
1

Swine Health Producer Guide

The Role of PEDV in Feed:  
Current Knowledge and Understanding 

Roger Cochrane and Dr. Cassie Jones, Department of Grain Science and Industry, Kansas State University
Reviewers: Scott Dee, Joel DeRouchey, Steve Dritz, Phillip Gauger, Laura Greiner, Anne Huss, Eric Nelson, Mike Tokach, Henry Turlington, Pedro Urriola, and Jason Woodworth

PEDV Transmission by Feed
The main route of PEDV transmission is fecal-oral, although airborne transport has also been implicated.1, 4 
Speculation was made that fecal contamination in feed and ingredients resulted in their role as a potential vector for 
transmission. Indeed, epidemiological and controlled research in 2014 confirmed that animal feed and ingredients 
can be a potential vector for PEDV transmission.5-7 Contaminated feed ingredients may have been responsible for 
rapid transmission of the virus, but research has not conclusively identified the primary route for PEDV into the 
U.S. A recent investigation report from the USDA suggested that flexible intermediate bulk containers, polyethylene 
tote bags, had the greatest likelihood to have been the source of PEDV entry into the country.8 These containers 
are widely used to transport feed ingredients. A follow-up study has since demonstrated that contaminated feed 
ingredients themselves may also serve as transboundary risk factors for PEDV.9 Research is needed to evaluate the 
likelihood of ingredients and transport vessels to retain PEDV and other foreign animal diseases, and to determine 
potential options for their decontamination. 

PEDV Analysis
Analysis of PEDV in feed or ingredients can be conducted by using real-time, quick PCR (RT-qPCR) tests, through 
cell culture or via bioassay. The RT-qPCR analytical method reports the quantity of genetic material present in a 
sample. Its advantages include high sensitivity, low cost, and fast throughput. However, the analysis is not indicative 
of infectivity, and quantitative results are not always comparable among laboratories. On the other hand, both cell 
culture and bioassay have the ability to confirm infectivity. The determination of PEDV infectivity by cell culture 
is still ongoing and requires further refinement, and bioassay has inherently low sensitivity for detecting PEDV.10 
Most of the PEDV research using bioassays has been conducted with just three pigs per treatment. In this model, 
a positive bioassay result is determined PEDV-positive, but a negative bioassay result does not necessarily indicate 
non-infectivity. Thus, bioassay is a poor estimator of the risk of disease transmission between farms of larger 
populations.10 Both bioassay and cell culture infectivity analyses are expensive and time consuming, so producers 
and feed mills can only practically utilize results from RT-qPCR analysis to make decisions to accept or reject 
ingredients. More research is needed to develop rapid detection methods for PEDV infectivity. 

Porcine epidemic diarrhea virus (PEDV) is a coronavirus that has affected the United States swine industry since 
20131. Notably, the disease is not zoonotic and has no implication on human food safety, but its effect on pig welfare 
and productivity is detrimental1. The virus affects pigs of all life stages, but the greatest mortality rates are observed in 
the farrowing house because the coronavirus targets mature enterocytes and leads to malabsorption, diarrhea, vomit-
ing, and potentially lethal dehydration1, 2. It is estimated that the “year of PEDV” resulted in a 3.2 percent reduction 
in the U.S. swine herd in 2014 compared to the previous year3. 
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Infectivity of PEDV in Feed
One concerning aspect of feed being a vector for PEDV transmission is that very low doses can result in infectivity. The 
minimum infectious dose of PEDV contamination in feed for a pig to become infected has been reported to be seven 
infectious units or 5.6 × 101 TCID50/g, which equates to a cycle threshold of 37 according to RT-qPCR.11-13 Ultimately, 
this means that just one gram of PEDV-infected feces contains enough viral particles to contaminate up to 500 tons 
of feed.12 The large magnitude of infectious PEDV generated, coupled with a low infectious dose, indicate that both 
prevention and proactive mitigation protocols are appropriate to reduce the risk of PEDV transmission through feed14. 

Prevention of PEDV Entry

Likelihood of Entry Location in Feed Mills
Because PEDV can be transmitted by feed, the first goal is to prevent viral entry into a feed mill altogether. To better 
understand locations in a feed mill that may be considered at high risk for PEDV entry, environmental swabs were 
collected at multiple locations within 24 different feed mills that were manufacturing swine diets. The locations with 
the greatest number of PEDV positive swabs were the foot pedals from finished feed trucks and the bulk ingredient 
receiving pit.15 Notably, these samples were collected during the summer, which is considered a lower risk of 
infection season. While the percentage of PEDV-positive samples was low, the presence of the virus in the facility 
indicates that the feed mill itself may be a location of PEDV transmission. 

Biosecurity Helps Control the Risk of PEDV Entry
To reduce the likelihood of contamination in the first place, many feed mills have implemented biosecurity plans 
and protocols to more closely control biological hazards, such as PEDV.16 Videos demonstrating biosecurity and 
sampling protocols have been created by Kansas State University, and are posted on their PEDV Resources page.17 
Furthermore, an example biosecurity guidance document has been outlined by the American Feed Industry 
Association and is available for download in their Resource Center.18 Included in this document is guidance 
preventing the entry of hazards by inbound ingredients, vehicles and people. For example, some facilities have 
chosen to develop an Approved Supplier Program or a Test-and-Hold Program to reduce the risk of PEDV entry 
from potentially contaminated high risk ingredients.

Role of Ingredients on PEDV Stability over Time
Research indicates that PEDV survivability over time differs within the feed matrix. For example, the amount of 
PEDV nucleic acid detected by RT-qPCR in porcine meat and bone meal and spray-dried animal plasma have been 
reported to be relatively consistent over time, while the quantity of particles in many other feed ingredients and 
complete feeds are reduced over the same time period (Figure 1).19, 20 Other research has indicated that spray-dried 
animal plasma is not particularly susceptible to retaining viral particles, but supported the finding that particular 
ingredients retained PEDV for an extended period of time.9, 21 This was particularly true for soybean meal, which 
retained PEDV contamination for 180 days post-inoculation.9, 21 It is suspected that protein composition or water 
activity play a role in PEDV survivability. For example, it has been reported that wet feed retains detectable PEDV 
RNA for up to 28 days, while the viral particles in dry feed are undetectable after seven days.22 Storage of ingredients 
also appears to effect the stability of the virus. Spray-dried bovine plasma retained PEDV viral particles for seven 
days when held at 72°F, 14 days when stored at 54°F, and 21 days when stored at 39°F.21 Research is needed to better 
identify the physical and chemical characteristics of ingredients that increase their risk for PEDV stability.

Impact of Ingredient Manufacturing Method on Viral Stability
Feed ingredients derived from porcine origin, or from locations where those ingredients are manufactured, may pose 
a greater risk for PEDV contamination due to an increased opportunity for post-processing cross-contamination. 
However, this contamination should be negligible if appropriate manufacturing controls are followed. In order to 
better understand the appropriate concern for PEDV contamination in different feed ingredients, a risk assessment 
was conducted to evaluate the risk of ingredients manufactured according to common practices, including 
rendering, hydrolysis and spray drying.23 Rendering and hydrolysis both use high temperatures for a prolonged 
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period of time, which resulted in their categorization as having negligible risk to transmit PEDV when processes are 
carried out according to standard procedures.23 Products manufactured by spray drying were determined to have 
a low risk of PEDV survival.23 Compared to rendering and hydrolysis, spray drying utilizes a much shorter time × 
temperature combination, which may be responsible for its characterization as being slightly higher risk to result in 
PEDV contamination. Like all point-in-time mitigation steps, extreme care must be taken to prevent post-processing 
cross-contamination. This may be particularly concerning at ingredient manufacturing facilities where raw material 
with a high likelihood of infectivity and large number of viral particles may be present. 

Not All PEDV-Positive Ingredients and Feeds Are Infectious
Some manufacturing processes denature viruses so they no longer have functionality to cause infection, but viral 
residues are still detectable by RT-qPCR. Spray drying may be one of those processes, because research has indicated 
that the process is sufficient to inactivate infectious particles.23-25 Indeed, PEDV RNA present in commercial spray-
dried porcine plasma has been reported to non-infectious when manufactured according to best practices with 
appropriate controls to prevent cross-contamintion.24-26 Unfortunately, the advancement of some research is limited 
because the determination of infectivity must ultimately be conducted by cell culture or pig bioassay.  

Summary of Key Points
• Surveys indicate foot pedals of trucks and the ingredient receiving pit are potential locations for PEDV entry 

into feed mills.
• Biosecurity procedures, including the control of people, vehicles, and inbound ingredients may help reduce the 

risk of PEDV transmission
• Stability of PEDV varies in different ingredients. 
• The rendering and hydrolysis processes result in negligible PEDV survival as long as they are completed 

according to protocol. However, post-processing cross-contamination must be controlled to minimize the 
ingredients as potential routes for infection.

• The spray-drying process results in a low risk of PEDV survival. This dose of contamination in raw material 
and potential for post-processing cross-contamination potential are critical factors in transmission risk.

Options for Proactive Mitigation

Strategies for Point-in-Time Mitigation
Irradiation: Once contaminated, it is possible for the quantity of infectious PEDV particles to be reduced. 
Both irradiation and thermal processing have been demonstrated to successfully reduce the quantity of PEDV 
RNA. Irradiation with 50 kGy has been reported to inactivate 99.97% of the virus, while irradiation with 10 kGy 
inactivated 90% of the virus.11 While this is a substantial reduction, the process still likely leaves a sufficient number 
of particles for infection depending upon the initial contamination level. Furthermore, the dose of irradiation 
required for this reduction is relatively high compared to other foods. For example, 3 and 4.5 kGy recognized by 
FDA as sufficient doses for pathogen control in cooked eggs and refrigerated uncooked meat, respectively.27 The 
magnitude of irradiation required for efficacy to reduce PEDV is greater than the available capabilities in the U.S. 
today. While irradiation may be a successful and possible treatment for specific high risk ingredients, it is not 
practical for large-scale feed production. 
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Thermal Processing: A more plausible manner to reduce the quantity of detectable PEDV RNA is through thermal 
processing. Research has found that 99.99% of PEDV is inactivated by heating at 194°F and 70% relative humidity 
for 10 minutes.11 Again, the time × temperature required to inactive the virus was matrix dependent, as the 
same parameters required 15 minutes for similar inactivation in spray-dried animal plasma.11 The most practical 
method of thermal processing in the U.S. swine industry is by using a steam conditioner and pellet mill. Research 
suggests that pelleting feeds with a conditioning temperature greater than 130°F for 30 seconds reduces PEDV 
infectivity.28, 29 Traditional conditioning temperatures in the U.S. are well above this temperature, so pelleting can 
be a means to reduce the risk of PEDV transmission in feed. However, there may be opportunities for infectious 
feed to be produced, even when pelleting at these parameters. Because feed mills rarely have rework bins, any 
feed manufactured during start-up or in the case of a die plug may not reach the required time × temperature 
combination for PEDV inactivation, and this feed could potentially cause downstream cross-contamination to 
equipment or otherwise PEDV-free feed. 

Strategies to Reduce the Likelihood of Cross-Contamination
Flushing and Sequencing Procedures: If PEDV enters a feed mill, steps must be taken to prevent cross-contamination 
to other ingredients, feed, and equipment. An experiment conducted in a pilot-scale feed mill demonstrated that over 
85% of all swabbed surfaces were positive for PEDV after a PEDV-positive feed was mixed and conveyed through 
a bucket elevator (Figure 2).28, 30  Flushing helped to reduce the quantity of detectable RNA in feed samples collected 
from the mixer, but feed samples collected from the bucket elevator remained PEDV-positive through four subsequent 
flushes.28, 30 While the proportion of PEDV-positive swabs collected from feed contact surfaces was reduced from 
100 to 85 percent with flushing, the adjacent and structural surfaces remained highly contaminated throughout 
manufacturing.28, 31 Furthermore, wet cleaning with both a commercial sanitizer and bleach solution was required to 
completely decontaminate the facility, a practice that is not practical for a feed mill.28, 32 The quantity of detectable 
PEDV RNA and its infectivity in a bioassay suggest that residual feed in manufacturing equipment and ubiquitous 
contaminated dust may provide a means for cross-contamination within a feed mill. Therefore, sequencing can be used 
to help reduce the likelihood of PEDV contamination after manufacturing high-risk feeds, but care should be taken to 
control dust and its addition back into feed. 

Chemical Additives: The previously outlined strategies can be successful at a point-in-time, but provide the 
opportunity for post-processing cross-contamination. Chemical additives may be utilized by a facility to reduce 
the probability of this cross-contamination throughout the feed production chain because they provide some level 
of residual activity that decreases the likelihood, magnitude, and duration of PEDV cross-contamination during 
manufacturing, transport or storage. To test their ability to resist cross-contamination, feeds or ingredients were first 
treated with the chemicals, then inoculated with PEDV and analyzed for virus presence or infectivity over time. The 
commercially-available products tested for PEDV include SalCURB (Kemin AgriFoods), Termin-8 (Anitox), sodium 
bisulfate (Jones-Hamilton, Co.), salt, sugar, KEMGEST (Kemin AgriFoods), ACTIVATE DA (Novus International), 
Acid Booster (Agri-Nutrition) and Ultracid P (Nutriad). Notably, none of these products are labeled for PEDV 
mitigation. Other products tested that are not commercially available include custom blends of each medium chain 
fatty acids (MCFA), essential oils and organic acids. 

The formaldehyde-based SalCURB and Termin-8 consistently reduced the quantity of detectable PEDV RNA in 
feed and ingredients, and have been demonstrated to prevent infectivity.9, 19-21, 33- 36 Furthermore, salt, sugar, and 
KEMGEST have resulted in faster PEDV inactivation compared to a control, but none of these additives completely 
inactivated the virus11. The inclusion of a custom blend of 1 or 2 percent MCFA (equal parts capric acid, caprylic 
acid and caproic acid) and 2 percent essential oil (equal parts garlic oleoresin, turmeric oleoresin, capsicum 
oleoresin, rosemary extract, and wild oregano essential oils) have also demonstrated the ability to reduce PEDV 
RNA concentrations and the MCFA blend has prevented infectivity.9, 19, 20, 33, 35, 36

Again, the efficacy of chemical additives to reduce the likelihood, magnitude, or duration of contamination appears 
to be affected by the feed matrix. For example, the formaldehyde-based products and MCFA may be more effective 
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at reducing the magnitude and duration of PEDV contamination in ingredients than a complete diet as detected 
by RT-qPCR.19, 20 Still, the chemical treatments resulted in non-infectivity in both matrices.33 While potentially 
effective at helping prevent post-processing cross-contamination, chemical additives carry additional cost, often 
require specialized application equipment for maximum effectiveness, and may create worker safety concerns due to 
hazardous components of the chemicals.

Summary of Key Points
• Irradiation can effectively inactivate PEDV, but the required dose is high and more relevant for targeted 

ingredients than for complete feed.
• The interaction of time × temperature can be used to reduce PEDV infectivity, but the required combinations 

are dependent upon the feed and ingredient composition.
• Pelleting feed with a 130°F conditioning time for 30 seconds reduces PEDV infectivity, but it is rare for all feed 

during an entire run to reach these parameters.
• Both irradiation and thermal processing are point-in-time kill steps that do not prevent potential downstream 

cross-contamination. 
• Once PEDV enters a feed mill, it can spread ubiquitously and be difficult to decontaminate.
• Flushing or sequencing can help reduce the likelihood of infectious contamination in feed exiting the mixer, 

but does not reduce the magnitude of contaminated manufacturing surfaces.
• Chemical additives may help reduce the likelihood, magnitude, or duration of PEDV cross-contamination in 

feed or ingredients, with formaldehyde-containing commercial additives and medium chain fatty acids showing 
the greatest efficacy.

Conclusion
Feed has been demonstrated to be one of many potential vectors for PEDV transmission, and a very low dose of 
the PEDV can result in clinical disease. Substantial research has been conducted in the past two years regarding the 
role of PEDV in feed. If proper biosecurity and manufacturing procedures are followed, there is a low likelihood of 
PEDV contamination in finished feed. However, the sheer magnitude of PEDV infectivity creates the argument for 
utilizing multiple methods to further reduce risk. Continued research is needed to further understand the role of 
PEDV in different feed matrices and to develop better feed-based analytical methods to assess infectivity. While we 
have learned a great deal about viral pathogen transmission in feed, more research is needed to eliminate its role in 
the spread of PEDV and other potential feedborne foreign animal diseases.

Future Work
• Improve biosecurity to prevent biological hazards in feed mills.
• Develop accurate feed-based rapid-detection technologies for PEDV infectivity.
• Understand the role of the feed matrix on stability of PEDV and efficacy of chemicals to prevent cross-

contamination.
• Develop and test practical inclusion levels of chemical additives.
• Determine applicable sanitation procedures for contaminated feed manufacturing surfaces. 
• Evaluate methods to prevent downstream cross-contamination of PEDV throughout the feed system.   
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