi, Cleise R. Gomes, Antônio J. P. Ferreira
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Abstract Bacterial hazards are the major concern in the production of food of animal origin.
Clostridium perfringens is a common cause of food-borne illness. The illness is characterized by
profuse diarrhea and acute abdominal pain. At this study 30 carcass swabs from dorsal area and
30 fecal samples from a swine abattoir were analyzed over C. perfringens presence. The frequen-
cy of agent in carcasses was 40% and in fecal samples 73.2%. The forty-seven isolated strains
were characterized by PCR for the presence of genes codifying the enterotoxin, alpha, beta,
epsilon, iota and beta-2 toxins. All strains were positive for presence of alpha and beta 2 toxin
gene, and were classified as type A. None were positive to enterotoxin gene through PCR. Single
enzyme amplified fragment length polymorphism (SE-AFLP) analyses were used to characterize
47 C. perfringens strains and revealed two common profiles among fecal and carcass strains.

Introduction Clostridium perfringens is the etiologic agent of multiple syndromes in domestic
animals, some of the most important conditions that producers and veterinary practitioners have
to face (Songer, 1998; Klaasen, 1999). The various toxins produced by the bacteria play key roles
in the pathogenesis of the disease and are divided into five biotypes, designated A through E,
based on the production of alpha- (a-), beta- (b-), epsilon- (S-), and iota- (i-) toxins. The a-toxin is
produced by all types, b-toxin is produced by type B and C strains, S-toxin is produced by type B
and D strains, and i-toxin is produced by type E strains (Garmory et al., 2000). Different biotypes
of C. perfringens are associated with different diseases. Type A enterotoxigenic strains are a com-
mon cause of food poisoning outbreaks worldwide. Type C, is generally considered to be the pri-
mary cause of necrotic enteritis in piglets. In addition to the major toxins, other toxins may play a
role in disease (Garmony et al., 2000). A novel toxin produced by C. perfringens, named beta 2-
(b2) toxin, has recently been identified and its encoding gene characterized. 

The occurrence of C. perfringens in swine carcass at slaughter is not reported in Brazil. The
genotyping of these isolates may lead to a better understanding of the potential of this agent to
contaminate pork meat and cause outbreaks in humans.

Single enzyme AFLP (SE-AFLP) has previously been used for the differentiation of Clostridium
perfringens and others agents as Pasteurella multocida to strain level (McLauchlin et al, 2000;
Moreno et al, 2003).

The objectives of this trial are to isolate C. perfringens from carcass swabs and swine feces at
abattoir, characterize the strains in relation to the presence of enterotoxin, alpha, beta, epsilon,
iota and beta-2 toxins genes using polymerase chain reaction (PCR) and analyze the strains
through the SE-AFLP technique.

Materials and Methods A total of 30 carcass swabs from dorsal area and 30 fecal samples from
one swine abattoir were analyzed. A sample of 5 g of feces and the carcass swabs were submit-
ted to enrichment in 25 ml of liquid thioglycolate medium and cultured overnight under anaerobic
condition. After that, the culture was streaked in TSC agar under anaerobic condition. The suspect
colonies were identified by the use of Gram stains, lecithinase and lipase reaction in egg-yolk agar
and presence of storm clout in Litmus milk. 

The colonies of C. perfringens were cultured in 10 ml of thioglycolate broth for 24 hr at 37°C.
The DNA extraction was conducted with 200 µl of bacterial culture treated with Lysozyme (140µl of
100mg/ml) and Proteinase K (40µl of 20 mg/ml) for 1 hour at 37°C. The bacterial lysates were sub-
mitted to DNA purification with the guanidium thiocyanate method described by Pitcher et al. (1989).

PCR assays were performed using specific primers the toxin genes (alpha, beta, beta2,
epsilon, iota and enterotoxin) as described elsewhere (Moreno, 2003). Reference strains C. per-
fringens type A (ATCC 3624), type C (ATCC 3628), type B (ATCC 3626) and type D (ATCC 3629)
were kindly supplied by Instituto Biológico de São Paulo, and were used as positive controls.

To SE-AFLP technique an aliquot containing 10µg of DNA was digested overnight (16 h) at
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37°C with 24 U of HindIII (Life Technologies) in the buffer provided with the enzyme and ultra pure
water in a final volume of 20 µl. A 5 Ìl aliquot containing the digested DNA was used in a ligation
reaction containing 0.2 µg of each adapter oligonucleotide (ADH1- 5´ ACGGTATGCGACAG 3´and
ADH2- 3´ GAGTGCCATACGCTGTCTCGA 5´), 1U of T4 DNA ligase, ligase buffer, and water, in a
final volume of 20 µl incubated at room temperature for 3 h. Ligated DNA was heated to 80°C for
10 min, diluted 1/5 in sterile distilled water, and 5 µl were used for each PCR reaction.

PCR reactions were performed in 50 µl final volumes and contained: 5 µl of ligated DNA, 2.5
mM MgCl2, 300 ng of primer HIG- 5´GGTATGCGACAGAGCTTG 3´ and 1.25 U of Taq DNA poly-
merase in 1 X PCR buffer. The mixture was subjected to an initial denaturing step of 94°C for 4
min, followed by 35 cycles of 94°C for 1 min, 60°C for 1 min, and 72°C for 2.5 min. 

The amplified products were analyzed on a 2.0% agarose gel, stained with ethidium bromide
(0.5 mg/ml), observed by UV transilumination, and registered by an image capturing system. A
100 bp DNA ladder was included twice on each electrophoresis gel. Banding patterns were
assessed visually, considering only strong and moderately stained fragments. 

Results The bacteriological examination of 30 carcasses swabs revealed 12 positive to C. perfin-
gens isolation (40%) and twenty-two fecal samples showed positive results (73.2%). 

From positive carcasses swabs and fecal samples were selected 47 strains of C. perfringens
to toxin characterization. All strains were positive for presence of alpha and beta 2 toxin gene, and
were classified as type A. None were positive to enterotoxin gene through PCR. 

Using SE-AFLP, each culture generated one to five DNA fragments ranging between approxi-
mately 400 -1750 bp. Among the 47 cultures tested, 18 SE-AFLP profiles were observed, which
varied by one or more bands from all other patterns (Figure 1 and 2). Two identical profiles were
present in samples from carcass and fecal strains. Fecal strains presented a high genetic hetero-
geneity when compared with carcass strains. 

Discussion Swine slaughter is an open process with many opportunities for the contamination of
the pork carcass with potentially pathogenic bacteria; however it does not contain any point were
the hazards are completely eliminated. The major contamination points during swine slaughter are
pig-related, such as fecal and pharyngeal, and environmental (Borch 1996). 

The high occurrence of C. perfringens on feces (73.2%) are expected, since the agent is a
component of intestinal micro biota, but the frequency of this agent in carcass was higher than
expected in this first trial (40%). In Japan, a study with 50 pork meat samples showed that 12%
were positive to C. perfringens, but none of isolates were positive to enterotoxin presence
(Miwa, 1998). At present study enterotoxin positive isolates of C. perfringens were not found too.

The AFLP technique showed results comparable with all other molecular typing methods
described to analyze C. perfringens strains, and appears to have several advantages in terms of
being easy to perform, rapid, discriminatory, cheap and highly reproducible. The strains observed
in carcass swabs presented less genetic heterogeneity than that isolated from feces. The pres-
ence C. perfringens with identical profiles in carcass and feces confirm the potential of fecal con-
tamination of carcass during slaughter process. 

The absence of enterotoxin positive strains among the isolates studied suggest a low risk of
human infections from carcass contamination, but a constant monitoring of this agent must be
done, considering the high percentage of it detection at the samples analyzed. 

Acknowledgements This study was supported by FAPESP -Fundação de Amparo a Pesquisa do
Estado de São Paulo (grant # 03/01654-3).
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Figure 1 - Electrophoresis in agarose gel. SE-AFLP pro-
files of Clostridium perfringens produced by primer HIG.
Lanes 1 and 24, 100bp molecular weight standard. The
remaining lanes show AFLP profiles of 20 C. perfringens
strains isolated from swine carcass swabs.
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Andrea M. Moreno*, Flávio Hirose, Luciane T. S. Zucon, Daniela S. Doto, Renata Paixão, Thais S. P.
Ferreira, Renata R. Almeida, Roberto A. Bordin
Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo,  Av. Prof. Dr. Orlando Marques de Paiva, n.87, CEP
05508000. São Paulo, SP, Brasil. *E-mail: morenoam@uol.com.br

Abstract Clostridium perfringens is an important cause of enteric disease in humans and domes-
tic animals. Ninety samples of bone and meat meal used in swine feed from Brazilian producers
were evaluated about the presence of C.perfringens. The isolates were characterized by PCR for
the presence of genes codifying the enterotoxin, alpha, beta, epsilon, iota and beta-2 toxins. From
ninety samples evaluated by bacteriology 29 were positive (32.2%) to C. perfringens. PCR to
phospholipase C gene revealed 77 positive samples (85.5%). Fifty-one C. perfringens strains iso-
lated were submitted to PCR detection of toxin genes. All strains were positive to alpha and beta-
2 toxin genes; 12 strains were positive to beta toxin gene and were classified as C. perfringens
type C. The high number of meals samples positive to C. perfringens type C strains indicates the
risk of meat and bone meal in maintaining the agent in swine herds and increasing the carcass
contamination at slaughter.

Introduction Clostridium perfringens is an important cause of enteric disease both in humans
and domestic animals (Songer, 1996). Type A enterotoxigenic strains are a common cause of food
poisoning outbreaks worldwide. C. perfringens type C is generally considered the primary cause
of necrotic enteritis in piglets, while type A has been linked to enteric disease in suckling and
feeding pigs presenting mild necrotic enterocolitis (Klaasen, 1999). Genetic analysis of isolates
from meat and bone meal used in swine feed may lead to a better understanding of agent trans-
mission in herds and will help the recognition of the agent potential in the contamination of car-
casses at slaughterhouses. 

The objectives of this trial were to isolate and detect C. perfringens from meat and bone meal
used in swine and poultry feed and characterize the strains in relation to the presence of entero-
toxin, alpha, beta, epsilon, iota and beta-2 toxins genes using polymerase chain reaction (PCR).

Materials and Methods A total of 90 meat and bone meal samples collected in a 3 month period
from 83 meal producers were used in this study. Meal samples were obtained from Brazilian
States of São Paulo, Santa Catarina, Parana, Minas Gerais e Rio Grande do Sul. Bacteriological
examination was conducted with a sample of 5 g of meal. The sample was submitted to enrich-
ment in 25 ml of Thioglycolate liquid medium and cultured overnight under anaerobic condition.
Next the culture was streaked in Tryptose Sulphite Cycloserine agar (Oxoid) under anaerobic con-
dition. Isolated strains were confirmed by the use of Gram stains, lecithinase and lipase reaction
in egg-yolk agar and presence of storm clout in Litmus milk. 

The colonies of C. perfringens were cultured in 10 ml of thioglycolate broth for 24 h at 37°C.
The DNA extraction was conducted with 200 µl of bacterial culture treated with Lysozyme (140µl of
100mg/ml) and Proteinase K (40µl of 20 mg/ml) for 1 h at 37°C. The bacterial lysates were submit-
ted to DNA purification with the guanidium thiocyanate method described by Pitcher et al. (1989).

PCR assays were performed using specific primers to phospholipase C gene to identify C.
perfringens directly in meal sample and confirm the biochemical characterization. The toxin genes
(alpha, beta, beta2, epsilon, iota and enterotoxin) were detected in the isolates by PCR as
described elsewhere (Moreno, 2003). Reference strains C. perfringens type A (ATCC 3624), type
C (ATCC 3628), type B (ATCC 3626) and type D (ATCC 3629) were kindly supplied by Instituto
Biológico de São Paulo, and were used as positive controls.

Results From the 90 meal samples tested for the
presence of C. perfringens through bacteriological
examination 29 were positive (32.2%). The PCR to
phospholipase C gene of C. perfringens revealed
77 positive samples (85.5%). From 29 meal sam-
ples positive in bacteriological examination, 51

Culture PCR positive PCR negative

positive 29 (32.2%) 0 (0%)

negative 48 (53.3%) 13 (14.4%)
Table 1- Results from C. perfringens culture and phos-
pholipase C PCR examination of meat and bone meal.
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strains of C. Perfringens were selected for toxin characterization. Twelve strains were positive for
presence of beta toxin gene (23.5%), and were classified as type C. The other 39 strains (76.4%)
were type A.

Discussion The meals of animal origin are important ingredients in animal nutrition in relation to
economical, nutritional and sanitary aspects. The microbiological contamination of these ingredi-
ents must be studied, since this fact, can negatively influence the biological efficiency of diets,
increase the elimination of pathogenic bacteria through feces and the risk of carcass contamina-
tion at abattoir. 

The contamination of meat and bone meals by Salmonella spp. is described by different
authors; thereby literature does not show any study involving the isolation or typing of C. perfrin-
gens from this feed component. (Bellaver, 2001). Clostridium perfringens is a significant causative
agent of human food poisoning. Meat, which is often contaminated with C. perfringens, is sus-
pected to be a major source of food poisoning due to agent (Miwa et al, 1998).

Bacteriological examination presented a lower number of positive results when compared
with PCR. This difference observed can be explained on different ways. One of them is the effect
of heat treatment of analyzed meals at mills, killing the C. perfringens but not destroying their
DNA on sample. Another hypothesis is the influence of high sample contamination reducing the
success of isolation procedure. The occurrence of twelve C. perfringens type C strains (23.5%)
indicates the potential of this isolates to cause necrotic enteritis in piglets. The absence of entero-
toxin positive strains among the isolates studied suggest a low risk to carcass contamination, but
a constant monitoring of this profile must be done, considering the high percentage of detection
of the agent in the meat and bone meal samples analyzed. 

Conclusions Clostridium perfringens is very frequent in meat and bone meal samples used to
animal nutrition and can play an important role in keeping the agent in swine herds.

Acknowledgements This study was supported by FAPESP -Fundação de Amparo a Pesquisa do
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Toxin C. perfringens positive C. perfringens negative

Alpha 51 (100%) 0 (0%)

Beta-2 51 (100%) 0 (0%)

Beta 12 (23.5%) 39 (76.4%)
Table 2- Frequency of toxin genes in fifty-one strains
of C. perfringens isolated in meat and bone meal.
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OCURRENCE OF LISTERIA MONOCYTOGENES IN
BRAZILIAN SWINE HERDS 
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Abstract Listeria monocytogenes is a foodborne pathogen of major concern for public health in
industrialized countries. The agent has been detected in pork products such as sausage and hot
dogs in Brazil. This fact stimulated the search over the contamination source, since there is no
information about it in national literature. A total of 240 fecal samples from growing-finishing pigs
raised in 4 swine herds of Sao Paulo State were subjected to isolation of Listeria spp. The herds
examined used or not antimicrobials, meat and bone meal, wet or dry feed. Bacteriological results
shown 35 samples positives to Listeria spp (14.6%), but none were positive to L. monocyto-
genes. This result suggests that fecal excretion is not an important contamination source to pork
products in Brazilian industries independently of feeding kind; therefore, more studies will be con-
ducted in near future to identify the contamination points at productive chain.

Introduction Listeria monocytogenes is responsible for opportunistic infections especially in vul-
nerable and immunocompromised subjects, such as new-born infants, pregnant women, cancer
or AIDS patients and the elderly. It may cause meningitis encephalitis, sepsis, fetal death, prema-
turity and death. Listeriosis is a serious illness with a high mortality rate (20-30%) or can cause
neurological sequelae due to the tropism of Listeria for the central nervous system (Beloeil et al,
2003). During the 1980s a number of listeriosis outbreaks were linked with the consumption of
contaminated foodstuffs. Since then, several outbreaks related to meat products including pork
products have been described in Canada, Australia, EUA and Europe (Low and Donachie, 1997). 

In Brazil there is an extensive study of with Listeria strains isolated from 1971 to 1997 from
different sources (Hofer et al, 2000). However, disease cases related to pork products consump-
tion were not described in the Country. Recently, different authors report the presence of L.
monocytogenes and Listeria spp. in hot dogs (Pettinati, 2004) and sausage (Duval et al, 2003;
Destro, 1990) of pork origin, but correlations with contamination source were not evaluated.

Considering the data related to pork products contamination with L. monocytogenes reported
in Brazil, the reports of fecal excretion of the agent by health pigs, and the role of the animal as pri-
mary source of carcass contamination as described by Beloeil et al, 2003, the goal of the present
study was evaluate the presence of bacteria of Listeria genera in swine feces in Brazilian herds.

Materials and Methods Two hundred and forty fecal samples collected from growing and finish-
ing pigs raised in four commercial Brazilian swine herds of Sao Paulo State were submitted to
bacteriological examination. Each swine herd tested has feed systems with different characteris-
tics. Herd 1–used feed with antimicrobials as grow promoter and for therapeutic treatment, and
used meat and bone meal; Herd 2–used feed with antimicrobials as a grow promoter and for ther-
apeutic treatment and did not use meat and bone meal; Herd 3–did not use feed with any antimi-
crobial treatment for the last four year period, and no meat and bone meal; Herd 4–used wet feed
and antimicrobial for therapeutic purpouses.

A 1g portion of fecal sample was added in 9ml of Tryptose Phosphate Broth (Difco
Laboratories, Detroit, EUA) and kept at 4°C for five days. Following this period 1ml of culture was
enriched in 9ml of Half Fraser broth (Oxoid, Basingstoke, UK) incubated at 30°C. After 24 h of
enrichment, 1ml of each culture was sub cultured for 24 h at 30°C in Fraser Broth (Oxoid). The
Fraser broth was streaked onto PALCAM plates and incubated at 37°C for 72 h with 10% of CO2.
The suspected Listeria spp. colonies (15 to 20 colonies for plate) were cultured in BHI (Difco) at
37°C for 24 h. After this period, the cultures were submitted to lyses with lysozime (100mg/ml)
and proteinase K (20mg/ml) following DNA extraction protocol described by Boom et al, (1990).
An aliquot of each culture was frozen with 30% of glycerol at –86°C for future identification of
species and serotype. The characterization as L. monocytogenes or Listeria spp. was done by
polymerase chain reaction with primers described by Wesley et al (2002). The amplified products
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were resolved by electrophoresis in 1,5 agarose gel for 1 h, stained with  0,5mg of ethidium bro-
mide and visualized with  ImageMaster®VDS. 

Results L. monocytogenes were not found in all 240 fecal samples examined. Listeria spp. iso-
lates were obtained in 35 samples (14.58%). Considering the 120 growing pigs fecal samples
examined, the frequency of Listeria spp. was 10.8%. In the 120 finishing pigs samples collected
the frequency was 18.3%.  These results are described in table 1. There was no significant associ-
ation among feed type and presence of Listeria genera.

Discussion There are few studies about excretion of L. monocytogenes in healthy pigs, despite
the great potential of agent in public health. 

At this trial, from a total of 240 fecal samples processed any L. monocytogenes positive ani-
mal was found. At consulted literature, the frequency of agent in feces can vary from 0 to 47%
(Kanuganti et al, 2002). Beloeil et al (2003), evaluated the presence of Listeria spp. in 45 swine
herds in France, and described an occurrence of 14% of L. monocytogenes isolates and 84% of
samples positives to Listeria spp. In Brazilian herds, were observed only 14.58% of animals posi-
tive to Listeria spp. The differences among the results obtained in these studies can be related to
study design, climatic conditions, nutritional factor and compounds.

Among different reports there is no concern about the best method of sampling pig feces.
Beloeil et al, (2003) analyzed fecal samples collected from three different pigs for pen and from
five pens per room. At present, individual fecal samples from rectum from 30 animals from each
herd were examined.  

The nutritional differences can influence the presence of Listeria on feces. Wet feeding is con-
sidered a risk factor to the presence of L. monocytogenes by Beloeil et al (2003). It’s also been
reported that L. monocytogenes can be isolated from 2% of the feces on dry feed animals versus
25% to 50% of the feces of wet fed animals. The different contamination can be related to heat
treatments employed and the water activity at the feed (Skovgaard and Nørrung, 1989). In relation
to wet feed, Beloeil et al (2003) also describes a strong relationship between L. monocytogenes
presence and the biofilms accumulated on the internal surfaces of pipeline and valves. The alter-
ations of these biofilms by disinfectant and cleaning procedures can facilitate the Listeria contami-
nation of the system. 

At this study, the herd number four which used wet feed have no isolation of Listeria spp.,
although one collection is not enough to conclude that it does not interfere with the agent isola-
tion. Maybe the products employed in feed composition or biofilm presented at feed system had
protected it from Listeria colonization. 

The absence of L. monocytogenes in swine feces examined suggests that fecal excretion is
not the major risk factor involved in carcass or meat contamination. The critical point for to pork
products contamination in Brazilian slaughter houses must be in another part of the productive
chain, such as after the animal death during evisceration, in environment or machines. More stud-
ies will be done to elucidate the critical hazard point of Listeria contamination.

Conclusions The present study did not identify any L. monocytogenes in fecal samples analyzed
from pigs in Sao Paulo State, Brazil. It suggests that feces are not the most important contamina-
tion source for pork products at our conditions. 
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ORIGIN
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frequency in feces of growing and in finishing pigs.
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ESTIMATION OF SENSITIVITY AND SPECIFICITY OF 
CULTURE AND DANISH-MIX ELISA FOR DETECTION OF
SALMONELLA IN SWINE USING BAYESIAN METHODS.

Wilkins W.*, Waldner C., Rajic A., McFall M., Chow E., Muckle A.
Dept. Lg. An. Clin. Sci, Western College of Veterinary Medicine, 52 Campus Drive, Saskatoon, SK, S7N 5B4, Canada 
E-mail: wendy.mosure@usask.ca 

Purpose Both bacterial culture and serological assays, such as the Danish-mix ELISA for the
detection of antibodies, are commonly used as tools for detecting and monitoring Salmonella in
swine. The comparison and ultimate interpretation of results are made more difficult due to the
absence of a gold standard. In this study, a previously published Bayesian method is adapted and
applied to field data from Western Canada in order to determine posterior distributions of the sen-
sitivities and specificities of these two tests.

Materials and Methods Ten farrow-to-finish swine herds (herd size n>100 sows) from Alberta
and Saskatchewan were selected by swine veterinarians, based on presumed Salmonella positive
status (n=8) or Salmonella negative status (n=2). Each herd was sampled once, taking samples
from each phase of production (breeding, nursery, grow-finish), however, only the results from the
grow-finish phase were used in this analysis. In the grow-to-finish area one pooled pen floor fecal
sample and one blood sample were collected from each of 30 pens. Individual fecal samples
were also collected from the rectum and matched to the concurrent blood sample. Fecal samples
were tested for Salmonella using AAFRD Food Safety Division (FSD) bacterial culture and PCR.
One isolate per each Salmonella positive sample was serotyped by Health Canada, Laboratory for
Foodborne Zoonoses. Serum samples were tested using the covalent Danish Mix-ELISA (SVANO-
VA, Sweden). Data analysis was performed using a Bayesian method for determining test sensi-
tivity and specificity in absence of a gold standard, via modification of a Winbugs (1) model for
correlation-adjusted estimation of sensitivity and specificity of two diagnostic tests (2). A prior
beta distribution corresponding to a culture sensitivity of 0.70 and standard deviation of 0.05
(expert opinion) was defined, while culture specificity was defined as 100%. This model was used
to calculate posterior sensitivities for both tests as well as specificity for the Danish-mix ELISA.
The influence of the prior distributions chosen was examined in subsequent analyses.

Results and Discussion Salmonella was detected in at least one production phase on all ten
farms involved in the study. Two farms were negative by bacterial culture in the grow-finish pro-
duction area while one farm was both culture and serology negative in the grow-finish area. At
the pen level, agreement between tests was determined to be fair (Kappa statistic = 0.39) at a
20% OD cut-off level. The calculated posterior test parameters and 95% credible intervals were
as follows: culture sensitivity 0.64 (0.57-0.71); ELISA sensitivity 0.70 (0.61-0.78); and ELISA speci-
ficity 0.95 (0.88-1.0). These results were compared to a second model using a broader beta distri-
bution for culture sensitivity (corresponding to sensitivity of 0.60 and standard deviation of 0.10).
Posterior test parameters for the Danish-mix ELISA were similar regardless of model; however,
the latter model resulted in a posterior culture sensitivity of 0.59 (0.49-0.69). These results may
help determine the value and limitations of these tests in Salmonella surveillance programs in
Western Canada in addition to providing informative prior information for future studies.
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PREVALENCE AND CHARACTERISTICS OF NON-O157
SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC)
AND ESCHERICHIA COLI O157 IN FATTENING PIGS AT
SLAUGHTER IN SWITZERLAND

Martin Kaufmann1*, Claudio Zweifel1, Jorge Blanco2, Roger Stephan1

*1Institute for Food Safety and Hygiene, Vetsuisse Faculty University of Zurich, 8057 Zurich, Switzerland, Ph: 41-44-6358651,
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Facultade de Veterinaria, Universidade de Santiago de Compostela (USC), Lugo, Spain

Abstract Feacal samples from 630 slaughtered healthy pigs were examined with the aim: (i) to
monitor the shedding of non-O157 STEC and E. coli O157; (ii) to further characterize isolated
strains; and (iii) to discuss the results obtained with their relevance to food safety. The percentage
of the 630 samples testing positive for STEC by polymerase chain reaction was 22.2%. The 32
isolated stx positive strains (31 sorbitol-positive) belonged to non-O157 STEC and comprised ten
serotypes. Stx1, stx2, and both toxin genes were detected in 3%, 97%, and 0% of strains.
Among stx2-positive strains, 29 were positive for stx2e, one for stx2/stx2e, and one for
stx2c/stx2e. The percentage of the 630 samples testing positive for E. coli O157 by polymerase
chain reaction was 7.5%. The 31 isolated rfbE PCR positive strains tested negative for stx genes.
However, four strains harbored eae and were classified as EPEC.

Introduction The importance of the Shiga toxin (Stx) -producing Escherichia coli (STEC) group has
increased since a food-borne infection caused by STEC has first been reported in 1983 (Riley et al,
1983). Pathogenicity of STEC in humans is associated with diverse virulence factors. The main
factors are the ability to form cytotoxic exotoxins (shiga toxins), which can be subdivided into a
shiga toxin 1 group (Stx1 group) and a shiga toxin 2 group (Stx2 group), as well as the property of
producing attachment-effacement lesions and the presence of an enterohaemolysin gene (EHEC-
hlyA) (Boerlin et al, 1999). 

The source of STEC food-borne infection was often found to be foods of bovine origin or other
fecally cross-contaminated foods. Cattle are currently considered the main reservoir of STEC path-
ogenic to humans. The results of a Swiss study of faeces of healthy beef cattle at slaughter
showed a STEC carriage rate ranging from 2.3% to 23.7% (Stephan et al, 2000).

In addition, there are some reports on the isolation of Stx positive E.coli from pigs, but often
strains originating from pigs with diarrhoea or oedema disease were tested (Moon et al, 1999;
Osek 1999). Although E. coli of the serogroups O138, O139 and O141 producing the Stx2e variant
can cause oedema disease in pigs, they seem not to be able to colonized the human intestinal
tract. However, since strains harbouring stx2e have also been isolated from patients with diarrhea
and HUS (Piérard et al, 1991, Muniesa et al, 2000) and a high degree of genetic relatedness
between O101 strains harbouring stx2e genes of human and porcine origin was demonstrated
(Franke et al, 1995), the role of pigs as asymptomatic carriers of STEC in the epidemiology of
human disease needs further research. Rios et al. (1999) found 69% of healthy pigs positive for
STEC and isolated enterohemorrhagic STEC serogroups O26 and O111 from pig intestinal con-
tents. The strains harboured virulence genes with profiles indicative of potential human
pathogens, suggesting that pigs may be an animal reservoir for these organisms. This hypothesis
is supported by the results of a study conducted in the United States as part of the National
Animal Health Monitoring System’s Swine 2000 study that found a STEC prevalence of 70%. Of
the isolated strains 13.2%, 6.4% and 80.4% were positive for stx1, stx2 and stx2e genes
(Fratamico et al, 2004). Additionally, O157:H7 has been isolated from slaughtered pigs during
investigations carried out in the Netherlands (Heuvelink et al, 1999), in Japan (Nakazawa et al,
1999), in UK (Paiba et al, 2000) and in the United States (Feder et al, 2003) with a prevalence of
positive fecal samples of 0.7%, 1.4%, 0.3% and 2.0%, respectively. The aim of this study was to
investigate the prevalence of STEC in healthy pigs at slaughter in Switzerland and to further char-
acterize such strains by subtyping the toxins and by determination of additional virulence factors.

Materials and Methods This study was based on investigations that were carried out within half
a year (October 2004–April 2005) in an EU-approved slaughterhouse in Switzerland. In total, 630
pig fecal samples of animals at slaughter were collected during 22 sampling days.
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For the E. coli O157 assay, 1ml of the enrichment sample was examined by immunomagnetic
separation technique (IMS) using Dynabeads® anti-E.coli O157 (Dynal Biotech ASA, Oslo, Norway).
The immunomagnetic-separated material (bacteria beads complex) was streaked onto sheep
blood agar (Difco Laboratories, Becton Dickinson; 5% sheep blood, Oxoid Ltd., Hampshire, UK),
and after incubation at 37°C for another 24 h, colonies were washed off with 2ml of 0.85% saline
solution. Of each plate eluate, 2µl were then evaluated by a polymerase chain reaction (PCR) with
primers based on sequences targeting the rfbE gene (Abdulmawjood et al., 2002). 

Moreover, the 630 samples were analyzed by PCR for stx genes. The enrichment samples
(BGB) were streaked onto sheep blood agar, and after incubation at 37°C for another 24 h,
colonies were washed off with 2ml of 0.85 % saline solution. For the STEC assay, 2µl of each
plate eluate was then evaluated by PCR with primers based on sequences targeting a region con-
served between stx1 and stx2 genes (Burnens et al, 1995) and PCR conditions described previ-
ously (Zweifel et al, 2004).

Strains were isolated by colony hybridization and one isolate per sample was further character-
ized. Determination of O and H antigens was performed by the method described by Guinée et
al. (1981) with all available O (O1 to O181) and H (H1 to H56) antisera. Antisera were obtained
and absorbed with corresponding cross-reaction antigens to remove nonspecific agglutinins. O
antisera were produced in the Laboratorio de Referencia E. coli (LREC), and H antisera were
obtained from the Statens Seruminstitut (Copenhagen, Denmark). For the genotypic characteriza-
tion, all isolated strains were examined by PCR for the presence of stx1 and stx2 genes under the
conditions described by Rüssmann et al. (1995) and Piérard et al. (1998), stx2e under the condi-
tions of Rüssmann et al. (1995), eae encoding for intimin under the conditions of Schmidt et al.
(1994), and ehxA encoding for enterohemolysin under the conditions of Schmidt et al. (1995). 

Results and Discussion The proportion of positive samples was 22.2% for stx and 7.5% for rfbE.
The 32 isolated stx-positive strains (31 sorbitol-positive) belonged to non-O157 STEC and com-
prised ten serotypes (O8:H9; O9:H-; O65:H-; O100:H-; O103:H2; O141:H17; O159:H-; ONT:H-;
ONT:H10; ONT:H19), three of them (O9:H-; O100:H-; ONT:H-) accounting for 69% of strains. Stx1,
stx2, and both toxin genes were detected in 3%, 97%, and 0% of strains. Among stx2 positive
strains, 29 were positive for stx2e, one for stx2/stx2e, and one for stx2c/stx2e. One strain of
serotype O141 harboring stx2e contained a virulence pattern typically associated with diarrhea or
oedemic disease in pigs. Among the Stx2e producers no O101 serotype could be found. 

Moreover, among the 31 isolated E. coli O157 strains, 30 were positive for sorbitol fermenta-
tion, all were negative for stx, and four strains were positive for eae.

Most outbreaks and sporadic cases of hemorrhagic colitis (HC) and hemolytic-uremic syn-
drome (HUS) have been attributed to strains of the enterohemorrhagic serotype O157:H7 STEC,
but especially in continental Europe, the importance of non-O157 STEC strains as e.g. O26:H11/H,
O103:H2, O111:H-, O113:H21, and O145:H- as causes of HC, HUS and other gastrointestinal dis-
eases is being increasingly recognized. Pathogenicity of STEC in humans is associated with
diverse virulence factors. The main factors are the ability to form exotoxins (Shiga toxins), which
can be subdivided into a Shiga toxin 1 group (Stx1) and a Shiga toxin 2 group (Stx2). Apart from
the capability to produce Shiga toxins, these pathogroups may possess accessory virulence fac-
tors associated with the capacity to colonize the gut, such as intimin and a 90 kbp virulence-asso-
ciated plasmid. Intimin mediates the intimate bacterial attachment to the host cell surface of
EPEC and STEC, and is required for the formation of the characteristic A/E lesions. O157 STEC
and non-O157 STEC strains isolated from patients with severe symptoms frequently show a typi-
cal virulence spectrum, with such strains tending to be stx2- and eae-positive (Boerlin et al, 1999).
In our examinations, none of the isolated strains showed these typical virulence patterns.

The finding of a high number of sorbitol-positive stx negative O157 strains with other H type
than H7 was striking. However, these data agree with the results in one of our recent studies,
where in minced meat samples (minced pork) taken throughout Switzerland we found O157:H38,
O157:Hru, O157:H2 and O157:Hnt strains, and none of these strains was positive for stx genes, too
(Fantelli et al, 2001). Interestingly, four strains harboured eae, and therefore seem to be enteropah-
togenic E. coli (EPEC) strains. Whereas for typical EPEC, humans are the only reservoir; for atypical
EPEC, both animals and humans can be reservoirs. Atypical EPEC are more closely related to STEC,
and like STEC these strains appear to be emerging pathogens. To our knowledge, the present study
is the first, that document the detection of the eae gene in porcine O157 E. coli strains.
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Conclusions Based on the results of this study the following situation in Switzerland can be
noted: STEC were found in healthy pigs with a remarkable prevalence; most of the isolates har-
boured stx2e. Moreover, the fact is emphasized that E. coli with the O157 antigen are not always
STEC, but can also be EPEC. The fecal carriage of foodborne pathogens among livestock animals
at slaughter is strongly correlated with the hazard of carcasses contamination. In order to reduce
the risk represented by STEC and EPEC, the maintenance of slaughter hygiene is consequently of
central importance in meat production. 
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Abstract The disease control strategies in livestock are the key areas to enhance improvement of
livestock production and safety of livestock product consumers. Therefore, reliable techniques for
quick detection and specific identification of disease causing agents need to be developed. 

In this study a nested PCR was developed using primer primier 5.0 software for primer design
targeting IS1081 gene conserved regions in both M. tuberculosis and M. bovis. Two sets of
primers TB-Q1/TB-Q2 and TB-B1/TB-B2, were designed to detect M. tuberculosis and M. bovis
DNA extracted from blood samples. The findings were, the assay is sensitive enough to detect up
to 1.35fg of the antigen DNA with 100% specificity. When compared with bovine Purified Protein
Derivative skin test, it had better results in terms of sensitivity and specificity. Furthermore, an
OxyR gene was targeted for another set of primers OxyRMT-2.1/OxyRMT-1 specific for M. tuber-
culosis while OxyRMT-2.1/OxyRMB-2 for M. bovis. 

Introduction Most developing countries rely on livestock activities, but have a lot of shortcom-
ings in implementing effective disease control programs, because of poor infrastructures (Blood
et al, 1988). This is a hindrance for export of livestock and their products because the office
Internationale des Epizooties (OIE) regulations requires that an exporting country should be free
from certain diseases (OIE, 1994). 

The field trials of this research were done on a farm in Guangdong Province, China. As of
2001, China had a national inventory of pigs estimated at 454 million herds, as compared to that
of the world of 928 million (Storburg et al, 2001). The routine tuberculin test has been used with
satisfactory results in other parts of the world (Noordhuizen et al, 1997), but not enough informa-
tion is available for its use in Guangdong. 

The fact that there is a gradual increase in bovine TB in England among the cattle herds which
were previously declared free from TB with Tuberculin skin tests (British Veterinary Association,
2005), calls for modern diagnostic tools in order to control and eradicate TB in livestock and
humans.

The definitive diagnoses of Tuberculosis (TB) have been the culture and isolation of the bacte-
ria (Parsons et al, 2002). But the direct smear microscopy has low sensitivity and does not differ-
entiate the M. tuberculosis complex (TBC). On the other hand, culture and species assignment,
even when carried out, are time–consuming and not accurate confirmatory tests (Collins et al,
1984; Kamerbeek et al, 1997). The skin test has a low sensitivity of about 65.6% to 70 %
(Niemann et al, 2000).

The objective of this research was to target IS1081 gene sequence and develop a quick PCR
protocol which could be applied in swine to diagnose M. tuberculosis and M. bovis. Furthermore,
to validate it by carrying out comparative studies with other tests, and to clone and sequence
some detected DNA fragments for the basis of further research. 

Materials and Methods The M. tuberculosis and M. bovis used in this study were from the
National Institute for Pharmaceutical and Biological products, China. Whereas, Salmonella,
Pasteurella multocida, Streptococcus, Actinobacillus pleuropneumoniae and Staphylococcus all
came from our laboratory.

Genomic DNA was extracted as follows; 300µL of blood sample was pipetted into the 1.5mL
vial. Then 30µL of 10% (w/v) SDS (sodium dodecyl sulfate) was added to lyse the bacteria. The
samples were incubated at room temperature for 15 minutes and then washed with 1mL of dou-
ble distilled water (ddH20) while being centrifuged at 10,000 rpm, the supernatant was discarded
and then 1mL of ddH20 added and centrifuged again at 10,000 rpm. The supernatant was discard-
ed and 50µL of TE (10mMTris, 1mM EDTA, pH 8.0) was added and the vials incubated at 100°C
for 10 minutes and then centrifuged for 15minutes at 15,000rpm. The supernatant was the DNA.

The IS1081 from the GeneBank was used for the primer design for M. tuberculosis and M.
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bovis, while the OxyR gene derived primers for differentiating them. The primers were selected
by importing the sequences into primer primier 5.0 program at www.premierbiosoft.com/primerde-
sign/primerdesign. The sequences of the primers used in the assay are: the primer pairs that
enable identification of M. tuberculosis and M. bovis; TB-Q1/TB-Q2 and TB-B1/TB-B2; for the dif-
ferentiation of M. tuberculosis and M. bovis oxyRTB-2.1/oxyRMT-1, oxyRTB-2.1/oxyRMB-1
(Sreevatsan et al, 1996; Espinosa de los Monteros et al, 1998).

PCR conditions were optimized with respect to annealing temperatures and the number of
amplification cycles. A 25µL reaction mixture consisted of purified genomic DNA template from
the sample, 20pM for all the primers, 10x PCR buffer, 2.5mMdNTP, 5% DMSO (dimethyl sulfox-
ide), Taq enzyme. The samples were amplified using a thermal cycler (Whatman Biometra T-gradi-
ent PCR machine)

After looking at the different annealing temperatures in the gradient reactions and adjusting
the reaction times, a final 30 cycle PCR protocol was developed consisting of a pre-denaturing
temperature at 94°C for 8mins, denaturing at 94°C for 40sec, annealing at 57°C for 40sec, exten-
sion at 72°C for 45sec and final extension at 72°C for 7min. Using the primers amplifying 476bp
and DNA templates, a 25µL PCR protocol reaction was set up.

TB-Q1Forward: 5’CGAAGGAAATGACGCAATGA3’
TB-Q2Reverse: 5’ CATCTCCGCAAAGCCTGGG 3’ 

The reaction mixture was: 2µL DNA template, ddH20, 10 x buffers, 2.5mM 4xdNTP, 20µM
Primers 1&2, 2.5U Taq DNA polymerase. 

Using a similar approach, a second 30 cycle nested PCR protocol was developed consisting of a
pre-denaturing temperature at 94°C for 6min, denaturing at 94°C for 30sec, annealing at 67°C for
30sec, extension at 72°C for 40sec and final extension at 72°C for 8min. The second set of primers:

TB-B1 Forward: 5’ ACAGGCGAGCCCGGATCTGCTG 3’
TB-B2 Reverse: 5’ GTTCAGCTCGCTTGCGGCGCTG 3’

amplifying 248bp was used and 1µL of the PCR product from the first PCR protocol was used as
a DNA template. In a similar way, a 25µL nested PCR protocol reaction was developed. The reac-
tion mixture was: DNA template, ddH20, 10 x buffers, 2.5mM 4xdNTP, 20µM Primers 1&2, 2.5U
Taq DNA polymerase.

A similar reaction mixture was established for the differentiation of M. tuberculosis and M.
bovis with primers amplifying 270 bp. 

Forward: OXYRMT-2.1: 5’ TGGCCGGGCTTCGCGCGT 3’
Reverse: OXYRMT-1: 5’ GCACGACGGTGGCCAGGCA 3’
Reverse: OXYRMB-2: 5’ TGCACGACGGTGGCCAGGTA 3’

After extensive adjustments the following conditions were optimal; the initial DNA denatura-
tion was 94°C for 8min, in cycles denaturation was 94°C for 45sec, the annealing temperature
was 71°C for 30sec, and the extension was done at 71°C for 1min with the final extension at
72°C for 7min.

To determine the detection limit of this assay, a solution with the DNA from the reference
strains of M. bovis and M. tuberculosis, were serially diluted into 13.5ng, 1.35ng, 135pg, 13.5pg,
1.35pg, 135fg, 1.35fg, 0.135fg and used as templates in the assay. The detection limit of the assay
was defined as the lowest concentration of DNA that could be amplified and visually detected.

Comparative tests were done with Purified Protein Derivative tuberculin (PPD) of bovine origin
and of avian origin (0.1 mL of 20,000IU of PPD).

Five different DNA fragements (TB-Q1, TB-Q2, D2 E2 and F2) were cloned into a pMD18-T vector
to make recombinant plasmids. They were later sequenced and the sequenced data organized and
edited electronically with the EDITSEQ, ALIGN and MEGLIGN PROGRAMS using computer software
DNASTAR at www.dnastar.com and then compared with the IS1081 published in GeneBank. 

Results We varied the annealing temperatures between 53°C and 73°C and the number of cycles
between 25 and 35 for each PCR assay. The optimal annealing temperatures were 57°C for 40 sec-
onds, 67°C for 30 seconds and 71°C for 30 seconds for the first and second nested PCR assays
for detection of M. tuberculosis and M. bovis and for differentiating them, respectively. The opti-
mal numbers of PCR cycles were 30 in all the three assays. The assay could detect 1.35pg but
improved 1000 times when nested PCR was used, to detect up to 1.35fg as shown in figure 1.

The tests with: salmonella, Pasteurella multocida, streptococcus, actinobacillus pleuropneu-
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moniae and staphylococcus had no false-positives or false-negatives. This assay was much sensi-
tive and specific compared to bovine PPD, Table 1

The PCR of recombinant plasmids (REA), gave the expected 248bp. For the Restrictive
Endonuclease Analysis (REA), the expected 2940bp band was observed for a single enzyme
analysis (Hind III), whereas two bands 248 and 2692pb for double enzyme analysis ( HindIII and
hindI).The sequences when compared with the one in the GeneBank showed 100% identity for
TB-Q1, 99.6% for TB-Q2, 98.8% for D2, 99.6% for E2 and 100% for F2.

Discussion This study established a quick nested PCR protocol that could be finished within eight
hours. It is sensitive enough to detect as minute DNA fragment as 1.35fg. Some studies reported
similar results: for instance, PCR was sensitive enough to detect <10 organisms in 1ml of a milk
sample pool (Sreevatsan et al, 2000). In other studies in bovine, it detected as few as one organ-
ism (5fg of DNA or less) (Floyd et al, 1992 and Vitale et al, 1998). 

The IS1081 was used as a target for primer design because it occurs in many copies and it is
very stable (van Soolingen et al, 1992). In a study in India, forty mycobacterial strains on restric-
tion fragment length polymorphism analysis (RFLP) using IS1081 probes, showed the presence of
5 copies in all isolates of M. bovis and M. tuberculosis at the same chromosomal location (Sigh et
al, 2004).In another USA study, nested PCR and PCR-REA assays were found to be 100% target
specific with a concordance of 100% with pure cultures (n=200), 94.33% (100 of 103 samples)
with acid fast smear positive sputum samples, 100% with CSF (15 of 15) and 62.5% with periph-
eral blood (Seyed et al, 2003).

However, other researchers reported IS1081 to bears a high degree of resemblance to the
open reading frames of IS1245 and IS256 in Staphylococcus aureus (Colins et al, 1993 and Stanley
et al, 1996). Therefore, we decided to test this PCR protocol with the DNA from; Salmonella,
Pasteurella multocida, Streptococcus, Actinobacillus pleuropneumoniae and Staphylococcus for
cross reactions, but all came out negative. This is in agreement with the results of another
researcher, who tested One M. bovis BCG strain, two M. tuberculosis strains and ten species of
mycobacteria other than tuberculosis (MOTT) with three PCR assays based on the repetitive ele-
ments IS6110, IS1081 and IS990 under variable amplification conditions (Dziadek et al, 2001).
Amplification assays based on IS1081 and IS990 gave false-positive results in some MOTT isolates
only under very low stringency (55°C), which could be due to non-specific priming of the target
DNA at that temperature.

However, the mismatches in our study were sample number 78 and 198 (Table1). The explana-
tion for 78 could be that the first sample got contaminated along the way from the point of collec-
tion to performing the PCR in the laboratory. Other researchers also cautioned that false-positive
results may occur as a result of the cross-reactivity of PCR primers and probes or because of
contamination during any stage of collection, processing, and detection (Sreevatsan et al, 2000),
or it was a false negative due to an explanation which needs to be researched. It leaves us with a
question as to whether a PCR positive animal remains positive or not for life. For the sample
number 198, it could be that the pig was infected after we did the first examination or the infec-
tion dose was too low to be detected at the initial PCR test.

In this study, a positive PCR test indicates the presence of the pathogen in the pig, but a nega-
tive result does not rule out infection, since not all attempts to culture an organism are successful,
and not all samples provide sufficient material to demonstrate positivity (Sreevatsan et al, 2000). 

To further ascertain our developed PCR protocol REA and the PCR of recombinant plasmids
showed the expected DNA bands. And all the cloned sequences had a high identity with the stan-
dard as follows: TB-Q1=100%, TB-Q2=99.6%, D2=98.8%, E2=99.6% and F2=100%. 

Furthermore, there was need to differentiate M. bovis from M. tuberculosis for both epidemio-
logical and public healthy reasons. The OxyR gene derived primers were found to be very effec-
tive for this purpose (Sreevatsan et al, 2000 and Espinosa et al,1998).

Conclusions A rapid nested PCR protocol for the survey of M. tuberculosis and M. bovis in swine
was developed and it’s currently being applied by our research group to examine herds of swine
for TB. In addition, another PCR protocol to differentiate M. tuberculosis and M. bovis when nec-
essary was developed and demonstrated on reference strains. From our pilot research in
Guangdong province, China, it appears the swine zoonotic TB is wide spread on some farms. A
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large scale similar research could be carried out to establish the actual disease prevalence.
The cloning and sequencing results gave us an impression that our research methodology is

of high quality.
Although PPD tests had low sensitivity and specificity compared to the nested PCR assay in

this study, we recommend its use in an initial disease screening before nested PCR can be used.
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Fig1. Electrophoresis picture for nested PCR sensitivity test.
M=DL2000 DNA Marker, 1=Negative control, 2=13.5pg,
3=1.35pg, 4=135fg, 5=13.5fg, 6=1.35fg, 7=0.135fg.

Sample
numbers

Mark on the
pig in the farm

1st nested
PCR results

PPD Skin
test results

2nd nested
results

79 02-273002 + - -

504 02-247908 + +/- +

84 03-026602 + + +

100 KY01-1430 + +/- +

538 02-072310 + +/- +

95 03-246106 - - -

531 03-021904 - - -

127 03-029300 - - -

198 04-225402 - +/- +

568 SS01-19475 - - -

Table 1. Comparative between PCR and PPD tuberculin skin tests KEY:
- there was no reaction (swelling, inflammation or nodule formation) on
the animal. + the reaction was clear and positive. +/- there was a reac-
tion but it was not very clear to be classified as positive or negative.
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THE USE OF A MULTIFACTORIAL APPROACH TO
REDUCE SALMONELLA SHEDDING

C. Fablet*, Fravalo P., Robinault C., Jolly J.P.,  Eono F., Madec F.
*AFSSA, Zoopôle Les Croix, B.P.53, 22 440 Ploufragan, France, Ph: 33 2 96 01 62 22, email:c.fablet@ploufragan.afssa.fr

Abstract An analytic epidemiological survey was carried out in France to assess the circum-
stances for Salmonella shedding of finishing pigs. This study gave out a combination of risk fac-
tors. The aim of our study was to evaluate that the implementation of a programme based on
these risk factors reduced Salmonella carriage. A farm was selected according to the positive
Salmonella shedding status of fattening pigs. A first profile of the farm according to the risk fac-
tors was obtained. On the basis of these results, decisions were taken with the farmer in order to
reduce the risks on 5 batches of pigs. At the end of the fattening phase, the Salmonella status is
measured. The profile according to the risk factors is obtained. No one of the 5 batches was
found to be Salmonella contaminated. The results indicate that this type of multifactorial approach
is an appropriate way to prevent Salmonella contamination.

Introduction In industrialised countries, Salmonella enterica is the most frequent cause of infec-
tious food poisoning. About 15-25 % of all human salmonellosis cases can be attributed to the
consumption of contaminated pork and pork products (Hald et al., 1999; Van Pelt et al., 2001).
Contamination of pig meat is related to asymptomatic intestinal carriage of Salmonella by living
pigs arriving at the slaughterhouse (Borch et al., 1996). In order to reduce the occurrence of
Salmonella contamination of pig meat, a decrease of Salmonella carriage at the farm level is
expected. An analytic epidemiological survey was carried out in France in 2000–2001 to better
assess the circumstances of Salmonella shedding by pigs at the end of the finishing phase
(Fablet et al., 2003). This study gave out a combination of risk factors. The aim of our study was to
evaluate whether the implementation of a control programme based on this list of risk factors
effectively reduced Salmonella shedding by fattening pigs.

Materials and Methods A farm was selected on voluntary basis and according to the suspected
positive Salmonella shedding status of the fattening pigs. The size of the farm and the rearing sys-
tem were very common on the country. As the Salmonella status of the herd was unknown at
the beginning of the study, a first check was carried out aiming at assessing the positive
Salmonella shedding status of 3 distinct batches of finishing pigs from May to October 2003. The
previously found risk factors were looked at for these batches (Fablet et al., 2003). The list of 14
risk factors that came out of the previous large scale survey (105 farms, 2000-2001) was used.
Each factor was a qualitative variable. Depending on the level, the variable was found to be/or not
to be a risky condition. A first profile of the farm according to the risk factors was also obtained
and the subclinical Salmonella carriage of finishing pigs was confirmed. The failing factors were
related to hygiene procedures: Salmonella contamination of the finishing room prior to loading of
a new batch of pigs, short down period in the fattening room, lack of flushing the drinking trough,
feeding strategy during the finishing phase (2 dry diets) and sanitary status of the pigs towards
digestive and respiratory pathogens (seroconversion/Lawsonia intracellularis, Porcine Respiratory
CoronaVirus (PRCV) and Swine influenza). 

In a second step, on the basis of these results, decisions were taken with the farmer in order
to reduce the number of risk factors on 5 consecutive batches of pigs. As far as possible, the lev-
els of the most failing parameters of the profile were changed. They were mainly related to
hygiene procedures: washing, cleaning and disinfection strategies in post-weaning and fattening
phases. Factors associated with feeding strategy and sanitary status could not be directly
changed by the farmer. Nevertheless, proposed hygiene measures should help to prevent diges-
tive and respiratory diseases. The profile of each of the 5 batches according to the risk factors is
obtained by means of a questionnaire. The Salmonella status of the pens in the finishing room
was assessed using sterile gauze swabs (Sodibox, La Forêt Fouesnant, France) after that the
hygiene routines were realized i.e. just before the pigs entered the room. In each pen, one swab
was used to wipe the bottom of the walls and the pen partitions and 1m2 of the slatted floor of
the pen. A room was considered Salmonella-residually contaminated as soon as one sample test-
ed positive for Salmonella. At 115 days old, a group of 10 piglets was selected at random. The
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pigs were individually identified. Serum samples were obtained twice from 10 randomized pigs: at
115 days old and just before shipping. The serum samples obtained were submitted to antibody
detection. The following infections were looked at: Lawsonia intracellularis (Knittel et al.,1998),
Swine influenza, PRRS and PRCV.

For each of the 5 batches reared under hygiene improvements, a few days before slaughter,
the Salmonella shedding was evaluated on the slatted floor soiled with faecal matter with
Pedichifs, i.e. sterile pairs of gauze socks (Sodibox, La Forêt Fouesnant, France). For each pen, the
sampling method consisted in walking on the floor wearing the Pedichifs. These sterile piece of
cotton cloth was pulled on sterile plastic over-boots. 

After use, the Sodibox soiled swabs and Pedichifs were placed into a sterile bag and brought
to our laboratory on the day they were collected. The Salmonella detection protocol involved four
steps. Environmental swabs and Pedichifs were incubated 20 hours at 37°C in respectively
150mL and 300mL of buffered peptone water (neutralised for the post cleaning and disinfection
swabs) (AES Laboratoire, Combourg, France). Following the pre-enrichment step, two selective
media were used: Müller-Kauffman Tetrathionate Broth (MKTB) and Modified Semi-Solid
Rappaport Vassiliadis agar (MSRV), incubated respectively 24 hours at 42°C and 48 hours at
41.5°C. The migrated plates of MSRV were isolated on Rambach agar plates and each MKTB on
Xylose-Lysine-Tergitol4 (XLT4) agar plates. Both media were incubated 24 hours at 37°C. The pre-
sumptive colonies (at least one per selective media) were biochemically confirmed on Kligler-
Hajna medium (AES Laboratoires, Combourg, France). All isolates were serotyped by agglutina-
tion following the Kauffman-White scheme using Salmonella polyvalent O and H antisera
(Diagnostics Pasteur, Paris, France) (Popoff and Le Minor, 1992). 

Results The period of time between the first check of the positive Salmonella status of the farm
and the second check aiming at assessing the effect of the changings on 5 batches of pigs varied
from 11 (first followed batch) to 14 months (last followed batch). Table I shows the situation of the
farm before and after the implementation of sanitary measures. On the 5 followed batches of
pigs, no one was found to be Salmonella contaminated at the end of the finishing phase.

Discussion The aim of our study was to evaluate the effect of the implementation of a preventive
programme based on the results of a previous survey on Salmonella shedding of fattening pigs.
In the present study, parallel modifications were undertaken so that the role of each risk factors
could not be tested, priority was given to the role of profiles. Salmonella shedding was assessed
by swabbing the environment of the pigs at the end of the finishing phase as it was tested in the
previous survey in 2001 (Fablet et al., 2003). So that, in both studies the same method and period
of pig’s life were used to describe the batch contamination.

In a first step, the positive Salmonella status of the farm was evaluated on 3 distinct batches of
pigs and at 3 different periods in the year (May–October 2003) to ensure the endemically
Salmonella contamination of the farm. In a second step, several changes were implemented on 5
successive batches of pigs to measure the strength of the situation overtime. Among the risk fac-
tors identified in the first check, only parameters related to hygiene procedures could be immedi-
ately and directly improved. Modifications dealing with the feeding system imply financial invest-
ment for a new process line. The farmer was not willing to change this point. The sanitary status of
the farm according to digestive and respiratory disorders was another failing parameter in the pro-
file which could not be directly changed. Nevertheless, improvement of hygiene level is often men-
tioned in the literature as a key factor especially for enteric diseases (McOrist and Ghebart, 1999).
By the way, proposed measures related to hygiene, aiming at reducing Salmonella shedding might
led to a better pig’s health. After implementation of a control programme, on the 5 followed batch-
es of pigs, no one was found to be Salmonella carrier at the end of the finishing phase. The results
of our study indicate that the Salmonella shedding status of the farm can be improved through the
implementation of relevant sanitary measures especially for cleaning and disinfection. The imple-
mentation of strict hygiene protocols (i.e. clean facilities, all-in/all-out management) is often men-
tioned in the literature as a method to control Salmonella contamination in pig farms (Berends et
al., 1996;  Fedorka-Cray et al., 1997;  Tielen et al., 1997;  Wong Lo Fo et al., 2002). The type of
approach here used that focussed more on profiles (i.e. on combinations of variables) than on one
factor taken in isolation is an appropriate way to prevent those multifactorial animal health prob-
lems. It is also valuable to reduce the risk of Salmonella shedding of finishing pigs. More generally,
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the results of properly designed studies of analytic epidemiology might be taken into account in
further prevention programmes of Salmonella contamination of finishing pigs.
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Variable Risky
Level

Before
3

batches

After Modifications

Hygiene 1 2 3 4 5

Frequency of sows’ faeces removal in the far-
rowing room (/day)

< 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2

Emptying the pit below the slatted floor between
2 batches of sows in the farrowing room

No Yes Yes Yes Yes Yes Yes

Duration of the down period in the farrowing
room (days)

< 5 $ 5 $ 5 $ 5 $ 5 $ 5 $ 5

Flushing the drinking trough in the post-wean-
ing section prior to loading of piglets

No No* Yes Yes Yes Yes Yes

Duration the post weaning room is “empty &
clean” before loading the followed pigs (days)

< 7 $ 7 $ 7 $ 7 $ 7 $ 7 $ 7

Duration the fattening room is “empty & clean”
before loading the followed pigs (days) # 3 > 3 <3* > 3 > 3 > 3 > 3

Salmonella contamination of the finishing room
prior to the introduction of batches of piglets

Yes Yes * Yes* No Yes* No No

Feed

Type of feeding during the fattening phase Dry Dry* Dry* Dry* Dry* Dry* Dry*

# of different diets during the fattening phase $ 2 2* 2* 2* 2* 2* 2*

Sanitary status

Antibiotic treatment in the 2nd half of the fatten-
ing period

Yes Yes* No No No No No

Seroconversion against Lawsonia intracellularis
in the 2nd half of the fattening phase

Yes Yes* No No No Yes* Yes*

Serological status of the followed batch regard-
ing PRRS3 at the end of the fattening phase

Pos1 Neg2 Neg Neg Neg Neg Neg

Serological status of the followed batch regard-
ing PRCV4 at the end of the survey

Pos Pos* Neg Neg Pos* Pos* Pos*

Serological status of the followed batch regard-
ing swine influenza

Pos Pos* Neg Neg Neg Neg Neg

Salmonella shedding status (number of positive
swabs) $ 1 $ 1 0 0 0 0 0

Table I : Profile of batches of pigs on the risk factors of Salmonella shedding at the end of
the fattening phase  before and after the implementation of a control programme (8 batch-
es, May 2003 to July 2004) .* : Risky level;  1Pos.: Positive; 2Neg.: Negative; 3 PRRS:
Porcine Respiratory and Reproductive Syndrome, 4 PRCV:Porcine Respiratory Corona Virus
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EFFECT OF CPG ON SWINE NEUTROPHILS AND USE
AGAINST SALMONELLA IN PIGS

Kenneth Genovese1*, Haiqi He1, Virginia Lowry2, and Michael Kogut1

*1USDA-ARS, Southern Plains Agricultural Research Center, Food and Feed Safety Research Unit, College Station, Texas
77845, USA, Ph: (979) 260-3756, Email: genovese@ffsru.usda.gov; 2Texas A&M University, College Station, Texas, USA

Abstract Neutrophil oxidative burst/degranulation activities were measured using CpG in vitro stim-
ulation. Neutrophils isolated from pigs 6 weeks of age were incubated with treatment for 1 hr at
39°C. Neutrophils had increased degranulation activity when treated with CpG when compared to
the activity of cells treated with non CpG. Neutrophils treated with CpG exhibited an increase in
oxidative burst. CpG resulted in levels of activity comparable to those observed with PMA stimula-
tion. Two of the swine CpG (p2006 and pD19) were chosen for administration to swine to observe
the effects on S. choleraesuis (SC) infection. Pigs were administered 1mg of CpG and subsequent-
ly challenged with SC. SC numbers in cecal contents in one CpG group were reduced by two to
three logs when compared to control numbers and other CpG groups. In addition, reductions in SC
positive rectal swabs, liver, spleen, jejunal, ileal, and colon colonization were observed.

Introduction The mammalian neutrophil is a first line of defense against invading pathogens and
represents an important part of the innate immune defenses. The immunostimulatory activities of
certain DNA antigens expressed by bacteria and other pathogens have been found to be linked to
the recognition of these antigens by host receptors in the Toll-like receptor (TLR) family of recep-
tors (Hemmi et al, 2000). Bacterial DNA has been found to be a potent immune stimulator and
this activity has been linked to the presence of a high frequency of unmethylated CpG dinu-
cleotides. CpG oligodeoxynucleotides (CpG-ODN) have been found to interact with TLR9 (Hemmi
et al, 2000; Bauer et al, 2001). This interaction leads to a cascade of intracellular signaling result-
ing in gene expression and the production of immunomodulatory molecules including cytokines,
helping to formulate aspects of both the innate and the adaptive host responses to invading
organisms (Freytag, Clements 2005). CpG-ODN could be used as adjuvants for vaccines to
increase their effectiveness as well as be used on their own as immune stimulators in domestic
food animals and in human medicine (Freytag, Clements 2005; Verfaillie et al, 2005). 

Salmonellae are known to colonize the gut of domestic swine and pose a risk for food born
disease in humans. In addition, multiple serotypes are known to cause disease in swine including
Salmonella choleraesuis, S. Typhimurium, and S. typhisuis, along with many others. Disease can
vary from enterocolitis, septicemia, pneumonia to meningitis/encephalitis and mortality. In
humans, food born disease from contaminated food products, including pork products, remains a
continuing public health concern.

The purpose of the present investigation was to compare the effects of CpG-ODN known to
stimulate immune responses in humans, pigs, and mice on neutrophils from swine in vitro and to
determine if the oral administration of CpG-ODN in weaned pigs would reduce gut colonization
and fecal excretion of S. choleraesuis in vivo.

Materials and Methods
Neutrophils were isolated from pigs (approx. 10kg body weight) using density gradient centrifugation.
CpG-ODN The following CpG-ODN and non-CpG containing control (n2041) (Biosource
International) were used for in vitro and in vivo (marked with “x”) assays:

pD19 G*G*T*G*C*A*T*C*G*A*T*G*C*A*G*G*G*G*G*G x
p2006 T*C*A*T*C*G*A*T*T*T*A*T*C*G*A*T*T*A*T*C*G*A*T x
n2041 C*T*G*G*T*C*T*T*T*C*T*G*G*T*T*T*T*T*T*T*C*T*G*G x
CpG#17 G*T*C*G*T*T*G*T*C*G*T*T*G*T*C*G*T*T

Degranulation assay Neutrophils (8x106 cells/ml) were incubated with respective stimulant for 1
hour at 39°C. Tubes were then transferred to an ice bath for 10 minutes. Tubes were centrifuged
at 250x g for 10min. at 4°C. Supernatants were then removed and stored at 4C. Each sample
supernatant (25µl) or appropriate standard was added to each well in a costar flat bottom elisa
plate #3915, non-treated, opaque and incubated with 50µl of freshly prepared substrate for 4h at
41°C in the dark. Stop solution was then added (200µl). Liberated 4-methylumbelliferone was
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measured fluorimetrically (excitation: 355nm, emission: 460nm) with a GENios Plus Fluorescence
Microplate Reader (Tecan US Inc.). Values were extrapolated from the standard curve.
Oxidative burst assay Production of ROS by swine neutrophils during oxidative burst was meas-
ured by the oxidation of DCFH-DA to fluorescent DCF. Neutrophils (1 ml at 8x106 cells/ml) were
incubated with stimulants and DCFH-DA (10µg/ml) for 1 h at room temperature. Aliquots (150µl)
were then placed into black 96-well plates and the fluorescence was measured using a GENios
Plus Fluorescence Microplate Reader (Tecan US Inc.) at 485 nm excitation and 530 emission
wavelengths. The fluorescent units were recorded (RFU).
In vivo S. choleraesuis study Twelve pigs, average weight 26kg, were randomly assigned to 1 of
4 groups. Pigs were orally administered the respective treatment or control (1mg/pig) in 2ml vol-
umes. Twenty four hours later, pigs were challenged by oral gavage with 109 colony-forming units
(cfu) of S. choleraesuis. Rectal swabs were obtained daily from each pig and pigs in all groups
were euthanized on day 7. At necropsy, tissues and contents from organs and the gut were cul-
tured for the presence of S. choleraesuis using standard isolation techniques.  

Results Results from in vivo culture of daily rectal swabs and tissue cultured for the presence of
S. choleraesuis are presented below.

< CFU determinations in cecal contents were as follows:
< 2041 – 3.4 x 103 CFU/g content
< p2006 – 3.5 x 103 CFU/g content
< pD19 – 10 CFU/g content
< SC control – 4.4 x 103 CFU/g content

Total # of positive samples/group in ICLN, Liver, spleen, jejunum, ileum, cecum, and colon combined:
< 2041 – 17/21
< p2006 – 15/21
< pD19 – 8/21
< SC control – 16/21

Total Number of daily rectal swabs positive for S. choleraesuis over 7 days:
< 2041 – 15/21
< p2006 – 17/21
< pD19 – 7/21
< SC control – 14/21

Results of the in vitro degranulation and oxidative burst assays are presented in Figures 1 and 2.

Discussion The use of CpG sequences as adjuvants or as direct immunostimulators presents a
novel tool for the reduction of pathogens in food animals as well as people. The induction of the
host’s endogenous immune mechanisms to fight infection and/or disease is also one way in
which food animal producers could reduce the use of antibiotics as prophylactic or growth pro-
moter measures, although a balance between growth potential of livestock and the energy costs
of host immune functions must be considered.  

In the present study, CpG DNA
(pD19) was found to reduce
Salmonella colonization in the gut and
organs of swine. In addition, neu-
trophils isolated from the peripheral
blood of pigs showed increased func-
tional characteristics in the presence
of CpG DNA (p2006, CpG 17, pD19)
sequences than those not exposed to
these sequences.  Studies in chickens
have also shown the effectiveness of
CpG DNA in protecting against
Salmonella infections and in stimulat-
ing the innate immune functions of
the avian host (He et al, 2005).
Although on their own, CpG
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sequences show promise in stimulating the host innate immune response, it is more likely that
they can be used optimally as adjuvants for current or new vaccines against diseases and food-
born pathogens.  

Conclusions CpG DNA (pD19) was found to be effective in increasing the function of porcine
neutrophils in vitro. In vivo, CpG DNA treatment of swine was found to reduce the shedding of
Salmonella as well as reduce the colonization of lymph nodes, spleen, liver and the gastrointesti-
nal tract of swine. Further study of the use of CpG sequences as adjuvants and as direct treat-
ments aimed at the reduction of food born pathogens in swine need to be conducted.  
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REDUCTION OF ANTIMICROBIAL RESISTANCE AS
INDUCED BY FLAVOMYCIN®

P.J.G. Oostenbach1 and  H. F. Kling2*
1Intervet International B.V., P.O. Box 31, NL 5830 AB Boxmeer, The Netherlands and 2Intervet Inc. P.O. Box 318,
Millsboro, DE 19966

Abstract The demand for pork and poultry products is strongly influenced by the consumers con-
cern for healthy and safe food. The topic of food safety mainly concentrates on Salmonella con-
tamination and is recently joined by the topic of antimicrobial resistance due to the use of antimi-
crobial growth promoters (AGP) in animal feed. Recent research findings on Flavomycin
(flavophospholipol), registered as an AGP for pigs, poultry and cattle, describe a reducing effect on
the development of antibiotic resistance and on the frequency of plasmid transfer.
Flavophospholipol does not induce an antibiotic resistance to antibiotics used for veterinary or
human therapy as it is not related to any antibiotic used for these purposes. Furthermore, it is
capable of reducing antibiotic resistance to other antibiotics. This effect seems to be yielded by
interfering in the biosynthesis of the plasmid bridge (pylus) which is a prerequisite for the genetic
transfer from one bacteria to another.

Introduction The demand for pork and poultry products is strongly influenced by the consumers
concern for healthy and safe food. The topic of food safety mainly concentrates on Salmonella
contamination and is recently joined by the topic of antimicrobial resistance due to the use of
antimicrobial growth promoters (AGP) in animal feed. Latest findings on flavophospholipol, regis-
tered as AGP for pigs, poultry and several other species, describe a reducing effect on the devel-
opment of antibiotic resistance and on the frequency of plasmid transfer.

Methods For the first investigation, conducted at the University of Maastricht (The Netherlands)
by van den Boogard (2002), 168 piglets were infected per oral administration with non-pathogen-
ic E. coli strains, with a known multi resistance pattern. Four weeks later the animal’s feces were
analyzed for the
occurrence of E.
coli and van-
comycin resistant
enterococci (VRE).
Furthermore the
isolated E. coli
strains were tested
for their sensitivity
to various antibi-
otics (ampicillin,
oxytetracycline,
trimethoprime, sul-
phamethoxazole,
ampicillin + oxytet-
racycline). After
that the piglets
were divided into
three groups. Feed
of group I served
as control, feed of
group II was sup-
plemented with
9ppm FlavomycinTM

and the feed for
group III was sup-
plemented with 15ppm avoparcin. Just before being
slaughtered animals feces was analyzed again in the

Human 
therapy

Veterinary
therapy

AGP

Lincosamides x x lincomycin

Nitrofurans x x Furox, nitrofurazone

Novobiocines x

Penicillines x x Peni- ampi-, amoxycillines

Cephalosporines x x Naxcel

Pleuromutilines x Tiamulin

Quinolones x x Baytril, saraflox

Rifamycines x x

Sulfonamides x x All sulfas, rofenaid

Tetracyclines x x Oxy- and chlortetracyclines

Macrolides x x + Tylosin, spiramycin1

Polypeptides x x + Bacitracin1

Orthosomycines ? x Avilamycin

Streptogamines x + Virginiamycin1

Glycopeptides x + Vancomycin, avoparcin1

Phosphoglycolipids x Flavophospholipol

Polyether ionophores x Salinomycin, monensin

Quinoxalines + Carbadox2, olaquindox2

Table 1: Major antibiotic classes and their usage in EU
+ = phased out
1 = phased out in 1999 due to resistance concerns
2 = phased out in 1999 due to other health concerns
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same manner as described above. The other trial was conducted by Riedl et. al (2000). Three van-
comycin A-resistant field strains of Enterococcus faecium were co-cultivated with some
Enterococcus faecium strains which were still sensible to vancomycin A. The transfer frequency
of vancomycin A resistance encoding plasmids was examined after giving various concentrations
of flavophospholipol to the nutrient solutions. For control vancomycin A itself was mixed into the
cultivated solution in different concentrations.

Results The first study clearly shows an increase of antibiotic resistance of the isolated E. coli
strains to all tested antibiotics in the control and in the avoparcin group. In the FlavomycinTM group
the occurrence of antibiotic resistances was unchanged or slightly diminished. The prevalence of
VRE in the vancomycin-group increased significantly during the trial as compared to the control
and flavophospholipol group. The other experiment resulted in a decrease of the transfer of van-
comycin A resistance encoding plasmids in a dose dependent manner in the presence of
flavophospholipol. In the presence of vancomycin this effect was not observed.

Conclusions
1. Flavophospholipol does not induce an antibiotic resistance to antibiotics used for veterinary 

or human therapy as it is not related to any antibiotic used for these purposes. 
2. Furthermore it is capable of reducing antibiotic resistance to other antibiotics. This effect 

seems to be yielded by interfering in the biosynthesis of the plasmid bridge (pylus) which is 
a prerequisite for the genetic transfer from one bacteria to another.

3. These findings confirm previous studies by Dealy and Moeller, which described 
flavophospholipol’s ability to significantly reduce the number of antibiotic-resistant 
Salmonella in pigs and calves.

References
Dealy, J., and M.W. Moeller, 1977, Influence of bam-
bermycins on salmonella infection and antibiotic resist-
ance in calves. Journal of Animal Sciences 44: 734-738

Dealy, J., and M.W. Moeller, 1976, Influence of bam-
bermycins on salmonella infection and antibiotic reisi-
tance in swine. Journal of Animal Sciences 42: 1331-
1336

Riedl, S, K. Ohlsen, G. Werner, W. Witte and J. Hacker,
Antimicrobial Agents and Chemotherapy 44: 3189-3192

van den Bogaard, A.E., M. Hazen, M. Hoyer, P.
Oostenbach and A. E. Stobberingh, 2002, Effects of
flavophospholipol on resistance in fecal Escherichia coli
and Enteroccoci of fattening pigs. Antimicrobial Agents
and Chemotherapy 40: 110-118

Figure 1: Comparison reduction in resistance 12 weeks
after oral colonisation with multi resistant E. coli (white=all
groups, light gray=controls, dark gray=avoparcin, and
black=Flavomycin). Average resistance level (%)= (number
cfu antibioticum containing plate/number cfu antibiuticum
free plate)x100; a:P<0.05 in comparison to the start of the
study; b: P<0.05 in comparison to the Flavomycin group.

Figure 2: Effect of different concentrations of
flavomycin on the transfer frequency of the
VanA plasmids in donor strains Aw2 (square)
2E121198 (triangle) and 2121198 (circle).
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REDUCING EFFECT OF FLAVOMYCIN® ON SALMONELLA
SHEDDING AND ANTIBIOTIC RESISTANCE IN PIGS

P.J.G. Oostenbach1 and H. F. Kling2*
Intervet International B.V., P.O. Box 31, NL 5830 AB Boxmeer, The Netherlands and
Intervet Inc. P.O., Box 318, Millsboro, DE 19966

Abstract The demand for food from pork origin is strongly influenced by the consumers’ concern
for healthy and safe food. The topic of food safety mainly concentrates on Salmonella contamina-
tion and is recently joined by the topic of antimicrobial resistance due to the use of antimicrobial
growth promoters (AMGP’s) in animal feed. Recent studies on Flavomycin (flavophospholipol),
registered as AMGP for pigs, describe a reducing effect on Salmonella shedding and antibiotic
resistance. Flavophospholipol does not induce an antibiotic resistance to antibiotics, which are
used for veterinary or human therapy as it is not related to any antibiotic used for these purposes.
Furthermore, it is capable of reducing Salmonella shedding and antibiotic resistance to other
antibiotic, which are two major benefits to food safety.

Introduction The demand for food from pork origin is strongly influenced by the consumers’ con-
cern for healthy and safe food. The topic of food safety mainly concentrates on Salmonella con-
tamination and is recently joined by the topic of antimicrobial resistance due to the use of antimi-
crobial growth promoters (AMGP’s) in animal feed. Recent studies on Flavophospholipol, regis-
tered as AMGP for pigs, describe a reducing effect on Salmonella shedding and antibiotic resist-
ance. This product was not affected by the EC ban on AMGP’s in 1999, as of 01/01/2006, the
class of AMGP will be deleted from the European feed additive legislation. The product is not
banned, but the complete class is. Flavomycin is not related to any antibiotic used for veterinary
or human therapy.

Reduction of Salmonella Shedding The Fifth Amendment of the Feed Additive Directive
(70/524/EEC) requires the submission of information on the possible effect of feed additives on the
excretion of food-borne pathogenic bacteria like Salmonella and Campylobacter. Accordingly a
study was conducted in broilers to satisfy the requirement for the commercial product
Flavomycin®. Results show that Flavomycin® reduced significantly (P< 0.05) the level of Salmonella-
shedding and the number of broilers shedding S. enterica at slaughter age. These results confirm
previous studies in pigs in which a reduction of the duration and prevalence of Salmonella-shedding
was observed. In this study a non medicated control group was compared to a group that was fed
a Flavomycin-supplemented feed. At 6 weeks of age all pigs were inoculated by gavage with 2.5 X
1011 of a multi-resistant Salmonella Typhimurium strain. Fecal samples were taken from all pigs on
days 2, 4, 7, 10, 12, 14, 21, 28, 35, 42 and 49. 

The percentage of pigs shedding Salmonella is summarized in figure 1. Comparing the propor-
tion of all animals having positive Salmonella-counts by group for all time periods, as presented in
Figure 1, illustrates that Salmonella was more prevalent (P < 0.01) in the non-medicated group for
the 2–35 day period.

Reduction of Antibiotic Resistance The concern on antibiotic resistance is that the plasmids car-
rying this antibiotic resistance may be transferred by a plasmid bridge (pylus) from non pathogenic
intestinal bacteria in animals to human pathogens. Flavophospholipol interferes in the biosynthe-
sis of this pylus and therefore prevents this genetic transfer and actually reduces the number of
resistance carrying bacteria. This reducing effect of Flavomycin® on plasmid-bound antibiotic
resistance has already been described since the early 70’s. A recent study conducted in pigs by
van den Bogaard confirmed the reducing effect of Flavomycin on antibiotic resistance. Summary
results are presented in figures 2 and 3. 

These results clearly indicate that Flavophospholipol significantly reduces vancomycin resist-
ance in enterococci (VRE) and antibiotic resistance in E. coli.
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Conclusions Flavophospholipol does not induce an antibiotic resistance to antibiotics, which are
used for veterinary or human therapy as it is not related to any antibiotic used for these purposes.
Furthermore it is capable of reducing Salmonella shedding and antibiotic resistance to other
antibiotics, which are two major benefits to food safety. 
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EFFECT OF BENZOIC ACID IN THE FEED ON 
SALMONELLA TYPHIMURIUM IN WEANED PIGS

Charlotte S. Kristensen1*, Lisbeth Jørgensen2, Jaap Boes1

*1National Committee for Pig Production, Danish Bacon & Meat Council, Vinkelvej 11, DK-8620 Kjellerup, Denmark, Ph: 0045-
8771-4039, Email: csk@danishmeat.dk; 2National Committee for Pig Production, Danish Bacon & Meat Council, Axelborg,
Axeltorv 3, DK-1609 Copenhagen, Denmark

Abstract The effect of benzoic acid on Salmonella Typhimurium was compared to formic acid +
lactic acid in naturally infected weaners. Addition of 1% benzoic acid or 0.5% lactic acid + 0.5%
formic acid did not result in a significant reduction of Salmonella prevalence, neither bacteriologi-
cal nor serological, after 5 weeks of administration, compared to a control diet consisting of pel-
leted feed without organic acid. In contrast, adding organic acid to the diet improved average daily
gain and other production parameters, irrespective of the type of acid.

Introduction Reduction of Salmonella infection pressure in pig herds can be achieved in different
ways, e.g. through feed intervention strategies. Many studies have shown a decrease in
Salmonella prevalence in pigs following the use of meal feed instead of pelleted feed, inclusion of
barley in the diet, coarse grinding, and addition of organic acids (e.g. Jørgensen et al, 2003).
Especially addition of organic acids such as formic acid and lactic acid have proven very fast and
effective means to reduce Salmonella prevalence rapidly in problem herds.

Recent experimental work at the Danish Institute of Agricultural Science (DIAS) has shown
very promising effects of benzoic acid on Salmonella. In vitro studies showed that benzoic acid
was much more potent in the reduction of Salmonella compared to the documented effects of
formic acid and lactic acid. Therefore, it was decided to carry out an intervention study with the
aim to measure the effect of benzoic acid on natural Salmonella infections in weaned pigs and to
compare its effect with an often used and well documented combined feed intervention of formic
and lactic acid.

Materials and Methods The study was performed at an experimental farm in Jutland, with facili-
ties for raising pigs from 7 to 30kg. Pigs were purchased weighing 6-8kg (one week after wean-
ing) from a farm that had been experiencing recurring problems with Salmonella Typhimurium dur-
ing a one-year period. Repeated fecal sampling and bacteriological analysis using pen floor sam-
ples had revealed a persistent high prevalence in weaner pigs of 40-50%. Upon arrival at the
experimental farm, the pigs were randomly assigned to one of three experimental groups:

1) Pelleted feed without organic acids (control)
2) Pelleted feed with addition of 0.5% lactic acid + 0.5% formic acid
3) Pelleted feed with addition of 1% benzoic acid

Each group contained 226 pigs, which were housed pen-wise in groups of 6 pigs, i.e. 37 pens per
treatment group. All pigs were fed a standard weaner diet during the first two weeks after arrival.
Subsequently, from week 3 to week 7 the pigs were fed the experimental diets as described above. 

Excretion of Salmonella was monitored at pen level by examining rectal fecal samples from 5
pigs in each pen as 1 pooled sample five weeks after the start of the experimental diets. To
improve the probability of detection, this procedure was carried out in duplicate in each pen, and
at the laboratory all samples were incubated for 48 h instead of 24 h. In addition, blood samples
were collected from all pigs 5 weeks after the start of the experimental diets and examined for
antibodies against Salmonella enterica using the Danish mix-ELISA. 

Finally, average daily gain and feed units per pigs (FUp) were recorded to assess the effect
organic acids on produc-
tion parameters. Disease,
medical treatment and
mortality were also
recorded at pen level.

Results The prevalence of
Salmonella-positive pen

Group
# of
pens

% Salmonella-
positive pens

Relative
Risk

95% C.I. P-value

Lactic+formic acid 37 43.2 1.07 0.62-1.83 0.81

Benzoic acid 37 40.5 1.00 0.58-1.74 1.00

Control 37 40.5 1
Table 1. Prevalence of Salmonella in weaners
fed diets with or without organic acids.
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fecal samples following 5 weeks on control or acid-containing diets is shown in Table 1. Salmonella
prevalence was approx. 40% in all three groups, resulting in very minor and non-significant relative
risk estimates in both acid groups compared to the control group. 

When instead the number of positive samples in each group was compared (because two
pooled samples had been analyzed per pen), Salmonella prevalence varied from 35.1% to 37.8%
but again this difference was non-significant. In 22% of Salmonella-positive pens, Salmonella was
only detected in one of two samples, whereas in the remaining positive pens both samples were
positive for Salmonella. In the majority of positive samples (70%) Salmonella was detected
already after 24 h of incubation. Neither the number of Salmonella-positive samples/pen nor the
incubation time (24 h vs. 48 h) was significantly different between the three groups.

The results of the serological testing showed slightly reduced seroprevalences in pigs fed
formic acid + lactic acid (19.6%) and benzoic acid (18.6%) compared to pigs fed the control diet
(24.5%). However, these differences were not significantly different.

The effect of diet on the production parameters is shown in Table 2. Adding 1% organic acid to
the feed significantly improved production parameters in weaned pigs, irrespective of the type of acid
used. There was no significant difference in productivity between the two types of organic acids.

Discussion The results of our study did not show a significant effect of either lactic acid + formic
acid or benzoic acid on the prevalence of Salmonella in weaner pigs. This is in contrast to a previ-
ous study, where addition of 2.8% lactic acid in the feed resulted in a significantly reduced
Salmonella prevalence in weaners (Jørgensen et al, 2001). Furthermore, the promising in vitro
effect of benzoic acid observed at DIAS (Bent Borg Jensen, personal communication) could not
be shown in naturally infected pigs. It cannot be excluded that a 1% mixture of organic acid is too
low a dosage to have any measurable effect on Salmonella, especially when the infection pres-
sure in the farm of origin is high. Another explanation may be that the effect would first become
apparent after the 5-week study period, but then at least a decreasing trend would have been
expected during the first five weeks in the groups fed acidified feed.

Productivity was improved significantly by adding organic acids to the diet of the pigs. This is
in concordance with other studies using organic acids in feed for pigs. Addition of organic acids
resulted in a 5.2% increase in average daily gain and an improvement of FUp/kg growth of 1.7%.
This means that the extra cost of adding organic acid to pig feed to combat Salmonella will be
compensated by improved productivity.

Conclusions Addition of 1% lactic/formic acid or 1% benzoic acid to a weaner diet during a 5-
week period after weaning did not result in a reduction of Salmonella prevalence in pigs bought
from a naturally infected farm. Addition of organic acids increased pig productivity significantly.
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Parameter Control Lactic+formic acid Benzoic acid

Average daily gain 630 655 691

FUp/pig/day 1.06 1.08 1.15

FUp/kg growth 1.67 1.63 1.67

Index 100a* 105b 108b

Table 2. Effect of Salmonella-reducing feed
containing organic acids on pig productivity
*Values with different subscripts differ sig-
nificantly at the 95% confidence level
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PERSISTENCE OF SALMONELLA TYPHIMURIUM IN
PORCINE GUT MICROFLORA

Timothy J. Anderson, Toni L. Poole, Robin C. Anderson*, David J. Nisbet
*United States Department of Agriculture, Agricultural Research Service, Food & Feed Safety Research Unit, College Station,
TX, 77845, USA, Ph:  01-979-260-9317, Email: anderson@ffsru.tamu.edu

Abstract Chlortetracycline administration, at 55 mg/l, to a continuous flow culture of mixed
porcine gut bacteria enhanced the rate of clearance of a chlortetracycline resistant Salmonella
Typhimurium from the culture, although the Salmonella was eventually excluded from the culture
by 8 days post challenge. As expected, chlortetracycline administration, at 110 mg/l, to a continu-
ous flow culture of mixed porcine gut bacteria had little effect on the persistence of a chlortetra-
cycline resistant strain of Salmonella Typhimurium. The competitive fitness of this resistant strain
was enhanced even during culture in the absence of chlortetracycline, thus indicating that even
without potentially selective effects of chlortetracycline on the continuous flow culture’s resident
flora, the resistant Salmonella was more competitive than its sensitive Salmonella counterpart.  

Introduction Feed additives have been used in the animal industry for over three decades to
improve growth rate, feed utilization and reduce both morbidity and mortality from bacterial infec-
tions (Dritz et al, 1997). The wide spread use of antibiotics as feed additives; however, has raised
concerns that a reservoir of antibiotic resistant bacteria may become established in the animal
and its environment. Whereas the ability of a healthy gut microflora to exclude enteropathogens
in the absence of antibiotics has been widely reported, much less is known regarding the gut
flora’s exclusion potential when in the presence of an antibiotic, especially when the competing
pathogen expresses resistance to the administered antibiotic. The purpose of the present study
was to determine the fitness of chlortetracycline sensitive and resistant Salmonella enterica
serovar Typhimurium during competition in a mixed population of porcine gut bacteria grown in
continuous flow culture with or without chlortetracycline exposure.  

Materials and Methods Continuous flow cultures of Salmonella Typhimurium were established
with a mixed population of porcine cecal bacteria as previously described (Harvey et al, 2002;
Hume et al, 2001). Briefly, 1,150-ml chemostat vessels containing 1,050 ml of Viande Levure (VL)
broth (Barnes et al, 1979) were inoculated with cecal contents collected from a healthy pig (Hume
et al, 2001) and incubated anaerobically at 39°C. The continuous flow cultures were operated at a
dilution rate of 0.0416 per hour which corresponds to a flow rate of 0.80 ml/min and a vessel
turnover time of 24 h. Continuous flow cultures of mixed cecal bacteria reached steady state after
approximately 14 vessel turnovers at which time 100 ml of Salmonella Typhimurium (of pig origin)
grown overnight at 37°C in Typtic Soy Broth broth was added.  

For treated cultures, chlortetracycline (55 or 110 mg/l) was administered to both the medium
reservoir and chemostat vessel immediately after Salmonella addition. Samples taken from the
mixed culture chemostats at the times indicated were serially diluted (10-fold) in sterile phosphate
buffered saline (PBS, pH 7.0) and plated on Brilliant Green Agar (BGA) (Oxoid, Unipath LTD.,
Basinstoke, Hampshire, UK) and incubated at 37°C overnight.  All experiments were performed in
duplicate and means from each treatment were analyzed for differences using a Student’s t test
with PC-SAS version 6.02 Statistical Software (SAS Institute Inc., Cary, NC, USA).

Results Concentrations of a chlortetracycline sensitive Salmonella Typhimurium varied little imme-
diately after addition to the mixed culture chemostats and were reduced to undetectable levels (<
10 CFU/ml) in the mixed culture chemostat by 8 days of culture whether cultured in the absence
or presence of 55 mg/l chlortetracycline (Figure 1). However, when cultured in the presence of
chlortetracycline, the sensitive Salmonella was reduced to a significantly greater degree (P#0.05)
for each day from day 2 through day 7 when compared to that of the control. Consequently, this
sensitive Salmonella strain was reduced to undetectable levels 3 days faster when grown in the
presence of 55 mg/l chlortetracycline than when grown without the antibiotic treatment.
Chlortetracycline resistant Salmonella Typhimurium were not detected throughout the course of
this ten day study. 
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To determine if antibiotic resistance offers a bacterium a selective advantage over the endoge-
nous microflora under conditions of antibiotic selection, a chlortetracycline resistant Salmonella
Typhimurium was added to mixed culture chemostat and 110 mg/l chlortetracycline was added to
the culture medium and chemostat vessel.  Over the first six days, this resistant Salmonella was
excluded at almost the same rate during culture in both the treated and untreated chemostats
(Figure 2).  On days 7 through 14, concentrations of chlortetracycline resistant Salmonella
Typhimurium were lower (P#0.05) in the chemostats treated with 110 mg/l chlortetracycline than
in untreated control vessels. 

Discussion/Conclusion Presently, we report results from a study modeling the competitive fit-
ness of chlortetracycline sensitive or resistant Salmonella Typhimurium during continuous flow
culture in mixed populations of commensal pig gut bacteria. These model populations are particu-
larly well suited for studying biological processes occurring within complex and dynamic ecosys-
tems because they offer an effective yet affordable way to simulate competitive processes that
occur in natural habitats (Harvey et al, 2002; Hume et al, 2001; Nisbet et al, 2000). We found that
the addition of chlortetracycline at a level approximating its use as a growth promoter caused a
rapid decrease in Salmonella Typhimurium over the first 5 days as compared to untreated control
cultures; however, in both treated and untreated cultures Salmonella Typhimurium was reduced to
undetectable levels by day 8. This suggests that chlortetracycline was effective against this sensi-
tive Salmonella but that even without antibiotic treatment, the Salmonella strain was effectively
eliminated by the cultures resident microflora. The mixed culture received a single challenge by
Salmonella in this study; however, whereas under natural conditions of exposure it would be
expected that animals may be chronically exposed to Salmonella Typhimurium via contaminated
feed, water or from animals whose normal microflora has been disrupted through disease or
other mitigation. Contrary to that observed with a human volunteer exposed to tetracycline,
where resistant colonies from feces peaked within 2 days after exposure (Levy, 1997), chlortetra-
cycline resistant Salmonella Typhimurium were not detected over the course of our first study.  It
is not clear, however, whether the development of resistance did not occur or that our cultural
conditions were not conducive for recovery of chlortetracycline resistant Salmonella, which may
have otherwise been compromised in their competitive fitness.

Under conditions of antibiotic selection it would be expected that antibiotic resistant bacteria
would have a selective advantage over the normal susceptible microflora. In our second study,
chlortetracycline appeared to provide little, if any, direct selective advantage to a resistant
Salmonella Typhimurium as concentrations of bacterium appeared to diminish within the continu-
ous flow cultures at nearly equal rates regardless of whether cultured in the presence or absence
of chlortetracycline. However, even in the absence of chlortetracycline, and thus in the absence of
antibiotic pressure against the resident microflora, the resistant Salmonella Typhimurium appears
to have been more competitive than that observed with the sensitive Salmonella Typhimurium in
the first study. For instance, the resistant Salmonella persisted longer, for at least 14 days, and at
concentrations 10 to 100-fold higher in the mixed pig flora populations. This suggests that acquisi-
tion of compensatory mutations in this chlortetracycline resistant Salmonella strain may have con-
ferred competitive fitness independent of resistance to added chlortetracycline.   
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Figure 1. Clearance of chlortetracycline sensitive Salmonella
Typhimurium from a mixed population of porcine cecal bacteria
cultured in continuous flow culture in the absence or presence
of chlortetracycline treatment. Open circles indicate cultures
with no selection, filled-in circles indicate cultures treated with
55 mg/l chlortetracycline. Error bars indicate standard deviation.

Figure 2. Clearance of chlortetracycline resistant Salmonella Typhimurium
from a mixed population of porcine cecal bacteria cultured in continuous
flow culture in the absence or presence of chlortetracycline treatment.
Open circles indicate cultures with no selection, filled-in circles indicate cul-
tures treated with 110 mg/l chlortetracycline. Error bars indicate standard
deviation.
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ON-FARM CONTROL MEASURES FOR THE REDUCTION
OF SALMONELLOSIS IN PIGS
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Abstract A longitudinal study of the prevalence of Salmonella spp. was carried out on 12 Irish pig
farms, which included farrow-to-finish herds and specialised finishing units. The main objective of
the project was to evaluate the efficacy of control measures implemented at farm level on highly
infected farms. Control measures included the use of in-feed additives and /or improved hygiene
and biosecurity measures. Prevalence of infection was monitored bacteriologically and serological-
ly. Blood and faecal samples were collected from pigs at all production stages at 6-month intervals
and in addition, serological status of finishing pigs was monitored at slaughter. Preliminary results
suggest that some improvement occurred on all farms following implementation of controls for 12
months. Results for one of the in-feed additives (FormiTM) appear promising although as complete
data are not yet available this preliminary conclusion should be interpreted with caution. 

Introduction The presence of Salmonella spp. on farms and in abattoirs is a serious food safety
issue with pork being a significant contributor to human salmonellosis in Ireland (Boughton et al.,
2004; Duffy et. al., 1999; Berends et al., 1998). Typhimurium is the predominant serotype isolated
from Irish pigs and pork and a significant percentage of isolates are the multidrug resistant phage
types 104 and 104b (Boughton et al., 2004; Department of Agriculture and Food, unpublished data). 

A National Salmonella Control Programme was enacted into law in Ireland in 2002 [SI
165/2002: Abattoirs Act Veterinary Examination (Amendment) Regulations 2002]. Results from a
serological monitoring system of slaughter pigs are used to assign salmonella status to herds. The
Danish mix-ELISA is the test on which categorisation is based (Nielsen et al., 1995) and herds are
categorised according to the number of positive pigs: category 1: <10% positive, category 2: 10 -
49% and category 3: $50% positive. Processing plants must implement special control meas-
ures when slaughtering pigs from Category 3 herds and thus, the costs of processing meat from
such herds are higher. It is envisaged that these costs will be transferred to the producer in the
future but currently the abattoir bears all the cost. 

Although substantial information is available on the factors affecting the prevalence of infec-
tion with Salmonella spp. on pig farms in other countries (Beloiel et al. 2004; Lo Fo Wong et al.
2004; Van Der Wolf et al. 2001), few studies have been conducted in Ireland to determine the
farm factors contributing to high levels of infection with Salmonella spp. In addition, there have
been no studies in Ireland examining the success rate of special measures implemented on farms
to control infection with Salmonella spp. The principal objective of this project was to evaluate the
efficacy of control measures implemented at farm level on highly infected farms. The study was
limited in that it was conducted on commercial pig farms which did not allow split-herd trials to
be implemented. Nevertheless, the study involves monitoring of farms over a prolonged period (at
least two years) and thus useful information on the ability of farmers to maintain improvements in
salmonella status can be generated.

Materials and Methods
Farm description & Control measures Pig farms were included in the study only if they were
classified as Category 3 at time of selection. As can be seen from Table 1, 4 of the 12 farms had
changed to Category 2 status at time of first sampling but these data only became available after
initial sampling had been completed. The farms comprised farrow-to-finish herds and specialised
finishing units. Selected farms broadly fell into 3 groups based on the type of control measures
implemented for Salmonella spp. infection. Group 1 included 2 units: Farm A, a 500-sow unit and
Farm B, a 200-sow unit. Control measures on these farms consisted of improved biosecurity and
cleaning and disinfection procedures. Group 2 farms relied principally on the in-feed additives
Bact-A-CidTM (Agil Products, Nutrifarm Trading) and/or PrefectTM (Agil Products, Nutrifarm Trading):
Farm C, a 230 sow unit improved hygiene measures and fed Bact-A-CidTM at levels of 5kg/tonne of
feed to finishing pigs, Farm D, a 130 sow unit, increased washing frequency and fed Bact-A-CidTM
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at 2kg/tonne to sows and PrefectTM at 2kg/tonne to growing and finishing pigs, Farm E, a 250 sow
unit, increased use of disinfection and fed PrefectTM at 5kg/tonne to just-weaned pigs and Bact-A-
CidTM at 4kg/tonne to growing and finishing pigs and at 5kg/tonne to sows. Group 3 farms (Farms
F to K) employed the in-feed additive FormiTM (BASF). Farms F, G, H and I all belonged to the same
farmer with Farm F being a 530-sow unit which supplied growing and finishing pigs to units G, H
and I. On these farms FormiTM was fed to sows at 8kg/tonne, to piglets at 9kg/tonne and to grow-
ing and finishing pigs at 6kg/tonne. Farm J, a 360-sow unit, fed FormiTM at 6kg/tonne to finishing
pigs. Farm K, a 900-sow unit and Farm L, a 120-sow unit fed FormiTM at 6kg/tonne to finishing
pigs.  Farms F, G, H, I and K relied solely on FormiTM whereas farms J and L employed improved
hygiene and biosecurity measures also.
Sampling scheme Farms were sampled at approximately 6-monthly intervals. Bacteriological
samples consisted of composite pen faecal samples. On average, 16 samples were collected
from first stage weaned pigs (W1, 4 to 7 weeks old), 20 samples from second stage weaned pigs
(W2, 7-12 weeks old), 40 samples from finishing pigs (13-26 weeks of age), 10 samples from dry
sow houses, 15 from farrowing houses, 5 from gilt pens and 2 from boar pens. Blood samples for
serological testing were collected from 20 W1, 20 W2, 60 finishing pigs, 20 dry sows and 10 gilts. 
Procedures for the recovery of Salmonella from samples Briefly, 10g faecal samples were pre-
enriched in 90ml BPW (LAB M) and incubated for 18-24 h at 37°C, followed by selective enrich-
ment in Rappaport-Vassiliadis soya broth (LAB M) 41.5°C for 24 h. Samples were plated onto
mannitol lysine crystal violet brilliant green agar (MLCB; LAB M) and brilliant green agar (BG; LAB
M) after both 24 h and 48 h of selective enrichment. Up to five suspect colonies per plate were
identified by subculture onto MacConkey agar (LAB M), inoculation of triple sugar iron agar (LAB
M) slopes and lysine decarboxylase broth (OXOID) followed by serotyping.
Serological testing Samples were tested using an in-house mix-ELISA test as described by
Nielsen et al. (1995).  

Results Preliminary results only are available to date.  Data presented in Table 1 show that no farm is
in Category 3 following implementation of control measures for approximately 12 months.
Bacteriological and serological results for finishing pigs tend to support the improvements recorded in
official salmo-
nella status
on most
farms,
although
increases in
serological
prevalence
are recorded
for Farms C
and D and
increases in
bacteriologi-
cal preva-
lence on
farms E and
K. Improve-
ments
appear to be
more marked
for those
farms using
FormiTM than
for farms in groups 1 or 2.

Data presented in Table 2 show a
progressive increase in the number
of seropositive animals as age

Farm &
Group1

Salmonella status before controls Salmonella status after controls

Category
Bacteriological

prevalence
Serological
prevalence

Category
Bacteriological

prevalence
Serological
prevalence

Group 1

Farm A 3 19/28 (68) 8/40 (20) 2 ND2 ND

Farm B 3 3/40 (8) 19/40 (48) 2 1/40 (2) 8/60 (13)

Group 2

Farm C 3 5/23 (22) 10/38 (26) 2 6/40 (15) 28/60 (47)

Farm D 2 9/30 (30) 10/35 (29) -3 1/41 (2) 6/60 (10)

Farm E 3 3/40 (8) 8/40 (20) 2 6/36 (17) 6/40 (15)

Group 3

Farm F 3 12/12 (100) 24/45 (53) 2 1/21 (5) 4/60 (7)

Farm G 3 27/35 (77) 26/70 (37) 2 10/29 (34) 7/60 (12)

Farm H 2 8/25 (32) 3/20 (15) 1 0/31 (0) 4/40 (10)

Farm I 2 25/35 (71) 11/40 (28) 1 0/27 (0) 0/60 (0)

Farm J 2 4/40 (10) 18/60 (30) 2 1/48 (2) 4/60 (7)

Farm K 3 0/30 (0) 5/40 (12) 2 5/24 (21) 5/40 (12)

Farm L 3 2/45 (4) 4/40 (10) 1 0/39 0/60 (0)
Table 1. Bacteriological and serological prevalence of Salmonella spp. in
finishing pigs on 12 farms highly infected with Salmonella spp. before
and following implementation of control measures for c. 12 months.
Percentages are in brackets. 1Group 1 controls = improved hygiene and
disinfection procedures, Group 2 controls = improved hygiene measures
and feeding of Bact-A-Cid/Prefect, Group 3 controls=Feeding of FORMI;
2ND=not done; 3Unavailable as pigs sold to Northern Ireland
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increases.  A similar trend is seen in the number of bacteriologically positive samples with the
exception that bacteriological prevalence is less in samples collected from sows compared to
samples collected from finishing pigs and gilts. 

Discussion The study is ongoing and all the results are preliminary pending collection and analy-
sis of further data.

The results presented herein demonstrate that the novel food additive used on several farms
(FormiTM) is showing promising results. FormiTM is expensive compared to other feed additives and
further work on its cost effectiveness is required. In addition, studies on whether effective control
of Salmonella spp. can be maintained through the use of this product or whether control could be
achieved through using FormiTM periodically rather than continuously would be useful.

Although the data are incomplete, results from farms in Groups 1 and 2, together with other
serological data which are not presented in this paper, suggest that control of Salmonella levels
on these farms was more difficult to maintain. It is well known that improved hygiene and disin-
fection procedures are important in the control of contamination with salmonellae on pig units
(Fedorka-Cray et al., 2000). Gray and Fedorka-Cray (2001) stated that the control of all Salmonella
spp. in the environment must include removal of all organic matter followed by thorough disinfec-
tion. Therefore, a lack of efficacy of the measures implemented might have resulted in failure to
significantly reduce levels of Salmonella spp. Labour shortages on pig units and lack of incentive
(processing plants currently carry all costs of Salmonella control in Ireland) may explain failure to
maintain initial improvements.

The efficacy of the in-feed additives, Bact-A-CidTM and PrefectTM is unclear. Campbell et al.
(2003) failed to show any effect of Bact-A-CidTM on the gut flora of pigs. On the other hand,
numerous studies (Gardiner et al, 2003; Jorgensen et al, 2003; Lo Fo Wong et al, 2004) found
that acidified feeds (produced either by adding lactic acid bacteria, organic acids or whey) signifi-
cantly reduced Salmonella seroprevalence compared to standard pelleted feed.

Culture results in Table 2 are broadly similar to those reported by Christensen et al, 1999.
Reduced bacteriological prevalence in lactating sow samples is probably associated with the high
standard of hygiene of farrowing houses on most farms. The opposite is true of gilt pens. These
tend to be overcrowded and cleaned infrequently. The low level of seropositive results in W1
stage (Table 2) might be associated with relatively small amount of positive faecal samples found
in farrowing pens. 

Preliminary Conclusions Preliminary results suggest that some improvement occurred on all
farms following implementation of controls for 12 months. Results for one of the in-feed additives
(FormiTM) appear promising although as complete data is not yet available this preliminary conclu-
sion should be interpreted with caution. Maintenance of improvements using improved hygiene
procedures may be difficult. Expected implementation of financial penalties for Category 3 farms
(according to legislation SI 165 of 2002) may change the attitude of farm owners towards imple-
mentation of Salmonella control measures.

Acknowledgements This work is supported by the Irish Government under the National
Development Plan 2000-2006. M.B. Kozlowski is being supported by a Stimulus Research Grant
awarded by the Department of Agriculture and Food. We gratefully acknowledge the help of spe-
cialist pig veterinarians. 

References
Beloeil, P.A., Fravalo, P.,

Fablet, C., Jolly, J.P., Eveno,

E., Hascoet, Y., Chavin, C.,

Salvat, G., Madec, F., 2004.

Risk factors for Salmonella

enterica subsp. enterica

shedding by market-age pigs

in French farrow-to-finish

herds. Preventive Veterinary

Medicine 63:103-120.

Pig type1 W1 W2 F G LS DS B

Culture
53/434
(12%)

59/457
(13%)

207/2082
(19%)

34/127
(27%)

33/339
(10%)

55/248
(22%)

5/45
(11%)

Serology
6/547
(1.1%)

36/525
(6.9%)

263/1552
(17%)

117/258
(45%)

-
213/447
(48%)

-

Table 2. Prevalence of infection with Salmonella spp. in 12 herds sampled on 3 occa-
sions at approximately 6-monthly intervals, according to type of pig. Percentages
are given in brackets. W1=Weaned pigs ,4-7 weeks of age; W2=Weaned pigs, 7-12
weeks of age; F=Finishers; G=Gilts; LS=Lactating Sows; DS=Dry Sows; B=Boars
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EFFECT OF AN ACIDIFIED DIET ON SALMONELLA
PREVALENCE DURING THE LAST TERM OF FATTENING
PERIOD

Eva Creus1*, J. Francisco Pérez1, Enric Mateu2,3

*1Dept. Ciència Animal i dels Aliments, Facultat de Veterinària, Universitat Autònoma de Barcelona (UAB), 08193 Bellaterra,
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Abstract The objective of this study was to determine the effect of the acidification of pelleted
feed on the carriage and seropositivity against Salmonella in finisher pigs of a commercial herd. 

Three different diets were assayed: 0.8% formic acid (group 1); 0.4% lactic acid plus 0.4%
formic acid (group 2) and a feedstuff without additives (group 3). One thousand pigs were includ-
ed in each treatment that was administered from 19 to 26 weeks of age. Blood, faecal content
and mesenteric lymph nodes were collected at slaughter (30 pigs/group). The diet including lactic
and formic acids significantly reduced Salmonella seroprevalence compared to the diet without
additives (p<0.05) but there were no differences on the faecal excretion or in Salmonella carriage
in mesenteric lymph nodes. Our results suggest that the administration of a combination of lactic
and formic acids at the levels used in this study can be helpful to reduce Salmonella prevalence in
finishing pigs. 

Introduction Feeding strategies have shown to be effective for reducing the incidence of
Salmonella in pigs when combined with other measures such as hygiene and adequate manage-
ment practices. Several studies reported that meal feed had a protective effect against subclinical
Salmonella infection in pigs. However, these diets have a negative effect on the productivity
(Kjeldsen and Dahl, 1999; Wondra et al., 1995). Meal feed allows optimal conditions for the pro-
duction of organic acids in the gastrointestinal tract of pigs. These acids are known to inhibit
Salmonella (van Winsen et al., 2001). High levels of organic acids in the gut can be also achieved
through the acidification of feed. The aim of this study was to examine the effect of using pelleted
feed added with organic acids for the last weeks prior to slaughter, on the prevalence of
Salmonella in age-market pigs of a commercial herd.

Materials and Methods The study was carried out in a commercial herd subclinically infected
with Salmonella. Before starting the administration of the experimental diets, serological analysis
indicated that, at 17 weeks of age, at least 20% of pigs were seropositive. From previous studies
a 40% seroprevalence was expected when pigs were 26 weeks old.

Three groups were included in the trial. Group 1 received a commercial pelleted feed added
with 0.8% formic acid; group 2 received the commercial feed added with 0.4% lactic acid plus
0.4% formic acid and group 3 received the commercial feed without additives. Each group had
1,000 finishing pigs. Diets were administered for the last seven weeks before the slaughter of
the pigs (from 19 to 26 weeks of age). The effect of the three diets on Salmonella prevalence was
measured by analyzing samples from 30 pigs/ group (blood, faecal contents and mesenteric
lymph nodes). Samples were taken at the slaughterhouse and carcass weights were also record-
ed. With this sampling we expected to be able to determine a reduction of prevalence from 40%
in untreated pigs to 20% in treated pigs (95% confidence level, 80% power). 

Serum samples were tested by an indirect mix-ELISA based on the O-antigens 1, 4, 5, 6, 7
and 12, using a cut-off of 40% of the positive control. Bacteriological analysis were done by
means of an initial enrichment of samples in buffered peptone water, transfer to Rappaport-
Vassiliadis broth (42°C, 48 h) and final plating onto XLT4 medium. Final identification was done by
means of the API20E test and serotyping.  

Results At the end of the study the highest seroprevalence was observed in group 3 (28/30,
93.3%) followed by group 1(26/30, 88.6%) and group 2 (20/30, 66.6%). These differences were
statistically significant (p=0.02). Tukey test for multiple comparisons showed that seroprevalence
in group 2 was different from that of the controls (p=0.019) and showed a trend to be different
from group 1 (p=0.05). In contrast, no differences were seen in the faecal or lymph node carriage
(Table 1). Two Salmonella serovars were isolated from faeces: Typhimurium and its monophasic

 



P
O

S
T

E
R

P
R

E
S

E
N

T
A

T
IO

N
S

288 SafePork 2005

variant 4,12:i:- and Muenchen, whereas from ileocecal lymph nodes only the Typhimurium
monophasic variant was isolated. Interestingly, only one of the animals with lymph node carriage
was also positive in faeces. No differences in productive records were observed.                         

Discussion Several studies have shown the importance of the finishing period for the diffusion of
Salmonella infections in swine herds, particularly when those infections happen shortly before the
slaughter. This fact suggests that prevention in that critical period can be helpful to reduce the
proportion of carrier pigs reaching the slaughterhouse. Our results showed that acidification of
feed was efficient to reduce Salmonella seroprevalence, indicating thus that treatment of group 2
(lactic plus formic acids) was helpful to reduce, or at least to slow, the spread of the infection.
However, the proportion of Salmonella carriers was similar in all groups. This discrepancy of
results needs explanation. One possible interpretation is that pigs that had become infected
before the administration of the acidified feed and developed a carrier state were not affected by
the treatment. In favor of this hypothesis it can be stated that lymph node carriage was low (1-2
pigs/group). In addition, some of these infections could have taken place during the transport and
waiting in the slaughterhouse. Hurd et al., (2001) showed that after a brief exposure to a
Salmonella-contaminated environment, pigs can be infected and Salmonella can be recovered
from faeces. As shown in our results, of the total 14 culture positive faeces, only one correspond-
ed to lymph node carriers. This picture would agree with a recent infection, maybe during trans-
port and waiting at the slaughterhouse.

Conclusions Our results show that adding a combination of 0.4% lactic acid plus 0.4% formic
acid to a commercial pelleted feed during the last term of fattening period can be helpful to
reduce Salmonella prevalence in finishing pigs. Although the protective effect of acidified feed,
this feeding strategy should be applied in combination with other general measures in farm the
entire fattening period.

Acknowledgements Our grateful thanks to Grup Baucells for its support for this study.
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Parameters
0.8% formic

acid diet
0.4% lactic acid +

0.4% formic acid diet
Non acidified

diet

Blood samples 26 (86.6) 20 (66.6) 28 (93.3)

Faeces 5 (16.6) 5 (16.6) 4 (13.3)

Mesenteric
lymph nodes

1 (3.3) 2 (6.6) 2 (6.6)

Table 1. Effect of the examined
diets on Salmonella prevalence.
Number of positive samples (%)
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CROSS-SECTIONAL STUDY OF ANTIBODIES AGAINST
SALMONELLA IN DANISH SOWS

Hanne Bak1* and Dan Bysted2

1Danish Food and Veterinary Research, Bülowsvej 27, 1790 København V, Denmark. hba@dfvf.dk; 2Danish Bacon and Meat
council, Copenhagen, Denmark

Abstract The study examined the level of Salmonella antibodies in Danish sows comparing breed-
ing and multiplying (B&M) herds with production herds. From B&M herds, blood samples were
taken from sows in the herds, and from production herds, blood samples were taken at a slaugh-
terhouse. All samples were analysed for Salmonella antibodies in the ELISA from the national sur-
veillance program with results expressed as OD%. Results from the two types of herds were
compared with Students t-test using a cut-off value of p=0.05. Totally, 757 samples were included
in the analysis, among these 209 were from B&M herds, and 548 were from production herds.
The mean OD% was 12.31 in the B&M herds and 19.15 in the production herds. The comparison
of the OD% in the two herd types gave a p-value of 0.0001. Therefore, the sows from B&M herds
had a significantly lower level of antibodies than sows from production herds.

Introduction The level of infection with Salmonella in Danish pigs is monitored in a national sur-
veillance and control program, where the slaughter pigs are monitored serologically (Mousing et
al., 1997). When problem herds are identified serologically, these herds and their suppliers under-
go bacteriological examinations (Bysted et al., 2002).

The level of Salmonella infection in the Danish sow herds is monitored indirectly, because a
sow herd with a high level of Salmonella infection will have a high likelihood of being pointed out
for bacteriological examination, when the herd has delivered Salmonella infected pigs to grower or
fattening units. The Danish breeding and multiplying herds are monitored more closely by monthly
serological analyses of blood samples from the growers, and a Salmonella index is calculated.

Only few studies have been carried out with focus on the serological profiles for Salmonella
among sows, and the serological test is not validated for use on sow blood samples. The purpose
of the present study was to obtain an impression of the serological status of the Danish sows
with respect to Salmonella antibodies. Furthermore, samples were taken both from breeding and
multiplying herds and from ordinary production herds in order to compare the level of Salmonella
antibodies in herds monitored with different intensity.

Materials and Methods Blood samples were taken from 181 sows in 16 breeding and multiply-
ing herds. In each herd the practitioning veterinarian took 10 (11 in one herd) samples during a
routine visit. The veterinarians randomly selected the herds and the sows within the herds. For
each sow, herd number in central husbandry register (CHR) and parity was recorded.

From sows in production herds, blood samples were taken at a slaughterhouse. Totally 69
samples were taken from live sows in the pens at the slaughterhouse, and 550 samples were
collected immediately after slaughter of the sows. The CHR-numbers were recorded for the sam-
pled sows. Since no information from the herds of origin was available, the slaughter weight was
recorded as a rough measure of age (parity), but this could only be done for 414 sows.

All blood samples were analysed for Salmonella antibodies in the ELISA used in the surveil-
lance program (Nielsen et al., 1995), and the results were expressed as OD% (Nielsen et al.,
1998). A descriptive analysis including data control was carried out on the test results, and the
test results from the two types of herds were compared with Students t-test using a cut-off value
of p=0.05. The serological responses were compared to the parity/slaughter weight.

Results At the data control, 23 observations were deleted from the data set, because the animals
were boars. Totally 14 of the herds, that delivered animals for the slaughterhouse, turned out to be
breeding and multiplying herds, and therefore the 48 observations from these herds were moved
to the other herd category. This resulted in a final data set with 757 observations, among these
209 were from breeding and multiplying herds, and 548 were from production herds. There were
between 1 and 35 observations per herd (CHR-number), the mean value was 4.6 sows per herd.
From 49 herds, only one sample was taken. The parities of the sampled sows were from 0 to 8
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with mean parity 2.5, and the slaughter weight was between 97 and 278 kg with mean value 177
kg. Table 1 and Figure 1 show a survey of the OD% found in the two types of sow herds. A com-
parison of the OD% of sows in the breeding and multiplying herds with the OD% of sows in the
production herds showed a highly significant difference (p-value=0.00012), the OD%s of the breed-
ing and multiplying herds were the lowest. A simple plot of the OD% against either the parity or
the weight for the individual sows showed no clear correlation between the OD% and the age.

Discussion There was a highly significant difference between the OD% of samples taken from
sows in breeding and multiplying herds and samples from the sows from the ordinary production
herds. The lower OD%s found in the breeding and multiplying herds could in part be caused by
the more intense surveillance of these herds, but the trading patterns for the breeding and multi-
plying herds and the production herds are also important. The breeding and multiplying herds
often sell their pigs to several purchasers, whereas the production herds have a long-time agree-
ment with a few purchasers. Therefore the consequences of a high level of Salmonella antibodies
are more severe for the breeding and multiplying herds, because their purchasers change suppli-
ers more often. The purchasers of the production herds are not likely to change supplier based on
a serological index, but would merely base such a decision on problems in their own herd.

The monitoring of the Danish slaughter pigs have shown that around 10% of the pigs had a
Salmonella OD% above the cut-off of 20 OD% (Anonymous, 2004). Among the sows, the num-
ber of positive samples was 27%, and in the production herds even higher, namely 31%. This dif-
ference could be caused by a higher cut-off value in the sows than in pigs given a higher back-
ground level of antibodies reacting in the Salmonella ELISA in older animals. The simple compari-
son of OD% and the age parameters for the individual sows revealed no clear correlation, but it
was still possible, that a higher background level of antibodies was present with increasing age. In
another study (Nielsen et al., 1995) the OD% of non-infected pigs increased slightly during 92
days, and this increase was explained by an increasing number of cross-reacting antibodies
induced by other Enterobacteria. However, the data from the present study still indicates, that the
level of Salmonella antibodies in the sows from the production herds was higher than in the
slaughter pigs, because the percentage of samples with an OD% above 30 OD% was also higher
than the level seen with cut-off 20 OD% in slaughter pigs. Therefore it could be concluded, that
the higher number of samples with high Salmonella OD% in sows compared to slaughter pigs
was at least in part caused by a higher level of Salmonella infection in the sows. The infection
with Salmonella could be circulating in the sow population and be much more stable here than
among the slaughter pigs.

Conclusion The sows from breeding and multiplying herds had a significantly lower level of anti-
bodies than sows from production herds. The level of Salmonella antibodies among sows from
production herds was higher than the level seen in slaughter pigs.
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Sow herd
type

# of 
samples

Salmonella
OD%

% of samples with
Salmonella OD% 

Mean
Std.

deviation
> 20 > 30 > 40

Breeding 209 12.31 17.81 18 10 6

Production 548 19.15 23.12 31 20 13

Total 757 17.26 21.99 27 17 11

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

% of sows

Salmonella OD %

Breeding Herds

Production Herds

<=0    1-10    11-20    21-30  31-40   41-50   51-60  61-70   71-80  81-90   91-100  >100

Figure 1. Distribution of Salmonella
antibodies in two types of sow herds

Table 1. Survey of data from analysis of blood
samples from sows for antibodies to Salmonella
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THE CORRELATION BETWEEN SEROLOGY AND 
ISOLATION OF SALMONELLA IN PIGS AT SLAUGHTER
IN SOUTHERN BRAZIL

P. Schwarz*1, M. C. Bessa1, J.D.Kich2,T. Michel1, M. L. Bernardi3, D. E. S. N. Barcellos3, M.
Cardoso1
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Abstract In southern Brazil the isolation of Salmonella from pigs and pork has been previously
reported. The aim of this study was to compare results of seroprevalence and Salmonella isolation
from intestinal contents of slaughtered pigs, and to identify the probable contamination source for
these herds. Blood and intestinal contents from pigs of 58 herds (15 pigs/herd) were sampled.
Three fecal samples originating from pigs of the same herd were pooled, resulting in five
pools/herd. Fecal pools were submitted to an isolation protocol as previously described. Blood
samples were individually submitted to an ELISA test developed in Brazil, that includes LPS anti-
gen from S. Typhimurium. Serology and isolation results showed that the farm was the most
important Salmonella contamination source for pigs slaughtered in this abattoir. Among herds
with higher seroprevalence, the slaughter at the beginning of the day was associated with a
smaller number of positive Salmonella fecal pools. 

Introduction Previous studies conducted in southern Brazil reported the isolation of Salmonella
from pigs and pork (Bessa et al., 2004, Castagna et al., 2004). Pigs can become infected with
Salmonella on farm, during transport, in the lairage or at slaughter (Swanenburg et al., 2003).
Consequently, all steps of the pork production chain must be monitored and included in a control
program. Serology results indicate a previous Salmonella exposure of the herd, while caecal-con-
tent samples submitted to isolation protocols demonstrate the presence of Salmonella in the
intestine. If the intention is to monitor Salmonella pre-harvest, measurement of antibodies (herd
serology) or bacteriological examination of caecal-contents are appropriate (Sorensen et al., 2004).
Furthermore, in conditions where  transport time and duration of lairage is longer than 3 hours,
the comparison of serology and isolation results might contribute to assess the relative impor-
tance of the farm and of the lairage as a contamination source for slaughtered pigs. Thus, the pur-
pose of this study was to compare the results of serology and the isolation of Salmonella from
intestinal contents of pigs slaughtered in one abattoir in southern Brazil, where transport time and
waiting period is longer than 3 hours. 

Materials and Methods The study was carried out from July to November 2004 in one abattoir
located in southern Brazil. In previous studies, a high Salmonella prevalence was found among
slaughtered pigs in this abattoir. Blood and intestinal contents from pigs of 58 herds (15 pigs/herd)
were sampled. Three fecal samples originated from the same herd were pooled, resulting in five
pools/herd. Fecal pools were submitted to an isolation protocol, as previously described (Michael
et al., 2003). Blood samples were indi-
vidually submitted to an ELISA test
developed in Brazil, that includes LPS
antigen from S. Typhimurium (Kich,
2004). The proposed cut-off for this test
is the OD 0.169, which represents the
mean OD value of a negative population
of 275 pigs plus four standard devia-
tions. 

Results A total of 870 pigs were includ-
ed in this study, of which 81.5% were
positive in the Typhimurium-ELISA.
Salmonella was isolated from 90
(31.03%) pooled fecal samples. Thirty one herds (68.8%)

Figure 1: Number of Salmonella positive fecal
pools found among herds assigned in three lev-
els of seroprevalence in the Typhimurium-ELISA. 
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with serological prevalence >70% had at least one positive fecal pool, while 14 herds were nega-
tive on Salmonella isolation. Only 8 herds were assigned in the serological level <40%, five of
these herds were negative on Salmonella isolation (Figure 1). Most of herds (10/14) showing sero-
prevalence >70% and none positive fecal pools belonged to batches slaughtered at the beginning
of the day (batches 1-4). On the other hand, we found that the herds positive on Salmonella isola-
tion and with seroprevalence <40% had pigs slaughtered at the end of the day.

Discussion Results of serology showed that the farm was the most important Salmonella con-
tamination source for pigs slaughtered in this abattoir. A strong correlation was observed
between seroprevalence levels and isolation of Salmonella from faecal pools. Despite of this, in a
high number of herds with seroprevalence >70%, Salmonella could not be isolated from fecal
pools. The high seroprevalence can reflect early infection, late infection or even re-infection of
pigs. In all situations, pigs originating from herds with serologically positive status, can have
recovered from infection and be bacteriologically negative at the time of slaughter (Van Winsen et
al., 2001; Kranker et al., 2003). Furthermore, Rostagno et al. (2003) proposed that the contaminat-
ed environment of the holding pens can be a significant source of Salmonella infection for
seronegative pigs prior to slaughter. The waiting time greater than 6 hours, observed in the pres-
ent study, may have provided a higher exposure of pigs to Salmonella present in the lairage pens.
In addition, the waiting period can contribute to the increase of stress, resulting in a higher num-
ber of Salmonella shedders in the herd.

The cut-off adopted in this study may have contributed to the large number of herds assigned
to the higher seroprevalence level. Previous studies demonstrate a high correlation between the
adopted cut-off and Salmonella isolation in naturally infected herds (Kich, 2004). However, a higher
cut-off may have to be decided to start an acceptable surveillance program in the pork production
system assessed in our work. This strategy has been adopted in nation-wide control programs,
that started with a high cut-off points, and were submitted to adjustments when the Salmonella
prevalence decreased.  

Conclusion Results of serology and Salmonella isolation showed that the farm was the most sig-
nificant source of contamination for pigs slaughtered in this abattoir. 
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SALMONELLA SEROTYPES FROM  1997-2003 NARMS
SWINE DIAGNOSTIC, ON-FARM, AND SLAUGHTER
SAMPLES

J. Stan Bailey*1, Paula Fedorka-Cray1, D.A. Dargatz2, N. Anandaraman3, B. Rose3, N.
Wineland2, and M. Headrick4

1USDA, ARS, BEAR, P.O. Box 5677, Athens, GA 30606; 2USDA, APHIS, Ft. Collins, CO, 3USDA, FSIS, Washington, DC, 4FDA,
Athens, GA

Abstract The veterinary component of the National Antimicorbial Resistance Monitoring System
(NARMS) identified 8527 Salmonella isolates from swine samples in the years 1997-2003. Fifty-
one Salmonella serotypes were identified from 3147 diagnostic, 2138 on-farm, and 3246 slaugh-
ter samples. The most frequently identified serotypes were Derby, Typhimurium var. Copehnagen,
Typhimurium, Heidelberg, Infantis, Anatum, Johannesburg, and Agona. The top three serotypes
from each sample type were as follows: Diagnostic; Cholera-suis (28.6%), Typhimurium var.
Copenhagen (18.0%), Derby (9.5%); On-farm; Derby (18.5%), Agona (16.7%), Typhimurium var.
Copenhagen (7.7%); Slaughter; Derby (25.4%), Typhimurium var. Copenhagen (10.6%),
Johannesburg (6.7%). Six serotypes (Derby, Typhimurium var Copenhagen, Typhimurium,
Heidelberg, Anatum, Agona) were found among top serotypes from each sample type. S. Cholera-
suis was found primarily in diagnostic samples, and S. Johannesburg and Schwarzengrund were
found primarily in slaughter samples. Only two of the top five slaughter isolates, Typhimurium and
Infantis, were also seen on the 2002 CDC top 10 list of human isolates.  

Introduction The National Antimicrobial Resistance Monitoring System (NARMS) was established
in 1996 by the Food and Drug Administration (FDA), the United States Department of Agriculture
(USDA), and the Centers for Disease Control and Prevention (CDC) to monitor changes in antimi-
crobial susceptibilities of zoonotic pathogens from humans and animal diagnostic specimens,
from healthy farm animals, and from raw product collected from federally inspected slaughter and
processing plants. Non-typhoid Salmonella were selected as the sentinel organism and have been
continuously tested for since 1997. This paper focuses on the serotype distribution of Salmonella
which have been identified from all veterinary swine samples collected by the NARMS program
from 1997-2003.

Materials and Methods On-farm samples collected by USDA, APHIS or in special projects by
USDA, ARS scientits and shipped to USDA, ARS in Athens, GA for cultural analysis in 1997, 1999,
and 2000. Slaughter samples were collected and cultured by, USDA, FSIS, and diagnostic sam-
ples were collected and cultured by state veterinary laboratories around the U.S or the USDA,
APHIS, National Veterinary Services Laboratory (NVSL). Slaughter and diagnostic were collected in
all years and isolates shipped to USDA, ARS in Athens, GA. All Salmonella isolates were
serotyped at the NVSL in Ames, IA.  

Results A broad representation of  the Salmonella population is the U.S. swine industry is seen in the
8527 Salmonella from diagnostic, on-farm, and slaughter swine samples from the years 1997-2003.
Isolates from 3147 diagnostic, 2138 on-farm, and 3246 slaughter samples yielded a total of 51 differ-
ent serotypes. The eight most frequently identified serotypes of Salmonella were Derby, Typhimurium
var. Copehnagen, Typhimurium, Heidelberg, Infantis, Anatum, Johannesburg, and Agona.  

The top three Salmonella serotypes from each sample type were as follows: Diagnostic;
Cholera-suis (28.6%), Typhimurium var. Copenhagen (18.0%), Derby (9.5%); On-farm; Derby
(18.5%), Agona (16.7%), Typhimurium var. Copenhagen (7.7%); Slaughter; Derby (25.4%),
Typhimurium var. Copenhagen (10.6%), Johannesburg (6.7%). Six serotypes (Derby, Typhimurium
var Copenhagen, Typhimurium, Heidelberg, Anatum,  Agona) were found in the top ten serotypes
from each sample type.  

Salmonella Cholera-suis was the most frequent (28.6%) serotype from diagnostic samples,
and interestingly was not seen in on-farm samples and in only 2.1% of slaughter samples. S.
Derby was by far the most frequent Salmonella seen for all sample types. In 1997 and 2003 there
were about equal numbers of S. Derby seen in slaughter and diagnostic samples, but in 1998-
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2002 there were about 4 times more S. Derby in slaughter compared to diagnostic samples. In
the last 3 years of this study, 2001-2003, the percentage of diagnostic isolates of S. Typhimurium
var. Copenhagen, S. Typhimurium, and S. Agona  more than doubled  the number of slaughter iso-
lates compared to previous years when the numbers in each category was about the same.
Salmonella Johannesburg was found primarily (90.8%) in slaughter samples from 1998 to 2003.  

Discussion There are approximately 2,400 known serotypes of Salmonella found in animals and
the environment. Salmonella in swine must be viewed as two separate problems. First, certain
serotypes of Salmonella can cause a disease of swine characterized by a septicemia with pneu-
monia and or diarrhea as a clinical sign. The second issue is the contamination of pork carcasses
and retail products with the potential of causing a food-borne salmonellosis in people.  

Historically, S. Cholera-suis has been known as the swine type strain responsible for the
majority of Salmonella caused disease in swine. Our study confirmed that from diagnostic sam-
ples that S. Cholera-suis was the predominate serotype (28.6%) identified with S. Typhimurium
var. copenhagen (18%) also present in a significant number of samples. It is noteworthy that by
far the most frequent serotypes of Salmonella found in slaughter samples, S. Derby (25.4%) and
S. Typhimurium var. Copenhagen (10.6%) were not seen in the CDC list of 10 most frequent
serotypes from human isolates in 2002.

Conclusion Before any conclusions can be drawn from serotype survey data, it is critical to know
the source of samples and to assure that an adequate number of representative samples are
evaluated and compared. The Salmonella isolates from these studies serve as the source for
antimicrobial resistance and phage type testing for the NARMS database.
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EFFECTS OF ANTIBIOTIC-SUPPLEMENTED MEDIA 
ON RECOVERY OF ENTEROBACTERIA

N. Ramlachan1*, T.L. Poole1, W.K. Kim2,T.R. Callaway1, S.C. Ricke2, R.C. Anderson1, R.B.
Harvey1 and D.J. Nisbet1

*1USDA-ARS, Southern Plains Agricultural Research Center, Food & Feed Safety Research Unit, College Station, TX, 77843,
USA, Ph: 979-260-9429, Email: n-ramlachan@ffsru.usda.gov; 2Poultry Science Department, Texas A&M University, College
Station, TX 

Abstract The frequency at which Salmonella Typhimurium (ST) and Escherichia coli were recov-
ered from tryptic soy agar (TSA), brilliant green agar (BGA) and MacConkey agar (MAC) alone or
supplemented with 2 and 16 µg oxytetracycline, 4 and 16 µg tetracycline, 2 and 64 µg kanamycin
and 0.25 and 2 µg enrofloxacin was investigated. Recovery of E. coli and ST from unsupplement-
ed TSA, BGA and MAC was >1 X 109 CFU for all strains. Recovery of ST from TSA and MAC, and
two strains of E. coli from BGA supplemented with the high antibiotic levels were less than 1 in
108 for all antibiotics tested. Differences observed in frequencies of E. coli and ST at both low and
high antibiotic levels on TSA, BGA and MAC media has implications for in vitro and in vivo assess-
ments of antibiotic resistance.

Introduction The use of antimicrobials in food animals has reduced morbidity and mortality
caused by Escherichia coli and Salmonella, which are major causes of gastrointestinal, septicemia
and respiratory tract infections in humans and production animals (Hopkins et al, 2005).
Salmonella Typhimurium (ST) is an important cause of food poisoning in humans and although
pigs may not develop clinical salmonellosis, they pose a serious disease-causing threat to humans
by their carriage of the bacteria in meat and feces (Hurd et al, 2002; Roesler et al, 2005).
Tetracyclines, fluroquinolones and aminoglycosides are classes of broad-spectrum antibiotics used
to effectively control bacterial infection in humans and swine; however, misuse may promote
development of drug resistant microbial populations (Threlfall et al, 1997a; Threlfall et al, 1997b;
Threlfall et al, 1999; Threlfall et al, 2000; Walsh et al, 2001). The spontaneous rates of antibiotic
resistance among bacterial populations depend on exogenous environmental factors interacting
with intrinsic genetic features of a particular strain. In addition, composition of growth media, con-
centration of antibiotics used for selection, heat stress as well as the mutagenic nature of the
antibiotics themselves factor into the spontaneous acquisition of antibiotic resistance by bacteria
(LeClerc et al, 1996; Martinez, 2000). 

Previous comparative studies with animal isolates, as well as with experimentally- selected
Salmonella mutants, have indicated that while spontaneous acquisition of antibiotic resistance
can occur (Giraud et al, 1999), quantitative data pertaining to rates of acquisition are lacking. Thus,
it is important to understand mechanisms of evaluating acquisition of endogenous antibiotic
resistance due to spontaneous mutations among bacterial species such as E. coli and Salmonella,
and techniques used for antimicrobial resistance screening in swine populations.

Recent studies by our research group showed minimal differences in the frequency of sponta-
neous acquisition of resistance to select antibiotics by pure cultures of ST grown in continuous
flow culture at slow and fast dilution rates (Kim, 2005). A logical extension of this work would be
to quantify the acquisition of resistance of Salmonella grown in mixed culture. It is thus important
to evaluate methods used to investigate acquisition and/or quantification of resistance. The pres-
ent work investigates the effect of different media in quantifying the frequencies of recovery of
ST and E. coli colonies when plated on three types of culture media supplemented with a range
of various broad-spectrum antibiotics.

Materials and Methods Three types of selective media, tryptic soy agar (TSA), brilliant green
agar (BGA) and MacConkey’s agar (MAC) were used for quantifying the recovery of one strain of
ST and two strains of E. coli. The E. coli and ST strains did not exhibit any previously characterized
phenotypic susceptibility to antibiotics used in this study. Strains were grown overnight in aerated
tryptic soy broth at 37°C, then 100 µl was used to inoculate 8 ml of fresh tryptic soy broth. 
Fresh cultures were grown until log phase and then were serially diluted in PBS and 100 µl
aliquots were spread on TSA, BGA or MAC agar plates that contained no antibiotic, or low or high
levels of either aminoglycoside (2 µg or 64 µg kanamycin), tetracycline (2 µg or 16 µg oxytetracy-
cline; 4 ug or 16 µg tetracycline) or fluoroquinolone (0.25 µg or 2 µg enrofloxacin) antibiotics as
detailed (Kim et al, 2005). After 24-48 hr incubation at 37°C, ST and E. coli colonies from each
treatment were counted and the mutation frequencies assessed as a factor of the number of
viable cells of each culture grown on plates without added antibiotic.
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Results Frequency of recovering the two E. coli strains from TSA, BGA and MAC agar plates are
shown in Table 1. Rates of recovery from unsupplemented media were similar for both E. coli
strains tested on all three agar types. For both strains of E. coli, the frequency of recovery of
colonies from TSA and BGA containing any amount of kanamycin and enrofloxacin was less than
1 in 109; however, both strains showed higher frequencies of recovery (1 in 102 and 1 in 101

respectively) on MAC plates supplemented with low level kanamycin (2 µg). Major differences
were seen for both E. coli strains on TSA and MAC plates containing either levels of tetracycline
or oxytetracycline, with frequencies of recovery of colonies ranging from 8 in 103 to as high as 1.5
in 10, which was much higher than that seen on BGA plates (~1 in 107). 

From Table 2, the frequency of recovering the ST strain on all media containing higher levels of
antibiotics was less than 1 in 109 for all the antibiotic types, with the exception of those obtained
on BGA plates (8.3 in 106 on 16 µg oxytetracycline; 1.2 in 101 on 16 µg tetracycline and 5.8 in 106

on 2 µg enrofloxacin). Recovery from 2 µg kanamycin-supplemented media showed a susceptibili-
ty difference for ST on all three media types. Overall, the frequency of recovery of ST on BGA
was much higher than that observed on TSA and MAC for all antibiotic types and levels tested.

Discussion Previous work (Kim et al, 2005) showed that minimal susceptibility differences were
seen in Salmonella obtained from continuous flow cultures grown at slow and fast dilutions rates
when tested on the same antibiotics and concentrations used in this study. We have shown that
the quantitative appearance of spontaneous acquisition of resistance to select antibodies in three
broad-range classes (tetracyclines, fluroquinolones and aminoglycosides) is dependent on both
antibiotic concentration and type of media used.  We caution; however, that the true resistance
exhibited by these strains needs to be confirmed by testing the minimum inhibitory concentration
of the antibiotics against representative survivors.   

Recovery frequencies of both the E. coli strains and the ST strain used in this study seemed
to depend on type of media used in selection. Both E. coli strains showed much higher frequen-
cies of resistant colonies when grown on TSA or MAC supplemented with either low or high lev-
els of tetracycline or oxytetracycline than when grown on similarly supplemented BGA (> 105 fold
higher). Except for the recovery from the plates containing low levels of kanamycin (2 µg), the fre-
quency of recovering apparently resistant ST was much higher on BGA plates (ranging from 106 to
108-fold differences) than when grown on TSA or MAC plates with the same concentration and
type of antibiotic for all the antibiotic classes tested.

In the detection and isolation of Salmonella strains and E. coli, direct plating using selective media
has been well characterized (Dusch, 1995) as has enrichment techniques for enhancing detection in
production animals when low concentrations are evaluated (Christensen et al, 2002; Nam et al, 2004;
Pao et al, 2005; Stege et al, 2000). Techniques to determine resistance susceptibility are especially
important to quantify multi-drug resistance among enteric bacteria propagated in swine and other
food animals and the subsequent risk of  transfer to humans (Levy et al, 2004; Sayah et al, 2005).

Conclusions This
study confirms
the potential for
misappropriation
of using a simple
one plating tech-
nique to quantify
the frequency of
resistance in bac-
terial isolates
using different
types of selec-
tive media con-
taining different
levels of antibi-
otics. The type of
selective media
(e.g. BGA, TSA or
MAC) as well as
the type and concentration of antibiotic will
affect frequency counts for different bacteria,

Antibiotic

Frequency of
recovery on TSA

plates

Frequency of
Recovery on
BGA plates

Frequency of
Recovery on
MAC plates

Strain
1*

Strain
2§

Strain
1*

Strain
2§

Strain
1*

Strain
2§

Oxytetracycline 0.2 µg 1.7x10-9 4.0x10-2 4.0x10-5 9.9x10-7 1.6x10-1 5.5x10-3

Oxytetracycline 16 µg 6.7x10-3 6.1x10-2 3.2x10-8 5.5x10-8 8.3x10-3 8.3x10-2

Tetracycline 4 µg 2.5x10-3 9.1x10-2   1.6x10-8 1.1x10-7 2.5x10-2 1.6x10-1

Tetracycline 16 µg 4.2x10-3 1.5x10-1   2.4x10-8 1.1x10-9 4.1x10-2 8.3x10-2

Kanamycin 2 µg 1.0x10-9 1.0x10-9 7.9x10-11 1.1x10-9 4.1x10-2 1.3x10

Kanamycin 64 µg 8.3x10-11 1.0x10-9 7.9x10-11 1.1x10-9 8.3x10-10 2.7x10-9

Enrofloxacin 0.25 µg 8.3x10-11 1.0x10-9 7.9x10-10 1.1x10-9 8.3x10-10 2.7x10-9

Enrofloxacin 2 µg 8.3x10-11 1.0x10-9 7.9x10-11 1.1x10-9 8.3x10-10 2.7x10-9

Table 1: Effect of antibiotics and media on recovery of  E. coli.
*Plate counts (CFU/ml) for strain 1 with no antibiotics grown
on TSA: 1.2 x 1011; BGA: 1.3 x 1010 and MAC: 1.2 x 1010.
§Plate counts (CFU/ml) for strain 2 with no antibiotics grown
on TSA: 9.9 x 109; BGA: 9.1 x 109 and MAC: 3.6 x 109.
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which may under- or over-estimate actual drug resistance in E. coli and Salmonella spp. Current
methods for recovery and quantification of antibiotic resistance in vitro and in vivo should include
verification steps to avoid underestimating or overestimating the incidence of resistant Salmonella
and E. coli in swine and other production animals.
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Antibiotic
Frequency of
recovery on
TSA plates*

Frequency of
Recovery on
BGA plates*

Frequency of
Recovery on
MAC plates*

Oxytetracycline 0.2 µg 1.3 x 10-4 4.6 x 10-1 1.3 x 10-6

Oxytetracycline 16 µg 1.3 x 10-9 8.3 x 10-6 1.3 x 10-9

Tetracycline 4 µg 1.9 x 10-9 5.4 x 10-1 1.3 x 10-9

Tetracycline 16 µg 5.2 x 10-8 1.2 x 10-1 1.3 x 10-9

Kanamycin 2 µg 2.9 x 10-1 8.3 x 10-5 3.4 x 10-2

Kanamycin 64 µg 1.3 x 10-9 8.3 x 10-10 1.3 x 10-9

Enrofloxacin 0.25 µg 1.3 x 10-9 2.3 x 10-1 2.6 x 10-7

Enrofloxacin 2 µg 1.3 x 10-9 5.8 x 10-6 1.3 x 10-9

Table 2: Effect of antibiotics and media on recovery of Salmonella
Typhimurium. *Plate counts (CFU/ml) for Salmonella grown with
no antibiotics on TSA: 1.1x1010; BGA: 6.9x109 and MAC: 6.0x109.
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COLLABORATION IN ANIMAL HEALTH & FOOD SAFETY
EPIDEMIOLOGY: SWINE DATA  

P. J. Cray1, R. R. Kraeling1*, N. E. Wineland2, D. A. Dargatz2, E. J. Bush2, J.S. Bailey1, S. R.
Ladely1, N. Anandaraman3

1Richard B. Russell Agriculture Research Center, P.O. Box 5677, ARS, USDA, Athens, GA 30604 rkraelin@saa.ars.usda.gov,
2National Center for Animal Health Surveillance, APHIS, USDA, Fort Collins, CO 80526, 3Office of Public Health and Science,
FSIS, USDA, Washington, D.C. 20250

Abstract The Collaboration in Animal Health & Food Safety Epidemiology (CAHFSE), a partnership
among APHIS, ARS and FSIS of USDA was established to track food borne pathogens and moni-
tor diseases from farm through plant. Sampling began in July, 2003. By December 31, 2004, 43
farms in 5 states were participating. In this period, 139 site visits were made. At each quarterly
visit, a questionnaire regarding management practices was administered, blood samples were
collected for Lawsonia and PRRS serology and 40 fecal samples were collected from pigs > 22
wks old for culture of enteric bacteria. All 5,161 fecal samples were cultured for Salmonella and
2066 (40%) for Campylobacter, E. coli and Enterococcus. Salmonella was cultured from 549
(9.7%) of the samples. Campylobacter, Enterococcus, and E. coli were cultured from 1465
(70.9%), 1407 (68.1%) and 1857 (89.9%) of 2,066 samples cultured, respectively. The predomi-
nant Salmonella serotypes recovered were: S. Derby (45%), S. Typhimurium var. Copenhagen
(17.7%), S. Heidelberg (7.4%), S. Typhimurium (5.4%) and S. Give (4.6%). Approximately 94% of
these were resistant to one or more antimicrobials.  

Introduction Campylobacter and nontyphoidal Salmonella spp., respectively, are estimated to
account for 2.4 and 1.4 million cases of acute bacterial gastroenteritis in humans annually in the
United States (Mead et al. 1999). In recent years Salmonella and Campylobacter isolates have
become increasingly drug resistant. Of particular concern is development of multi-drug resistance
(MDR) in Salmonella, defined here as resistance to 2 or more antimicrobials. Zoonotic and/or
pathogenic bacteria are not the only ones of concern regarding transfer and dissemination of
resistance genes. Commensal bacteria are proposed as reservoirs of resistance genes (Levy,
2001) and they may transfer resistance genes among themselves as well as to zoonotic
pathogens. However, definitive evidence for this process has not been established. Thus, the sci-
entific community and public health officials have examined antimicrobial use in food animal pro-
duction (Angulo,1999; Levy, 2001; Tollefson and Miller, 2000; FDA, 1998: NRC, 1999; WHO, 1997).
In addition, a multi-agency “Public Health Action Plan to Combat Antimicrobial Resistance” was
developed to address these concerns about any adverse effects of using antimicrobials in food
animal production (Available on the CDC web site). USDA responded by developing the
Collaboration on Animal Health and Food Safety Epidemiology (CAHFSE), a partnership among the
Animal and Plant Health Inspection Service (APHIS), Agricultural Research Service (ARS) and Food
Safety and Inspection Service (FSIS). Overall objectives of CAHFSE are: 1) to enhance the overall
understanding of pathogens that pose a food-safety risk by tracking these pathogens from the
farm to the plant and 2) to monitor critical diseases in food-animal production. Specific objectives
will be developed for each commodity under this general framework. These objectives and critical
issues related to the relationship between antimicrobial susceptibility to antimicrobial use will be
addressed on a long term continuous basis. Swine is the first commodity in CAHFSE.   

Materials and Methods CAHFSE sampling began in July, 2003 and, as of December 31, 2004,
43 farms in 5 states had voluntarily participated in one or more data or sampling activities (12 in
Iowa, 13 in Minnesota, 4 in Missouri, 10 in North Carolina and 4 in Texas). Selection criteria for
soliciting farm participation included production types (indoor farrow-to-finish, outdoor farrow-to-
finish, indoor finish only, and outdoor finish only) and size (number of pigs marketed per year;
small <2,000, medium >2,000 and <7,500, large >7,500). Samples and data were collected quar-
terly. One hundred thirty-nine site visits were made in the first 18 months of the project. During
each site visit, a questionnaire regarding animal inventory, animal health, management practices
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and antimicrobial use was completed. Blood was collected from up to 15 market pigs in each of 4
age groups (6-8 wks, 11-13 wks, 16-18 wks, and 22 wks and older) to be tested for antibodies to
Lawsonia intracellularis and porcine reproductive and respiratory syndrome (PRRS) virus. In addi-
tion, up to 40 pen floor fecal samples were collected from pigs at least 22 wks old for isolation
and subsequent characterization of enteric bacterial species. All 5,161 samples were cultured for
Salmonella and 2066 (40%) were cultured for Campylobacter, E. coli and Enterococcus.  

Salmonella isolates were serotyped and Campylobacter and Enterococcus isolates were speci-
ated using multiplex polymerase chain reaction (PCR). E. coli isolates were not typed further and
are reported as non-type specific E. coli. Isolates were evaluated for susceptibility to a panel of
antimicrobials. Salmonella, E. coli and Enterococcus isolates were evaluated using a semiauto-
mated system (Sensititre, Trek Diagnostics, Westlake, OH) and Campylobacter were tested using
the E-Test (AB Biodisk, Piscataway, NJ). The antimicrobial panels used were those also used by
the National Antimicrobial Resistance Monitoring System: Enteric Bacteria (NARMS).  

Enterococcus susceptibility testing data are not available yet. Selected isolates will be subject-
ed to pulse field gel electrophoresis to determine if antimicrobial use, management strategies
and/or type of facilities influence endemic bacterial strains. Sampling of pigs at slaughter (carcass
swabs, lymph nodes, and ground product) will be pilot tested beginning by the summer of 2005.
In-plant samples will be cultured for enteric bacterial species and isolates characterized similarly
to on-farm isolates. Bacteriology results from on-farm samples and questionnaire data are expect-
ed to be linked to bacteriology results from in-plant samples and in-plant questionnaire data. 

Results The on-farm bacteriology results for the first 18 months will be presented here. Results
regarding animal health and risk factor analysis will be presented in future publications.
Salmonella was cultured from 549 (9.7%) of the 5,161 fecal samples. Campylobacter,
Enterococcus, and E. coli were cultured from 1465 (70.9%), 1407 (68.1%) and 1857 (89.9%) of
2,066 fecal samples cultured, respectively. Most of the Salmonella isolates were serogroup B
(79.1 %) followed by serogroup C1 (5.8 %) and serogroup E1 (4.6 %). The predominant
Salmonella serotypes were: S. Derby (45%), S. Typhimurium var. Copenhagen (17.7%), S.
Heidelberg (7.4%), S. Typhimurium (5.4%) and S. Give (4.6%). Overall, approximately 94% of
these isolates were resistant to one or more antimicrobials. Of the 16 antimicrobials tested, the
greatest percentage of Salmonella and E. coli isolates were resistant to tetracycline (92.0 and
92.3 %), streptomycin (48.6 and 27.8 %), sulfamethoxazole (42.0 and 31.1 %) and ampicillin (34.3
and 24.6%), respectively. Of the 8 antimicrobials tested, the greatest percentage of
Campylobacter were resistant to tetracycline (77.8 %), azithromycin (64.6 %), erythromycin (64.3
%) and clindamycin (48 %).   

Discussion The National Animal Health Monitoring System’s (NAHMS) Swine 2000 study results
indicated antimicrobials were fed to grower/finisher pigs on 88.5% of the swine operations, which
accounted for 95.9% of grower/finisher pigs in the USA. Thus, the impact of antimicrobial use and
related issues are a major interest for the pork industry. Little information is available comparing
the effects of therapeutic, subtherapeutic, or prophylactic uses of antimicrobials in animal produc-
tion on development and persistence of antimicrobial resistance among different bacterial
species. With respect to food safety issues, CAHFSE is a long-term project which will provide on-
farm and in-plant trends in prevalence, antimicrobial susceptibility, and genetic relatedness of
enteric bacterial species including; Salmonella, Campylobacter, Enterococcus and non-type specif-
ic E. coli. Isolate characterization trends will be compared to management practices to help identi-
fy risk factors associated with antimicrobial resistant bacterial species in food animals and their
products. In addition, results from the CAHFSE project will serve as the basis of hypotheses for
on-farm and in-plant research.
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INCURSION OF THE DT104 MULTIRESISTANCE LOCUS 
INTO SALMONELLA CHOLERAESUIS

Z.P. McCuddin* and S.A. Carlson
National Animal Disease Center, Agricultural Research Service, USDA, 2300 Dayton Rd, Ames, IA 50010

Abstract The increasing prevalence of multi-drug resistance in pathogenic bacteria is a significant
problem for food safety. Salmonella enterica serovar Typhimurium DT104, which is a global health
concern and infects a broad range of mammalian hosts, has been shown to carry a chromosomal
integron (SGI-1) which encodes multiple antibiotic resistance: ampicillin, chloramphenicol, strepto-
mycin, sulfonamides, and tetracycline (ACSSuT). The portion of this integron encoding antibiotic
resistance is 13 kb and the remaining 30 kb is of unknown function but may contribute to hyper-
virulence in DT104. The SGI-1 antibiotic resistance gene cluster has subsequently been identified
in other serovars suggesting lateral transfer of this element. Host-adapted Salmonella have been
assessed for the SGI-1 integron. Isolates of S. choleraesuis, the swine-adapted serovar, with the
ACSSuT phenotype have been recovered from pooled clinical isolates. Full sequencing of the SGI-
1 is underway. Characterization of this integron provides insight into antibiotic resistance, viru-
lence, and SGI-1 transfer between pathogens.

Introduction Multidrug resistant (MDR) Salmonella are a major concern in veterinary medicine,
food safety, and agricultural practices. Salmonella enterica serovar Typhimurium DT104, which is a
global health concern and infects a broad range of mammalian hosts, has been shown to carry a
chromosomal integron (SGI-1) which encodes multiple antibiotic resistance: ampicillin, chloram-
phenicol, streptomycin, sulfonamides, and tetracycline (ACSSuT). This 43 kb integron is composed
of a 13 kb region encoding antibiotic resistance adjacent to 30 kb of unknown function. This larger
region contains 15 unknown ORFs as well as genes related to mating pair formation and DNA
transfer (Boyd et al., 2001) thus suggesting this is mobile element. In addition, genes in SGI-1
may influence the hypervirulence phenotype observed in DT104 as demonstrated by the correla-
tion between poor clinical outcomes and the presence of SGI-1 (Evans and Davies, 1996;
Rasmussen et al., 2005). Our laboratory has recently identified one of the 15 unknown ORFs,
hereby designated SGI-1 virulence ORF (SvO), as an activator of hypervirulence for DT104
exposed to protozoa.

SGI-1 was originally described in DT104 in 1999 (Briggs and Fratamico, 1999).  The SGI-1
antibiotic resistance gene cluster has since been identified in S. enterica serovars Agona (Boyd et
al., 2001; Giraud et al., 2000), Paratyphi B (Meunier et al., 2002), Albany (Doublet et al., 2003),
Infantis (Carlson et al., 1999), Meleagridis (Ebner et al., 2004), and Newport (Doublet et al., 2004),
suggesting lateral transfer of this element. In addition, the entire 43 kb integron was recently con-
jugally transferred in vitro between S. enterica and an Escherichia coli recipient (Doublet et al.,
2005). Given this evidence for horizontal and vertical transfer of SGI-1, its occurrence in additional
Salmonella serovars is likely and is of great relevance for therapeutic applications and food safety.

While SGI-1 has been found in the aforementioned serovars with broad host ranges, this gene
cluster has not been observed in host-adapted serotypes such as Salmonella enterica serotype
Choleraesuis. Herein, we assessed S. choleraesuis for the presence of SGI-1. Isolates of S. choler-
aesuis with the ACSSuT phenotype have been recovered from pooled clinical isolates and DNA
sequencing of SGI-1 is underway. Characterization of this integron is essential for assessing impli-
cations for antibiotic resistance, virulence, and transmission between pathogens.

Materials and Methods Over 300 Salmonella choleraesuis clinical and non-clinical isolates were
obtained from the National Veterinary Service Laboratories (Ames, IA). Isolates were pooled and
grown in Lennox L broth (Difco) with ampicillin (32 µg/ml, Sigma) and florfenicol (15 µg/ml,
Schlering-Plough). The presence of SGI-1 was confirmed using PCR with previously described
primers (Carlson et al., 1999).  

Sequencing of SGI-1 was accomplished using Elongase PCR (Invitrogen) to amplify 6-8 kb
regions followed by TOPO pCR-XL cloning (Invitrogen). Primers were designed based on the SGI-1
sequence of S. Typhimurium DT104. PCR conditions were according to manufacturer’s instruc-
tions, using the 68° combined annealing and extension. PCR products were visualized using crys-
tal violet and purified by gel excision per manufacturer’s instructions. Colonies were screened for
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inserts using Eco RI digests and PCR with the M13 primers. Plasmid DNA was isolated using the
Plasmid Maxi Kit (Qiagen) and sequenced at the Iowa State University DNA Facility. Sequences
checked using BLAST and aligned using BioEdit.

Results ACSSuT Salmonella choleraesuis were identified from pooled clinical isolates.
Sequencing is currently underway to evaluate identity of SGI-1 in S. choleraesuis with other SGI-1
sequences. Comparisons between SGI-1 from DT104 and SGI-1 from S. choleraesuis will focus
on the antibiotic resistance genes and SvO. Additionally, the SGI-1 insertion site will be identified
for the S. choleraesuis genome.

Discussion Our results have further extended the distribution of SGI-1 and known MDR
Salmonella. SGI-1 had not been previously known for any host-adapted Salmonella. This finding
highlights the transmissibility of this integron and evokes questions regarding the phenotype of
those strains containing SGI-1.  

Future in vivo studies focused on evaluating hypervirulence in these strains will provide insight
into the functions of the unknown ORFs. Our recent studies indicate that SvO is activated when
DT104 is engulfed and then escapes from rumen protozoa (Rasmussen et al., 2005). While swine
are rarely exposed to rumen protozoa, they are exposed to amoeba and other free-living protozoa
that could serve as activators of SvO for S. choleraesuis. Therefore, future studies will also exam-
ine in vivo virulence of amoeba-exposed S. choleraesuis that have SGI-1. The ubiquity of SvO is
another line of research that can provide the basis for understanding the sporadic and anecdotal
reports of Salmonella hypervirulence.

Conclusions MDR in Salmonella is relevant to food safety, veterinary medicine, and agriculture.
Evaluating the genetic basis for these phenotypes serves to inform the transmissibility of MDR as
well as accompanying virulence features. Increasing sequence data on elements such as SGI-1 pro-
vides insight into the evolution of these genetic elements and a basis for predicting epidemiology.
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SALMONELLA CONTAMINATION ON PORK CARCASSES: 
A STUDY OF CRITICAL POINTS

Eva Creus1*, J. Francisco Pérez1, Enric Mateu2,3

*1Dept. Ciència Animal i dels Aliments, Facultat de Veterinària, Universitat Autònoma de Barcelona (UAB), 08193 Bellaterra,
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Abstract The aim of the present study was to determine the frequency and distribution of
Salmonella contaminations throughout the slaughtering process of pigs. The investigation was car-
ried out in two slaughterhouses that were visited four times each on different days. Samples
were taken from lairage areas, fecal contents, carcasses at different stages of processing and
from the environment. Bacteriological analysis of the samples was carried out by a standard pro-
cedure consisting of a pre-enrichment and selective enrichment. Salmonella isolates were also
serotyped. In total, 720 carcass swabs and 185 environmental samples were collected.
Contamination was high in the lairage area (70.8% of the samples) and relatively low at the final
step of carcass processing (3.7%). However, at intermediate phases, the frequency of contamina-
tion was higher, particularly after evisceration (6.2%). Global prevalence of fecal carriers was
12.5%. Salmonella was also isolated from hands of personnel in both abattoirs. Also in both
cases, some samples taken in the slaughterline before the start of the operation were positive.
The most spread serotype was Typhimurium; although other serotypes predominated at particular
points. These results suggest that contamination is widespread in the slaughterhouses and that
the patterns of spreading of the contamination are complex.

Introduction Contamination of pig carcasses at the slaughterhouses is a critical point to allow the
presence of Salmonella in pig meat. If the slaughtering process developed with absolute efficien-
cy, carriage of Salmonella in lymph nodes or fecal contents would not contaminate the carcass.
However, all studies done show that the process is less than perfect and contamination of pig
carcasses is common (Swanenburg et al., 2001). Therefore, knowledge of the hazard points for
contamination and evaluation of the risk of each step in the slaughterline is important to design
corrective measures aimed to decrease the frequency of contaminated carcasses at the end of
the slaughtering process. Beforehand, lairage areas, equipment and personnel are the most prob-
able sources of external contamination while laceration of intestines of infected pigs is the other
potential source. The present study was aimed to determine the frequency of Salmonella contam-
inations along the slaughtering process of pigs in two abattoirs of Catalonia, Spain.

Materials and Methods Two commercial pig slaughterhouses of Catalonia were investigated.
Slaughterhouse A slaughtered approximately 350 pigs per hour and slaughterhouse B processed
approximately 650 pigs per hour. Slaughter operations and procedures were similar in both
slaughterhouses except for the scalding. In slaughterhouse A, carcasses were scalded using
water vapor while in slaughterhouse B there was a “scald tank” (60±1°C). Sampling was repeat-
ed four times at each slaughterhouse on different days. Samples were collected from carcasses
(after evisceration, after polishing and before chilling), fecal contents, environment (lairage areas,
scalding tank, evisceration drainages), equipment (knives, polishing brushes, rectal pistols, trim-
ming devices) and from hands of the personnel. For each round of sampling, the same 30 pigs
were marked and were followed up throughout the slaughterline. Carcasses were sampled by vig-
orous rubbing of ham, belly, jowl and back. Environmental sampling was carried out three times a
day, at the beginning of the working day, one hour later and 3-4 hours after the beginning of the
operation. Microbiological analysis were done using a pre-enrichment step in buffered peptone-
water (37°C, 18h), selective enrichment in Rappaport-Vassiliadis broth (42°C, 48 h), and final plat-
ing in XLT4 agar. Suspect colonies were identified by means of API20E (Bio-Mérieux) and
Salmonella isolates were further serotyped according to the Kauffman-White-LeMinor scheme.

Results Contamination was more frequent in slaughterhouse B where 5.3% (19/360) of the car-
casses swabs were positive compared to 1.4% (5/360) in slaughterhouse A (p<0.05). Regarding
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the evolution of carcasses contamination in each stage selected in both abattoirs, the presence of
Salmonella increased from polishing to evisceration and decreased before chilling. This pattern
was seen in both slaughterhouses although slaughterhouse B always had the highest frequencies
of contamination. Also, the prevalence of carrier pigs was higher (p<0.05) in slaughterhouse B
(28/120, 23.3%) than in slaughterhouse A (2/120, 1.6%). In contrast, the proportion of positive
samples in lairage areas was equal in both cases (17/24, 70.8%). Regarding other environmental
samples, polisher brushes, evisceration knives and knife-grinders, evisceration drain water and
hands of the personnel were found to be contaminated at least once in slaughterhouse B. In
slaughterhouse A, only rectal pistols and hands were found contaminated. Interestingly, some
samples taken in the slaughterline before the start of the working activity were found to be posi-
tive (1.5% in slaughterhouse A and 4.1% in slaughterhouse B). However, the mean prevalence of
Salmonella in environmental samples per time point did not seem to follow a pattern. Table 1
summarizes these results.

Regarding the distribution of Salmonella serotypes, in lairage areas Salmonella Typhimurium
and Rissen were common in both abattoirs while other serotypes could be also present (Wien,
Manchester, Derby, Anatum, etc.). The most frequently isolated serotype in the other environmen-
tal samples in both slaughterhouses was Salmonella Typhimurium. In faecal samples,
Typhimurium and Derby predominated and in carcasses 23/24 isolates corresponded to serotypes
Typhimurium, Rissen and Derby. 

Discussion The results of this study show that Salmonella contamination is common at several
points of sampling. In addition, frequency of isolations at each step and abattoir can differ
between days. It is thought that the ultimate origin of Salmonella contaminations is the existence
of carrier pigs (Berends et al., 1997). However, once the premises and the equipment is contami-
nated, the fact that one particular carcass become contaminated depends greatly on the hygiene
and the efficiency of the slaughtering process (Botteldoorn et al., 2004) becoming thus a fact that
depends on a series of probabilities.

In the present case, and as reported by others (Swanenburg et al., 2001), it was seen that the
presence of Salmonella on carcasses is similar or lower than the prevalence of carrier pigs. This
fact clearly indicates that accurate procedures during the slaughter process are effective to reduce
the level of contamination of carcasses; such is the case of scalding and singeing steps.
Nevertheless, re-contamination may occur later in the slaughterline. For example, as shown by our
results, no Salmonella was isolated on carcasses after scalding but then, there was a little increase
in the frequency of contamination after evisceration. This has been also reported by others (Davies
et al., 1999; Pearce et al., 2004). A proportion of these re-contaminations can be attributed to the
environment. In our study, hands of the personnel working in the evisceration areas were found to
be contaminated with Salmonella in both abattoirs. This fact suggests that strict application of good
evisceration techniques and hygiene are necessary to reduce carcass contamination. Interestingly,
most of carcasses that were found to be contaminated were not those of pigs that were fecal car-
riers. Botteldoorn et al. (2004) found that only between 4% and 25% of contaminated carcasses
acquired contamination from their own fecal contents or lymph nodes. 

Conclusions Our results show that cross contamination is common and that if adequate hygiene
practices and procedures during the slaughter process were strictly carried out, the incidence of
Salmonella on carcasses could be reduced and therefore, food safety will improve.

Acknowledgements Our grateful thanks for the cooperation of the abattoirs and we wish also
thank to all people that helped in sampling.
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Sample Type
Slaughterhouse A Slaughterhouse B

Total (%) Total (%)

Environment

Lairage areas
17/24
(70.8)

Typhimurium(10),
Wien(3), Rissen(3),

Anatum(1), 1,4,12:i:-(1)

17/24
(70.8)

Typhimurium(7),
Kapemba(4), Derby(3),

Rissen(2), Manchester(1)

Scalding tank 0/12 (0)

Polishing brushes 0/4 (0) 1/4 (25) Typhimurium(1)

Rectal pistol
1/12
(8.3)

Rissen(1) N.D.

Evisceration
knives

0/12 (0) 3/12 (25)
4,5,12:i:1,2(1), Rissen(1),

Typhimurium(1)

Evisceration 
knife-grinder

N.D. 2/9 (22)
Typhimurium(1),
Branderburg(1) 

Evisceration
hands

1/12
(8.3)

Anatum(1) 3/12 (25)
Typhimurium(2),

1,4,5,12:i:-(1)

Evisceration 
drain water

0/12 (0)
1/12
(8.3)

Typhimurium(1)

Trimming devices 0/12 (0) 0/12 (0)

Total 
environmental

19/88
(21.6)

27/97
(27.8)

Carcass

After polishing 0/120 (0) 0/120 (0)

After evisceration
3/120
(2.5)

Rissen(2),
Typhimurium(1)

12/120
(10)

Rissen(8), Typhimurium(2),
Bredeney(1), Derby(1)

Before chilling
2/120
(1.6)

Rissen(2)
7/120
(5.8)

Derby(6), Rissen(1)

Animals

Faeal contents
2/120
(1.6)

Typhimurium (1),
1,4,12:i:- (1)

28/120
(23.3)

Derby(12), Typhimurium(8),
Agona(3), Bredeney(2),
4,12:i:1,2(1), Rideau 1),

4,12:-:-(1)

Table 1. Isolation of Salmonella in two commer-
cial slaughterhouses in samples of slaughtered
pigs and the slaughterhouse environment 
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SWINE SUSTAINABLE SYSTEMS AND FOOD SAFETY IN
VIETNAM

Nguyen Quang Linh1 and Wiebe Koops2
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2Group of Animal Production Systems, Wageningen University, The Netherlands

With strategies are leading to sustainable systems in production in Vietnam. The major pig sys-
tems in Vietnam are small holding scales, whereas are still keeping a low productivity, and not
sustainabilities. The situation were improved when farmers sustainable systems approach to small
holding farms in Central Vietnam. The use of local and exotic pig breeds were interacted with
farming systems to get breeding models that are suitable for pig production systems, origin feed-
stuffs used for safety in pork production. Without commercial, antibiotic, growth hormone, and
additives could guarantee for food safety in comsumption. Hence, farmers and producers can
develop sustainable systems for pork production reach criteria as a higher food security by nutri-
ent balance, a rich of polyunsaturated fatty acids in lean meat, also higher immune titres of resist-
ance to diseases. Data were collected from 287 small pig farms in three provinces of Central
Vietnam, pig production systems were analysed for pork income and food safety safety that were
determined for each ecosystem. Exotic breeds and higher protein diet associated with rice and
lagoon production system, with crossbreed and lower protein diets approach for horticulture and
vegetable systems. Other low protein diets and local breeds suitable for cassava systems. A les-
son of use of diversity for sustainable markets and economic aspects and better food taste for
consumers. 

 


