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1. ABBREVIATIONS AND DEFINITIONS 
APHIS Animal and Plant Health Inspection Service 

CEAH Center for Epidemiology and Animal Health 

CFR Code of Federal Regulations 

FAD Foreign Animal Disease 

FFDCA Federal Food, Drug, and Cosmetic Act 

FMD Foot–and-Mouth Disease 

FMDv  Foot-and-Mouth Disease virus  

FSIS Food Safety and Inspection Service 

HACCP Hazard Analysis and Critical Control Point 

HFMD  Hand, foot, and mouth disease  

NAHMS National Animal Health Monitoring System 

OIE World Organization for Animal Health, Office International des Epizooties 

PFU Plaque forming unit 

RTE Ready-to-Eat 

SSOPs Sanitation Standard Operating Procedures 

U.S. United States of America 

USDA United States Department of Agriculture 

VS Veterinary Services 

Term Definition 
Ante-mortem inspection  The inspection of live animals prior to being slaughtered. 
Barrows and gilts Juvenile females (i.e., gilts) and castrated males (i.e., barrows). 
Boars Adult intact males. 
Breeding stock  Class of slaughter hogs that includes both ‘Sows’ and ‘Boars’. 
Buffer zone  A zone that immediately surrounds an infected zone or a contact premises. 
Canned products A commercially produced sterile food packed in hermetically sealed 

containers. 
Casings Natural casings are almost exclusively prepared from different parts of the 

alimentary canal of pigs and ruminants. Pig casings are derived from the 
stomachs, small intestines (pig casings, smalls, or rounds), large intestines 
(caps and middles), and terminal straight end of the large intestines 
(bungs). 

Commercial food waste Food refuse of any character that is the result of handling, preparation, 
cooking or consumption of food (garbage) in a commercial entity such as a 
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Term Definition 
restaurant or intermediate food processor (e.g., a cheese factory). If 
garbage, the waste needs to be submitted to a thermal processing of 100°C 
for 30 min before animal feeding. 

Commercially sterile Food that has been processed in a way that eliminates or kills all forms of 
life and is stable at room temperature for a long period.  

Confirmed positive case  An animal with clinical signs consistent with FMD and from which FMDv 
is isolated and identified in a USDA laboratory or other laboratory 
designated by the Secretary of Agriculture. 

Confirmed positive premises  Any premises with at least one confirmed positive case (animal); affected 
premises. 

Control area Consists of an infected zone and a buffer zone. Initially, the entire State, 
Commonwealth, Tribal Nation, or territory may be declared a control area 
and subject to movement restrictions until appropriate surveillance and 
epidemiological evidence has been evaluated and the extent of the outbreak 
is known. 

Cull hogs Sub-class of ‘barrows and gilts’ that includes slaughter hogs that are 
marketed with physical imperfections (e.g., lameness, abscesses, hernias, 
retained testicles, etc.) and/or out of weight.  

Curing Method based on manually rubbing a cure solution into the meat, soaking 
the meat into a mixture of water and the curing agents or injecting the 
curing mixture into the meat. The meat will then be subjected to dry 
conditions to decrease water activity for different periods. 

D-value The time required at certain temperature to achieve 90 percent of virus 
inactivation. 

Edible Intended for use as human food. 
Fomites Inanimate objects that, when contaminated with a viable disease agent, can 

serve as a source of infection for a susceptible host. 
Federally inspected plants  Federally inspected plants are those that transport meat interstate or 

internationally and must employ federal inspectors to ensure compliance 
with USDA standards. 

Group Any collection of animals that share a common characteristic (e.g., same 
farrowing week or location). 

Herd The population of animals at defined premises. 
Hermetic container  An airtight container intended to be secure against the entry of 

microorganisms including spores. 
Incubation period  The known or assumed period between the introduction of a pathogen into 

a susceptible animal and the occurrence of the first clinical signs of the 
disease; the OIE incubation period standard for FMD is 14 days. 

ID50 Infectious Dose 50; amount of pathogen required to infect 50 percent of 
exposed individuals.  

Inedible Adulterated, uninspected, or not intended for use as human food. 
Infected zone  In an outbreak of FMD, the infected zone will encompass the perimeter of 

all presumptive or confirmed positive premises (“infected premises”) and 
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Term Definition 
include as many “contact premises” as the situation requires logistically or 
epidemiologically.  

Infected premises  Premises where a presumptive positive case or confirmed positive case 
exists based on laboratory results, compatible clinical signs, case 
definition, and international standards. 

Lairage time The period of time when an animal is being cared for (i.e., housed, 
watered, fed, etc.) in a temporary holding facility-usually an abattoir. 

Market-sized hogs Juvenile pigs approximately six months of age within the preferred weight 
range as defined by the purchaser. 

Meat-food product  Any product capable of use as human food which is made wholly or in part 
from any meat or other portion of the carcass of any cattle, sheep, swine, or 
goats. 

Off-weight hogs  Pigs intended for sale and  marketed above or below the preferred ‘market-
sized hog’ weight range as defined by the purchaser. 

Official establishment  Any slaughtering, cutting, boning, meat-canning, curing, smoking, salting, 
packing, rendering, or similar facility at which inspection is maintained 
under regulations of the Federal Meat Inspection Act, Poultry Products 
Inspection Act, Egg Products Inspection Act, and the Humane Methods of 
Slaughter Act. 

Plaque-forming unit (PFU) Used in virology studies to estimate the quantity of virus particles present 
in a sample based on the number of plaques formed per-unit-volume. 

Post-lethality environment  The area within an establishment into which product is exposed to the 
environment after having been subjected to a full lethality treatment. The 
ready-to-eat product may be exposed to the environment in this area as a 
result of slicing, peeling, dicing, re-bagging, or cooling of exposed product 
or semi-permeable encased product with a brine solution, or other 
procedures. 

Post-lethality treatment  A lethality treatment applied to the final product or sealed package of 
product to reduce or eliminate pathogen contamination resulting from post-
lethality exposure.  

Post-mortem inspection The inspection of the carcasses and parts of meat used for human food. It 
covers the steps in the slaughter process that begin at stunning and ends at 
the step where the carcass is placed in the cooler. 

Premises Locations where livestock are raised, housed, or pass through during 
commerce.  

Presumptive positive case  An animal with clinical signs consistent with FMD, plus an FMD-positive 
(non-confirmatory or screening) laboratory result and epidemiological 
information indicative of FMD. 

RTE pork products A pork-meat product that is in a form that is edible without requiring 
additional preparation. It may receive additional preparation to make the 
product more appealing to the consumer. 
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Term Definition 
Sanitation  The act of maintaining a clean condition in a food-handling situation in 

order to prevent the transmission of disease and other potentially harmful 
contaminants through meat products.  

SSOPs Sanitation procedures that a meat plant uses both before and during 
production to prevent contamination of products. Site-specific SSOPs were 
required to be implemented in January 1997 by all slaughter and 
processing plants, under the comprehensive pathogen reduction regulations 
issued by USDA in July 1996. 

Shelf stable Food product which has been processed so that it can be safely stored at 
room or ambient temperature for a usefully long shelf life. 

Sows A class of slaughter hogs that includes females that have attained breeding 
size and age, and females that have given birth to one or more litters of 
piglets. 

Stages of disease:  
 Viremic 

 
 
 

 Incubation period 
 

Susceptible (S) 
  

Latent stage (L) 
 

Pre-clinically infected stage (I) 
 

  
Clinically infected stage (C) 

 
 Recovered 

 
 Clinically suspicious pigs 

 
An active virus circulating in the bloodstream. Pigs can be viremic and 
shedding virus before they develop clinical signs. Includes the pre-clinical 
(I) and clinical (C) stages of disease in this risk assessment. 
 
The time from exposure to the development of clinical signs. 
 
Pigs that have no immunity against the disease 
 
Susceptible pigs are exposed and incubating virus, but are not viremic. 
 
Pig is viremic, is shedding virus, but does not have clinical signs. These 
pigs represent the highest risk for spread of virus. 
 
Pig is viremic, shedding virus and is exhibiting clinical signs of disease 
 
No longer infected with the virus. 
 
Animals in a population at risk with clinical signs that do not specifically 
indicate FMD. 

Table food waste feeding  Food waste/garbage from private households that is fed directly to swine.  
TCID50 Tissue culture infective dose 50; amount of a pathogen needed to produce 

pathological change in 50 percent of cell cultures inoculated, expressed as 
TCID50/ml. 
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2. EXECUTIVE SUMMARY 
The risk of spreading foot-and-mouth disease virus (FMDv) via contaminated ready-to-eat (RTE) pork 
products after the occurrence of an FMD outbreak and prior to the establishment of outbreak specific 
measures is a function of: (1) the likelihood of the pigs being infected with FMDv at the time of 
slaughtering; (2) the likelihood of FMDv surviving preparation, processing, storage, and transportation of 
the RTE product; and (3) the likelihood of FMDv infected products being consumed by susceptible pigs  
and causing infection. The risk that susceptible swine would be infected by RTE pork products produced 
from FMD-infected but undetected pigs is negligible if requirements for inactivation of FMDv and 
sanitation procedures for preventing recontamination are followed. If these requirements are not followed, 
the risk for infection increases to low to moderate and additional mitigation steps may be required to 
reduce the risk to an acceptable level.  

The likelihood of FMD-infected pigs entering into the harvest facility during an outbreak 
and prior to the establishment of a control area is high.  

Results from a within-herd disease spread model estimated that the disease will spread rapidly within a 
swine population by the time of detection (i.e., between day 6 and 8 post-exposure) and the mean number 
of infected, undetected pigs will be between 65 and 1,200 for small (≤500 head) and large (≥10,000 head) 
herds, respectively. It is highly likely that infected but undetected pigs would enter the slaughter facility 
and that ante- and post-mortem inspections would not detect them as clinical signs because lesions will 
have not developed. 

The likelihood of FMDv surviving preparation, processing, storage, and transportation of 
the RTE product is negligible when the requirements for FMDv inactivation are met.  

It is highly likely that FMDv will be present in different tissues after slaughter due to the high 
concentration of virus found in fresh tissues (up to 109.6 TCID50/g). The duration of chilling (12-24 hours) 
may not be sufficient to mitigate the risk of viral presence in the meat cuts used to produce RTE pork 
products. Subsequent thermal and dry curing processing will inactivate the virus. The specific 
requirements for the processing will depend on the virus concentration and type of product. After 
processing, post-processing contamination with FMDv could occur from aerosolized virus and cross-
contamination from live animal handling areas and raw meat harvest areas by workers and equipment.  

The likelihood of FMDv infected product reaching susceptible animals in sufficient 
quantity to cause infection is negligible to moderate.  

The conditions for garbage processing (100 °C, 30 min) are adequate to inactivate the FMDv. When 
feeding pigs with RTE pork products from FMD-infected pigs that have been processed under conditions 
required to inactivate FMDv, there is negligible risk of infectious virus being spread within this material 
to susceptible populations. However, table food waste feeding of RTE pork products may constitute a 
greater but uncertain risk to infect susceptible livestock by the oral route if the requirements for FMDv 
inactivation are not met or sanitation procedures are not followed to avoid virus recontamination.  
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3. BACKGROUND  
This risk assessment is a joint effort between the swine industry working groups, the University of 
Minnesota’s Center for Animal Health and Food Safety, and United States Department of Agriculture 
(USDA), Animal and Plant Health Inspection Service (APHIS), Veterinary Services (VS), Center For 
Epidemiology and Animal Health (CEAH) to proactively evaluate the risk of  ready-to-eat (RTE) pork 
products spreading Foot–and-Mouth Disease (FMD) to susceptible species during an FMD outbreak in 
the United States (U.S.). The specific time of risk addressed here is during the occurrence of an outbreak 
but before the development of outbreak response measures such as, additional biosecurity measures, 
quarantine, and the establishment of a control area. This risk assessment could be used as a baseline to 
facilitate the development of outbreak specific control measures to be implemented once an FMD control 
area is established in order to guide the managed movements of pigs from monitored herds to slaughter.  

In the event of a FMD outbreak in the United States, local, State, and Federal authorities will implement a 
foreign animal disease emergency response as described in the APHIS Framework for Foreign Animal 
Disease Preparedness and Response Plan (USDA, 2014). This response includes a control and eradication 
strategy that will utilize depopulation, quarantine, vaccination, and movement control measures applied 
throughout the swine industry. In order to support continuity of business, State and/or Federal authorities 
may issue official permits to allow controlled movement of products such as RTE pork products from 
processing facilities identified in a quarantine order during an outbreak. A request for a movement permit 
must be supported by a risk assessment, or a scientifically based logical argument, to demonstrate that the 
risk associated with the movement of the product in question is acceptable.  

Completing this type of risk assessment in a timely manner during an outbreak is typically impractical. 
Developing risk assessments requires significant time, thereby potentially delaying the movement of RTE 
pork products that may represent negligible risk for disease spread. The available inventory capacity may 
also be inadequate for holding the product while the risk assessment is being completed, which may result 
in unnecessary disposal of product. Risk assessments conducted proactively before an outbreak occurs 
can identify mitigation strategies to reduce the potential for disease spread during an outbreak and 
facilitate business continuity by allowing managed movement of products that represent acceptable risk 
for disease spread.  

Continuity of business, in the context of the food supply, means the ability of a farm or food processor to 
continue key operations of production and distribution of safe food and high quality products despite 
disruption of normal operational procedures. The goal of business continuity planning for a FAD outbreak 
is to proactively plan so that most businesses may continue key operations to deliver products and 
services to the consumer, while at the same time protecting animal and public health. Business continuity 
planning can help minimize the negative effects of the disease outbreak and disease response on the food 
industry and/or consumers, without obstructing the goals of disease response. 

The purpose of this risk assessment document is to estimate the risk of FMDv spread associated with the 
production and distribution of RTE pork products produced from pigs from infected herds prior to the 
detection of an FMDv outbreak and establishment of a Control Area. A Control Area will be established 
upon detection of an FMDv infection and, pursuant to this disease response, pigs that have characteristic 
clinical signs of FMDv infection (i.e., clinically infected pigs) are assumed to have a high probability of 
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being detected during on-farm surveillance or ante- or post-mortem inspection, and therefore constitute a 
lower risk for viral spread. Pigs and pork products originating from confirmed or suspect positive 
premises are not considered in this report. It is assumed that these animals would be euthanized, 
vaccinated or restricted from movement once FMD is confirmed. Infected pigs that do not show overt 
clinical signs associated with FMD (i.e., pigs in the pre-clinical stage or infected but undetected) create a 
significant source of potential risk prior to the detection of an outbreak. The role of infected but 
undetected animals in epidemics has been shown to be extremely important in the spread of the disease 
(Orsel et al., 2009). A risk assessment is required to determine whether movement of animals from 
susceptible premises and products from processing facilities within a control area should be permitted for 
distribution. 

This document is an evolving, product-specific, proactive risk assessment that will be reviewed and 
updated as necessary before, during, and after an outbreak to incorporate the latest scientific information 
and preventive measures. This risk assessment cannot, however, guarantee that product movement will 
actually be permitted during a FMD outbreak. Rather, this document provides the framework necessary 
for decision-makers to quickly assess the effectiveness of the current practices and preventive measures as 
they pertain to the risk associated with the distribution of RTE pork products from processing facilities. 
The risk assessment will also allow decision makers to consider implementation of additional control 
measures which would allow the distribution of RTE pork products into, within, and out of the control 
area during a FMD outbreak.  
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4. SCOPE 
This risk assessment is designed to evaluate the risk of RTE pork products produced from pigs originating 
from FMD infected herds prior to the establishment of a control area as a source of infection of 
susceptible livestock during a FMD outbreak in the United States. The risk evaluation is based on the 
likelihood of FMDv being present in RTE pork products and the likelihood these products could serve as 
a source of infection for susceptible livestock if they were to consume them. The assessment will evaluate 
the risk of the RTE pork products as a source of infection and not the transportation or movement of the 
products. In addition, the document will focus on the product itself and not the packaging material and/or 
container used for the transportation. 

This risk assessment evaluated the likelihood that:  

1. Ante-mortem inspection would fail to detect infected pigs;  
2. Viable FMDv would remain in pig carcasses after completion of the slaughter and chilling process;  
3. Viable FMDv would remain in the processed RTE products; and  
4. Animals will become infected because of exposure to contaminated RTE pork products.  

RTE refers to products that are intended to be for human consumption without further food safety 
preparation steps. The categories of RTE pork products that will be assessed in this document are below, 
with examples of representative products within each category (USDA: FSIS, 1999):  

• Thermally processed – commercially sterile (e.g., canned products such as canned hams, ready to 
eat meals, canned lard, low acid canned foods) 

• Heat-treated – shelf-stable (e.g., popped pork skins, snack sticks or jerky, summer sausage, and 
pickled sausages)  

• Not heat- treated – shelf-stable (e.g., dry cured pork, prosciutto, Serrano ham, pickled pig’s feet 
and ears, country hams, pepperoni, dry salami, summer sausage) 

• Fully cooked – not shelf-stable (hotdogs, pastrami, fully cooked hams) 
The products presented below are not within the scope of this assessment: 

• Heat-treated but not fully cooked – not shelf-stable (e.g., bacon, smoked sausages, products with 
batter and breading set but not fully cooked, low temperature rendered products) 

• Raw ground meat product (e.g., whole hog sausages, ground pork) 

• Product with secondary inhibitors – not shelf-stable (e.g., uncooked cured pork products, low pH 
products)  

• Raw not ground meat product (e.g., primal cuts, tenderized cuts with no microbial inhibitors 
[pork tenderloin with solution], boneless cuts, seasoned cuts, and parts) 

• Irradiated raw meat product 

• High-pressure RTE meat products (heat-treated and then pressurized at pressures 5,000-6, 000 bar 
for 30s to 2 min) 
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5. ASSUMPTIONS 
A conservative approach using cautious assumptions (i.e., high-virus inoculation, high-contact rate 
animal-to-animal) was used in this assessment. Using a conservative approach may avoid an 
underestimation of risk, which would be more dangerous. In this study, the cumulative duration of transit 
and holding times are also assumed to be too short for newly exposed market pigs to develop viremia 
prior to slaughter (24 hours or less when the incubation time is within 2-14 days). This risk assessment 
takes into consideration all applicable regulations, including preventive measures already in place.  

This risk assessment is proactive in nature and cannot address the specific circumstances surrounding an 
outbreak in detail. Therefore, the following assumptions are made to establish context and applicability:  

• A FMD outbreak in the U.S. commercial pig population has occurred. 

• Pigs are shipped from FMDv infected but undetected premises before the establishment of the 
control area. It is assumed that these pigs are market hogs; shipment of cull sows is outside the 
scope of this assessment. 

• Uninfected pigs may become exposed and infected during transit, but these animals will not have 
adequate time to develop viremia or clinical signs prior to slaughter. 

• The slaughter and meat processing establishments covered in this document are those under FSIS 
inspection, have Hazard Analysis and Critical Control Point (HACCP) plans in place, and no 
FMDv-specific mitigations are in place at the processing plant.  

• The pathways addressed in this risk assessment are those most applicable to the situations that 
may arise during an outbreak. These conditions depend on the circumstances and cannot be 
known in advance. Therefore, this risk assessment can only provide guidelines and does not 
generate specific recommendations.  

• The within-herd disease spread model does not include the aerosol route of infection or cross-
contamination within groups on a farm via personnel, equipment, and vehicles. Only direct 
contact between animals was considered.  
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6. OVERVIEW OF DATA ANALYSIS APPROACHES 

6.1. Risk Assessment Overview 
This risk assessment is based on the World Organization for Animal Health (OIE) guidelines and 
methodology for import risk assessment with some modifications ((OIE). The OIE model is comprised of 
hazard identification and three steps within a risk assessment:  

1) entry assessment (release of virus to the environment through the commodity); 

2) exposure assessment (exposure of susceptible animals);  

3) consequence assessment (significance of the exposure); and  

4) risk estimation (considers the entry, exposure and consequence assessments to provide the overall 
risk estimation). 

The consequence assessment step as a part of the OIE framework was out of scope of the risk assessment. 
The emphasis of this risk assessment is the release of FMDv associated with the processing and 
movement of RTE pork products and exposure of susceptible livestock. If the entry assessment 
demonstrates a negligible likelihood of the commodity being infected or contaminated with FMDv, the 
risk assessment may be concluded. However, if the risk is estimated to be greater than negligible, the next 
step in the risk assessment is the exposure assessment, which would assess the likelihood that susceptible 
animals will be infected by FMDv through the commodity in question.  

As recommended by the OIE, the risk assessment process is further described as follows:  

• Entry assessment determines the likelihood of a commodity (e.g., RTE pork) being infected or 
contaminated with a hazard (e.g., FMDv) and describes the biological pathways necessary for that 
hazard to be introduced into a particular environment with susceptible livestock. It includes an 
estimation of the likelihood (i.e., qualitative or quantitative) of each of the pathways.  

• Exposure assessment describes the biological pathway(s) necessary for exposure of animals to the 
identified hazard (e.g., FMDv) and estimates the likelihood of those exposures occurring.  

• Risk estimation consists of integrating the results from the entry and exposure assessments to 
produce summary measures of the risk associated with the identified hazard.  

6.2. Likelihood and Risk Evaluation 
The likelihood for each pathway was assessed and categorized using the descriptive scale in Table 1 
(Biosecurity Australia, 2001):  

Table 1. Descriptive scale to estimate the likelihood for an event to occur. 

Likelihood Descriptive Definition 
Extremely high This event would almost certainly occur 
High The event would likely occur 
Moderate This event would be nearly as unlikely to occur as likely to occur  

Low The event would be unlikely to occur 



Risk Assessment for Movement of RTE Pork Products During a FMD Outbreak  

 – 11 –   

Negligible This event would almost certainly never occur  

 

The risk estimation was based on the combination of the likelihoods for each of the pathways in the entry 
and exposure assessments.  

6.3. Uncertainty Estimation 
The uncertainty of the likelihood estimation was described by using a range within the descriptive 
definition used in Table 1. When uncertainty about the estimation was low (the estimation was somewhat 
certain) only one descriptive definition was used to estimate the likelihood (i.e., low, high). When the 
uncertainty on the estimation was moderate or high the descriptive definition used to estimate the 
likelihood was within a range (i.e., between moderate and high). The broader the range, the higher the 
uncertainty about the risk estimation. 

6.4. Modeling Overview 
A stochastic disease spread model was developed to simulate the transmission of FMDv within a herd and 
estimate the number of pigs, dairy and beef cattle in various disease stages at each time point The disease 
stages include: susceptible (S), latent (L), pre-clinical (PI), clinical (CI) and recovered (R) (Carpenter, 
2004). The model updated the number of animals in each disease state every 6 hours. The uncertainties in 
input variables, as well as the inherent variability associated with the course of infection in individual 
swine, dairy and beef cattle populations and the spread within the group were considered in the model in 
the form of probability distributions for parameter (transmission coefficient, duration of the latent, pre-
clinical and clinical periods). Probability distributions were obtained from a recent study that developed 
an updated within herd disease spread model in a swine farm (Kinsley et al. 2016). The herd size 
scenarios used in the model were based on a compilation of statistics published by the National 
Agricultural Statistics Service (NASS) of the USDA for 2007-2012. Table 4 shows the probability 
distributions used in the model.  

The model assumed random mixing among the entire population. The number of susceptible animals that 
become infected in each time step in the model was dependent on the adequate contact rate and the 
proportion of infectious animals (PI and CI) in the herd at that time step. The adequate contact rate (k) is 
defined as the mean number of other animals each infected animal comes into direct contact with per unit 
time such that the contact is adequate to transmit infection. Thus, the probability (Pt) that an animal 
becomes infected and the number of newly infected, latent individuals (L_(t+1)^new) in a given time step 
can be expressed as: 

Pt=1-e^(-((k〖 I〗t)/(N-1)) ) 

L_(t+1)^new~Binomial(St,Pt) 

where It is the number of infectious animals (pre-clinical or clinical) and St is the number of susceptible 
individuals at time t. Transitions between other disease stages (from L to PI, PI to CI and CI to R disease 
stages) were simulated based on the duration of each period (Table 4), which was drawn separately for 
each individual animal.  
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The disease spread model also estimated the time to detect FMD infection in the herd, one of the 
mitigation measures that may be applied in an outbreak at the herd level (Secure Pork Supply Plan, 2014). 
The threshold for considering detection of the disease was set at 5% of the herd showing clinical signs 
based on values of naturally occurring lameness on swine and cattle farms (USDA 2007; USDA 2009). 
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7. PORK INDUSTRY IN THE UNITED STATES 

7.1. Industry Characteristics 
In 2010, the United States ranked as the second largest global producer of pork with exports accounting 
for over $3.5 billion, which was the 5th highest U.S. export food commodity value in that year 
(FAOSTAT, http:/    /faostat.fao.org/site/339/default.aspx). The total number of swine operations was 
69,100 at the end of 2011. At that time, the majority of operations consisted of fewer than 1,000 head 
(i.e., 56,900). However, the farms with 1,000 head or more (i.e., 12,200) made up approximately 94.5 
percent of the total U.S. swine inventory (USDA, 2012). On December 1, 2012, the swine inventory of 
the United States was estimated to be 66.3 million head of which 5.8 million head were breeding stock 
and the remaining 60.5 million head were growing animals (USDA, 2012). As a further reflection of the 
consolidation of production on larger scale operations, the largest 25 U.S. pork-producing entities — as 
ranked by breeding herd inventory — represented over 3 million head of breeding stock in 2012. This 
grouping of producers included both “company owned” production systems and coordinated groups of 
independent family owned operations (Pork Powerhouses, 2012). 

Within the United States, there is a high volume of interstate movement of breeding, growing, and market 
classes of swine. Swine production operations are located throughout the country; however, the most pork 
production is focused in several key regions. In December 2009, for the Midwest/Upper Midwest regions 
the percent of U.S. swine inventory by state were: IA-29.6, IA-11.2, MN-6.5, IL-5.3, IN-5.3, NE-5.0, 
OK-3.6, OH-2.9, and KS-2.6. In the Southeast region in the same time period, the percent of U.S. swine 
inventory in North Carolina was14.4. In the West region that percent of U.S. swine inventory for MO was 
4.7 Even though the breeding and growing phases of production may be located on the same premises, 
most large-scale production in the United States uses ‘multi-site’ systems that require the transport of 
animals between different sites. These production related movements occur on a daily basis within and 
between production systems and regularly incorporate interstate, multistate, and international trans-
boundary movements of all classes of swine for breeding, growing, and marketing purposes. 

7.2. Harvest Statistics  
In the United States, all meat and meat food products that are produced for retail sales (e.g., restaurants, 
food service, retailers, and export) may only originate from animals that are slaughtered and processed 
under ‘continuous inspection’ (i.e., every animal is inspected before and after slaughter) that is performed 
by Federal or State-regulated inspection services (USDA, 2012). Slaughter and processing can also occur 
in ‘custom exempt’ facilities if the meat or meat product is for the ‘household use of the owner, his/her 
family, employees, and non-paying guests’ as directed by the Federal Meat Inspection Act. Where local 
bylaws allow, it is legal for individuals to raise, slaughter, and process meat and meat food products for 
personal use without State or Federal inspection. 

In 2011, the USDA estimated there were approximately 110,860,000 hogs slaughtered in ‘commercial’ 
(i.e., Federal and State inspected) facilities and 98,600 hogs slaughtered in non-commercial or ‘farm’ (i.e., 
custom exempt) facilities (USDA, 2012). In that year, approximately 99 percent of the commercial 
slaughter took place in 611 federally inspected plants that slaughtered hogs; the balance took place in 

http://faostat.fao.org/site/339/default.aspx
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State-inspected plants (USDA, 2011). Federally inspected hogs slaughtered in 2011 included 
approximately 106,606,478 gilts and barrows, 3,027,101 sows, and 328,381 boars (USDA, 2012) . The 
USDA estimated that 912,136 imported live hogs of all classes, that were 50 pounds or greater, also 
contributed to the total slaughter numbers for 2011 (Livestock and Meat International Trade Data - 
Economic Research Service - United States Department of Agriculture). The 12 largest swine slaughter 
facilities accounted for more than 55 percent of the total swine harvest in 2011 (USDA, 2011. To further 
exemplify the consolidation of the slaughtering process, 4 percent of hog slaughter facilities were each 
able to harvest more than 1 million hogs per year, while 14 percent were able to harvest between 10,000 
and 999,999 hogs per year and 82 percent  harvested less than 10,000 hogs per year (USDA, 2012 b). 

7.3. Procurement 
Figure 1 shows the complete RTE pork supply chain from the movement of hogs to slaughter, carcasses 
to processing, and RTE pork product to distribution. As well, the potential consumption of RTE pork 
products through the feeding of direct table food waste or licensed commercial food waste (Swine Health 
Protection Act, 1980). 

The process of maintaining a constant supply of raw product for the manufacturing process is referred to 
as ‘procurement’. Examples of procurement within the pork industry include procuring live hogs for 
slaughter and hog carcasses for processing. The nature of live hog procurement has changed over time. In 
the past, the majority of swine production occurred on relatively small-scale operations and their 
production cycles did not produce large groups of market-sized hogs for slaughter. Hogs were often 
delivered in small groups directly to the slaughter facility by the producer or assembled into larger groups 
at concentration points (e.g., assembly yards, stockyards, auction markets, or buying stations) for public 
sale or for sale by brokers or producer cooperatives to the slaughter facility. Although these scenarios 
continue to exist, they account for a relatively small proportion of market-sized hog sales (Dr. Peter 
Davies, personal communication, September 2012). With the advent of larger scale production, it has 
become possible for individual producers to create large groups of similarly sized animals that can be 
directly marketed to slaughter facilities. As well, a significant proportion of market-sized hog production 
in the United States is owned or contracted by companies that also slaughter and further process these 
animals.  

As reported in the USDA Livestock Slaughter report, classes of hogs slaughtered under Federal 
inspection that contribute to the pork supply chain include: ‘barrows and gilts’, ‘sows’, and ‘boars’ 
(USDA Livestock Slaughter – December 2012). In many cases, the buyers of market hogs (i.e., slaughter 
facilities) offer financial incentives (i.e., premiums and bonuses) to encourage producers to supply hogs 
that meet the weight and carcass trait specifications best suited to their product lines (e.g., size of primal 
cut, total volume of meat, loin size, back fat thickness, etc.). While the majority of hog slaughter 
originates from ‘barrows and gilts’ that approach these desired specifications, there is always some 
variation in the size and quality of hogs produced on individual farms. As a results, the ‘barrows and 
gilts’ category may include market-sized hogs, off-weight hogs, and cull hogs. Producers will make hog 
marketing decisions based on the financial rewards and penalties they receive according to size and 
quality. These marketing decisions may occur at any age and weight during the production cycle. 
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7.4. Transportation and Lairage 
The majority of slaughter hogs will be transported directly from their premise of origin to the slaughter 
facility in individual transport vehicles with other hogs from their own facility. It is, however, common 
that an individual transport vehicle may collect hogs from multiple premises or multiple barns at one 
location prior to arrival at a slaughter facility. It is also possible, that hogs may be transported and held in 
lairage at an intermediate location (e.g. assembly yard) prior to being transported to the slaughter facility. 
Upon arrival at the slaughter facility, hogs may be held in lairage with other hogs from multiple premises 
of origin.  

Within the U.S. industry, transport may be completed by either the owner of the hogs that are being 
transported or by commercial livestock haulers that use their transportation equipment for livestock 
owned by the customers they serve.  The 2012 National Animal Health Monitoring Survey estimated that 
59.9% of swine sites used commercial livestock transporters and allowed these animal haulers to access 
their swine farms (USDA:NAHMS, 2016).   In either case, it is possible that the vehicles being used may 
be dedicated to the purpose of hog transport or may be utilized for the transport of various species. 
Transport time from the premises of origin to lairage or slaughter can vary widely, from 0.1 to 79.5 miles 
on average (USDA:NAHMS, 2016). For example, transport distances to plants in the Midwest may have 
a low average transport time of 2 hours due to their proximity to regions of high production numbers 
while plants on the west coast may require transport as long as 20 hours (M. Schultz, personal 
communication, 2013). However, the ‘28 Hour Law’ stipulates that transport segments must be limited to 
a maximum of 28 hours before the animals must be off loaded and offered rest, food, and water 
[49USC80502]. 

At the slaughter facility, hogs are off-loaded from the transport vehicle into pens and ante-mortem 
inspections are completed by FSIS inspectors who observe the animals at rest and in motion to look for 
any infectious disease or health conditions that may prohibit their entry into the food supply (USDA FSIS 
Factsheet - Slaughter Inspection 101). Any animals that are identified as suspect must be inspected by an 
FSIS veterinarian unless the establishment chooses to humanely euthanize the animal of concern (USDA 
FSIS Factsheet - Slaughter Inspection 101). As specified in 9CFR309.1, “all livestock….must be 
examined and inspected on the day of and before slaughter.” Between off-loading and slaughter, animals 
must have access to water in all holding pens and, if the holding period extends longer than 24 hours, they 
must also be given access to feed (9CFR313.2). While slaughter facilities may target a period for 4 to 6 
hours for rest and recovery following transport and off-loading it is safe to assume that there is a 
minimum period of 2 hours prior to slaughter or more in most scenarios (Matt Schultz - personal 
communication, 2013). Hogs may occasionally be kept in pens overnight or longer on weekends and this 
is determined by the needs of each facility and their ability to meet the requirements as set out in 
9CFR313.2. 

7.5. Slaughter and Processing 
Figure 1 represents the typical slaughter and processing of hogs. This flow diagram is more applicable to 
larger plants that are highly mechanized, and may process thousands of carcasses daily. Smaller plants 
follow many of the same steps, but with fewer employees, and less automated equipment. Appendix A 
describes the details of each step within the process. 
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Once the carcass has completed the chilling phase, it enters the processing phase where the chilled 
carcasses are processed into fresh and/or RTE pork products. Meat ingredients, non-meat ingredients (e.g. 
additives, spices), and packaging materials are used in the production of RTE pork products. This process 
may occur in facilities that are adjacent to the slaughter facility or at a separately located processing 
facility. Processing facilities may be owned by the same entity as the slaughter facility or may be under 
separate ownership. When processing facilities procure meat ingredients from outside suppliers, these 
products must bear official marks indicating that they have passed USDA inspection (9CFR316.9). 
Outside suppliers of non-meat ingredients must provide product quality documentation. 

Meat ingredients may be derived from any component of the chilled carcass that is considered edible. 
Whereas, primal cuts are often used for high value RTE and fresh pork products (e.g., cooked ham, cured 
loin, pork chops, ribs), both primal and non-primal meat as well as trimmed fat, and edible organs can 
provide the meat ingredients necessary for the production of final products. If necessary, meat ingredients 
are stored in coolers or freezers at temperatures of 38 °F to 45 °F (3 °C-7 °C) and less than -10 °F (-23 
°C) respectively. When comminuted products require a mixture of ingredients, a formulation (i.e., recipe) 
is used to create consistent product batches. Meat and non-meat ingredients are weighed to ensure the 
proper amount of each is added to the batch. The mixture of meat and non-meat ingredients is completed 
prior to the treatment process (cooking, fermenting, curing, etc.). All packaging materials entering an 
official establishment must be guaranteed and comply with the Federal Food, Drug, and Cosmetic Act 
(FFDCA) and all applicable food additive regulations (21CFR170-180). The processing facility must 
maintain a file containing records for all food contact packaging materials and the identity of all 
packaging materials must be traceable to the applicable suppliers (9CFR317.24). Non-meat ingredients 
and packaging materials are received and stored separately from meat ingredients prior to use. Figure 1 
shows the complete RTE pork supply chain from the movement of hogs to slaughter, carcasses to 
processing, and RTE pork product to distribution. As well, the potential consumption of RTE pork 
products through the feeding of direct table food waste or licensed commercial food waste (Swine Health 
Protection Act, 1980). 
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Figure 1. Supply chain for RTE pork products illustrating inputs and outputs. Solid line flows  corresponds 

to movements addressed in this risk assessment. Dashed lines  not addressed in this risk assessment. 
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7.6. Generic HACCP Plan and RTE Pork Product Categories 
Many different types of pork products are produced within regulated establishments. For this risk 
assessment, the products were classified into categories following the Pathogen Reduction/Hazard 
Analysis and Critical Control Point (PR/HACCP) regulations (9CFR417.2 (b)). HACCP plans are 
developed by each abattoir’s company and are specific to an individual establishment’s processing 
procedures and products. Each establishment must determine their own critical control points and critical 
limits based on the hazard analysis of their slaughter (if applicable) and processing procedures. Each 
product has its own HACCP plan, which details the procedures that are followed to produce the product. 
The HACCP plan must be based on scientifically validated processes and address the requirements for 
pathogen reduction in the product. The generic models are not intended to present new or alternative 
methods of producing and processing meat products. FSIS has generic examples of HACCP plans for 
each food category that function as a framework on which the actual HACCP plan details are built. 

The categories of RTE products are outlined below with examples of representative products within each 
category (USDA, 1999):  

• Thermally processed – commercially sterile (canned products such as Vienna sausage, canned 
hams, meals ready to eat, canned lard, low acid canned foods) 

• Heat treated – shelf stable (popped pork skins, snack sticks or jerky, summer sausage, and pickled 
sausages)  

• Not heat treated – shelf stable (dry cured pork, prosciutto, pickled pig’s feet and ears, country 
hams, pepperoni, dry salami, summer sausage) 

• Fully cooked – not shelf stable (hotdogs, wieners, pastrami, fully cooked hams) 

• High-pressure pasteurized RTE meat products (heat treated and then pressurized) will be out of 
the scope of this risk assessment 
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8. HAZARD IDENTIFICATION 

8.1. Background 
FMD is a highly contagious viral disease affecting primarily cloven-hoofed animals. The disease is 
characterized by the development of vesicles in and around the mouth and on the feet. Although natural 
FMD infection rarely causes the death of mature animals, the disease results in decreases in livestock 
productivity and causes serious economic impact on international trade of animals and animal products 
(OIE, Technical cards: FMD).  

FMD was last reported in the United States in 1929 and in North America in 1952 (Canada) and 1954 
(Mexico). As of May 2012, of the OIE’s 178 Member Countries, 102 do not have FMD-free status, 66 are 
recognized as officially free (65 without vaccination and one with vaccination), and 10 have officially 
free zones (6 without vaccination and 4 having zones with or without vaccination). Out of the 102 
countries without FMD-free status, 6 had an official status that is currently suspended (current FMD 
status can be found at www.oie.int) There is substantial concern about incursions of this disease into the 
United States because of the unexpected occurrence of FMD outbreaks in previously FMD-free countries 
including Taiwan (1997, 2000); Japan ( 2000, 2010); South Korea (2000, 2002, 2010); North Korea 
(2007); South Africa (2000, 2006, 2007); Argentina (2001, 2006); Russia (2006, 2007); and United 
Kingdom (2001). The potential risks and impacts that FMD may pose were demonstrated by the severe 
economic and livestock losses experienced in the United Kingdom in 2001. The historical consequences 
of these FMD outbreaks has reinforced the need for FMD awareness and evaluation of the possible 
pathways by which FMDv can spread and infect livestock and contaminate food sources, and how these 
can serve as a further route for spread of the virus (USDA APHIS, 2008). 

8.2. Virus Characteristics 
The FMDv is a member of the Aphthovirus genus within the Picornaviridae family (Belsham, 1993). The 
virus is non-enveloped, about 25 nm in diameter, and has icosahedral symmetry. It contains a molecule of 
single-stranded RNA and 60 copies of each of the four structural polypeptides (VP1, VP2, VP3, and 
VP4). VP1 contains antigenic determinants important in stimulating neutralizing antibodies in infected 
hosts.  

There are seven serotypes: A, O, C, SAT 1, SAT 2, SAT 3 and Asia 1. Each serotype can be divided 
further into subtypes. Serotypes A, O, C, SAT1, SAT2, SAT3, and Asia1 contain 32, 11, 5, 3, 6, 3, and 4 
subtypes, respectively. All serotypes produce disease, which is clinically indistinguishable but 
immunologically distinct. There is no cross-immunity conferred between serotypes. Serotype O is the 
most prevalent and occurs in many parts of the world. Within each serotype is a spectrum of antigenic 
variation resulting in strains having close or distant relationships to each other. Serotype A has the 
greatest antigenic variation (Kitching et al., 1989; Kitching, 1998).  

8.3. Host Range of FMD 
Cloven-hoofed animals (ungulates) are the natural domestic and wild hosts of FMDv. They are 
susceptible to all seven serotypes and many of the subtypes of FMDv. The severity of illness may differ 

http://www.oie.int/en/animal-health-in-the-world/official-disease-status/fmd/
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depending on the specific serotype and the species that is affected. Susceptible species include cattle, 
pigs, sheep, goats, water buffalo, impala, bison, African buffalo, antelope, reindeer, moose, elk, 
hedgehogs, porcupines, giraffes, elephants, and Bactrian camels. Horses are resistant to FMD infection. 
New World camelids (llamas, alpacas, vicunas, and guanacos) have low susceptibility to FMD infection. 
FMDv may also be transmitted to mice, rats, guinea pigs, rabbits, hamsters, embryonating chicken eggs, 
chickens, and various wild species, including European hedgehogs, chinchillas, muskrats, armadillos, and 
peccaries. However, these latter species are not generally capable of spreading FMD (Alexandersen and 
Mowat, 2005).  

Humans can become infected with FMD through (1) handling of diseased livestock with virus entry 
through skin wounds and mucous membranes, (2) exposure through laboratory situations, or (3) by 
drinking infected milk. The virus is not readily transmissible to humans and thus should not be considered 
a zoonotic disease (OIE, 2008; USAHA, 2008). Cases of human disease are rare and have resulted in 
temporary and mild signs of disease (fever; vesicles on the hands, feet, or in the mouth) (Alexandersen 
and Mowat, 2005). In contrast, hand, foot, and mouth disease (HFMD) in humans is an unrelated viral 
disease that primarily affects infants and children. The human disease is often confused with FMD of 
livestock; however, the two diseases are not related and are caused by different viruses.  

8.4. Transmission 
FMDv is highly contagious and can be transmitted by a variety of mechanisms. When infected and 
susceptible animals are in close proximity, the airborne transfer of droplets is the most common mode of 
transmission. Other common mechanisms by which FMDv is spread are summarized below (Honhold, 
2011):  

• Direct contact with infected animals and movement of animals between premises.  

• Contact with secretions from shedding animals─ exposure to secretions or mechanical transfer 
between groups by fomites (hands, footwear, clothing, vehicles, and equipment) and subsequent 
virus entry through cuts or abrasions in the skin or mucosa. 

• Ingestion of FMDv contaminated animal products (meat) by pigs through swill feeding.  

• Spread by wind (an uncommon event that requires the simultaneous occurrence of particular 
epidemiological and climatic conditions). 

8.5. Incubation Period 
The incubation period for FMD is known to be variable and dependent on the strain and dose of the virus, 
the route of transmission, the husbandry situation, and the species (Alexandersen et al., 2003a). It is well 
known that FMD infected animals can shed virus during the incubation period, before the first detectable 
clinical signs are noted (Orsel et al., 2009). The peak of viremia can occur just before the animal breaks 
with clinical signs.  

For control purposes, the OIE uses 14 days as the incubation period of FMD for an infected farm (OIE, 
2008). Alexandersen et al., (2003b) summarized the variability observed in the incubation period of the 
disease, which is presented below:  
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• There is a strong inverse relationship between the dose of virus and the length of the incubation 
period, i.e., the higher the dose, the shorter the incubation period.  

• The incubation period for farm-to-farm airborne and indirect contact spread ranges from 4 to 14 
days.  

• The incubation period for farm-to-farm spread resulting from direct contact may range from 2 to 
14 days.  

• For within-farm spread the period is generally 2–14 days but may be as short as 24 h, especially 
in pigs and under very high challenge conditions (e.g., high dose exposure).  

• When spread is occurring within a herd, the typical incubation period is 2–6 days.  

• The latent period (animal exposed, infected, and shedding the virus) is 1-2 days (Eble et al., 
2006).  

8.6. Clinical Signs 
Primary replication of FMDv takes place in the nasal and pharyngeal mucosa. Spread from these primary 
sites occurs to lymph nodes and the bloodstream and resultant viremia distributes the virus to all organs and 
tissues. Viremia can commence a few hours after infection, and usually within 36 hours post- infection. 
Further replication of virus occurs in permissive cells and particularly at sites where characteristic lesions of 
FMD develop (Thomson et al., 2003). The appearance of vesicles usually coincides with the peak of 
viremia and the highest concentration of virus is in tissues where the vesicles develop.  

FMD in pigs is clinically indistinguishable from other viral vesicular diseases of swine (swine vesicular 
disease, vesicular stomatitis, vesicular exanthema, and senecavirus A) (Alexandersen et al., 2001; 
Alexandersen et al., 2012). It is usually severe and characterized by lameness, reduced feed intake, 
lowered production, and the development of vesicles in and around the mouth and feet. Affected pigs 
become lethargic and remain huddled together and develop vesicles on the coronary band and heel of the 
feet, snout, lower jaw, and tongue (Kitching, 2002). Body temperatures in pigs usually range from 39 °C 
to 40 °C, but can reach 42 °C. The morbidity rate varies by the species affected, virus serotype and/or 
strain, and other factors. In regions where FMD is not endemic, the morbidity rate can be as high as 100 
percent. The mortality rate is generally very low in adult animals, but may be high in young animals due 
to acute myocarditis (Alexandersen et al., 2003b). 

8.7. Concentration of Virus in Tissues, Secretions, and Excretions 
FMDv is present in multiple tissues, secretions, and excretions of infected animals during pre-clinical, 
clinical, and post-clinical stages. Urine and feces contain virus in a lower concentration than rest of 
tissues (Table 6). Fresh feces collected from the floor have been found to contain small concentrations of 
the virus up to 10 days post infection in pigs (Parker, 1971). The amount of aerosolized virus from 
infected animals can vary considerably. In contrast to other animals affected by FMD, infected pigs have 
been reported to produce the largest amounts of aerosolized virus ranging from 5.3 to 6.5 log10 TCID50 
within 24 hours (Alexandersen and Donaldson, 2002). Survival time of FMDv post-mortem depends on 
the stage of disease at the time of slaughter, the organs containing it, and the strain of virus. 
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Concentrations of FMDv in different pork tissues after slaughter are discussed in more detail in the Entry 
Assessment section.  

8.8. Resistance to Chemical and Physical Agents 
Physical agents such as heat, extremes of pH, and desiccation can inactivate FMDv. Virus infectivity can 
be maintained for days to months under moist, low temperature conditions. The virus is most stable at a 
narrow range of pH (7.4-7.6), but is rapidly inactivated below a pH of 4 and above a pH of 11. At 
temperatures of 4 °C or below the virus is able to maintain its infectivity within the pH range of 6.7-9.5, 
but this range becomes narrower as the temperature increases. Table 2 and Table 3 present the effect of 
temperature and pH on time for one log reduction of virus in suspension (Bachrach et al., 1957a; 
Bachrach et al., 1957b). There is a difference between the temperature resistance of viral agents in culture 
media and that of pork meat and organs (Farez and Morley, 1997). It is important to note that inactivation 
of FMDv in meats requires a higher temperature and a longer inactivation time, which is discussed later in 
the Entry Assessment section.  

Table 2. Effect of temperature on time to achieve 90 percent FMDv inactivation in suspension. 

Temperature (°F) Temperature (°C) Inactivation time (90%) 
142 61 30 seconds 
131 55 2 minutes 
120 49 1 hour 
109 43 7 hours 
99 37 21 hours 
68 20 11 days 
39 4 18 weeks 

Table 3. Effect of pH on time to achieve 90% FMDv inactivation in suspension 

Effect of pH (4 °C) 
pH Inactivation time (90%)  
10 14 hours 
9 1 week 
8 3 weeks 

7–7.5 > 5 weeks 
6.5 14 hours 
6 1 minute 
5 1 second 

8.9. Environmental Persistence  
FMDv retains infectivity for considerable periods in the environment provided it is protected from 
desiccation, heat, and adverse pH conditions. For example, the virus may survive for 14 days in dry fecal 
material; 180 days in slurry in winter; 39 days in urine; 28 days on the surface of soil in autumn; and 3 days 
on the surface of soil in summer. Such observations have generally been made in countries with a temperate 
climate; these survival times can be expected to be much the same in hotter climates (Geering and Lubroth, 
2002). FMDv is sensitive to desiccation. Relative humidity and temperature are the primary factors that 
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affect survival of the virus in the environment. The virus survives best when the relative humidity exceeds 70 
percent, and has poor survival when the relative humidity is below 50-60 percent (Sellers, 1971). Sunlight 
and ultraviolet radiation have little effect on virus persistence (Donaldson and Ferris, 1975). 
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9. ENTRY ASSESSMENT 
The entry assessment comprises the risk associated with the movement of FMD infected but undetected 
pigs to a slaughter facility, the processing of these animals into RTE products, and movement of RTE 
products during an FMD outbreak. Each of these events was characterized by pathways and for each of 
the pathways, the likelihood of occurrence was evaluated based on available scientific information, 
logical assumptions and input from experts. The pathways and their associated likelihood/probability 
were considered in the entry assessment that would result in the release of FMDv through RTE pork 
products were the following: 

1. Likelihood that ante-mortem inspection at a slaughterhouse would fail to detect 
FMD infected pigs at the time of inspection 

• In this pathway, a disease spread model was used to estimate the number of pre-clinically infected 
animals that could potentially enter the slaughter facility from an infected premises before the 
disease was detected. 

2. Likelihood that FMDv would remain in the carcass after completion of slaughter 
process.  

• Data on viral titers observed in different pork tissues were evaluated from published research. 

3. Likelihood that FMDv would remain in the carcass after the chilling process.  

• Data on the survival of the virus in different pork tissues under refrigeration conditions were 
evaluated from published research. 

4. Likelihood that FMDv would remain in RTE pork products after thermal processing.  

• Data on the survival of the virus in different pork tissues and products under different cooking 
conditions were evaluated from published research. 

5. Likelihood RTE pork products would be recontaminated with FMDv after the 
thermal processing.  

• Current USDA regulations and possible scenarios for recontamination of processed products with 
FMDv were examined. 

6. Likelihood that FMDv would remain in RTE pork products after dry curing process.  

• Data on the survival of the virus in different dry cured pork products were evaluated from 
published research. 

Considering the pathways above, in order for the virus to be released through RTE pork products from 
swine originating in a FMD-affected area, all of the following events must occur:   

• A slaughter establishment sourcing pigs from a farm before the establishment of the control area 
would receive FMD infected but undetected pigs, i.e., undetected at the premises or in transit.  
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• The infected pigs would not be detected during ante- and post-mortem inspections. 

• FMDv would remain in carcasses after completion of the slaughtering and chilling process.  

• FMDv would be in the finished RTE products after completion of the production process whether 
through survival of the process (heat or curing) or introduction to it after thermal processing.  

• The amount of FMDv remaining in the finished RTE products would be present at levels that 
were potentially infectious if fed to susceptible animal species.  

9.1. Likelihood that Infected but Undetected Pigs arrive at a Slaughter 
Facility  

Summary: The results of the disease spread model indicated that disease will spread rapidly within swine 
herds of all sizes as approximately 20 percent of the pigs will be infectious on the day of detection, 
regardless of the herd size. The estimated percent of infected pigs not yet showing clinical signs is 13% 
and the estimated mean number of infected, undetected pigs on the day of detection was 65 pigs (40-90, 
95% C.I.) for a herd size of 500.  The mean number of infected, undetected pigs on the day of detection 
was 1,200 pigs (900-1,600, 95% C.I.) for a herd size of 3,000 (Table 5). Thus, the number of infected, 
undetected pigs on the day of detection varies by herd size.  Additionally, the mean number of clinically 
infected pigs on the day of detection also varies. Models indicated that 30 pigs would be clinically 
infected on the day of detection (25-40, 95% C.I.) in a herd of 500 head.  The mean number of clinically 
infected pigs on the day of detection increases to 600 pigs (500-700, 95% C.I.) for herds of 10,000 head. 
Based on the model results, it is highly likely that infected, undetected pigs would be selected and shipped 
to a slaughter facility prior to the detection of any clinically infected pigs. It is highly likely that ante-
mortem inspection would fail to detect infected, undetected pigs due to a lack of clinical signs. Post-
mortem inspection would greatly enhance the ability to detect infected animals with abnormal tissues. 
However, it is highly likely that ante-mortem inspection would fail to detect infected, undetected pigs due 
to a lack of clinical signs.  

Likelihood estimation: The likelihood that infected but undetected pigs arrive at a slaughter 
facility is high. 

9.1.1. Disease Spread Model 
A stochastic within-herd disease spread model was used to estimate the number of pigs in each disease 
state at the time of disease detection. Three swine group sizes of 500, 2,000, 5,000 and 10,000 head were 
evaluated. The selection was based on U.S. swine industry statistics to represent typical group sizes 
(USDA NAHMS, 2007 and 2009). The parameters used in the model for the simulation of disease spread 
within a herd are presented in Table 4. Estimates of animal level disease stage duration (latent, pre-
clinical, clinical) were obtained from a recent study completed by Kinsley et al., (2016).  

The surveillance component used in the model was based on a percentage of the group showing clinical 
signs before the disease is detected. Surveillance was set at one time per day using a conservative 
approach. The absolute percentage was set at 10 percent of the group showing clinical signs (i.e., 10 
animals) for small groups (i.e., 100 head) and 5 percent (i.e., 75 and 150 head respectively) in larger 
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groups (i.e., 1,500 and 3,000 head). These values were based on the opinion of subject matter experts 
regarding the average percentage of naturally occurring lameness on swine farms and the National 
Animal Health Monitoring System (NAHMS) 2006 survey. The NAHMS survey reported the percentage 
of grower/finisher pig deaths from lameness over a six month period (5.4 percent for all group sizes), the 
percentage of sites where an unusually high number of weaned pigs were unwilling to eat or stand up over 
a 12 month period (7.3 percent for all group sizes), and the percentage of sites where lame pigs had 
reddened areas above the hooves (2.4 percent for all group sizes) in the same time period (USDA 
NAHMS 2006). Naturally occurring lameness is hard to predict because lameness rates will be different 
from one producer to another depending on the farm characteristics. This type of lameness could mask the 
clinical signs of a FMD outbreak but has been reported to be less than 5 percent for cases of mild 
lameness and less than 0.5 percent for severe lameness (Dr. Peter Davies, personal communication, 
November 2012). 

Table 4. Input parameters used in the FMD within-herd spread model in a swine finisher premises. 

Variable a Input Distribution (ParameterValues) Reference 

Latent Period (days) Normal (μ=2.31, σ=1.40) Kinsley et al., 
2016 

Pre-clinical Period (days) Normal (μ=1.485, σ=1.099)  Kinsely et al., 
2016 

Clinical Period (days) Poisson (μ=5.195, σ=1.944)-Pre-clinical Period Kinsley et al., 
2016 

Group Size (head) 500, 2,000, 5,000 and 10,000   

Adequate Contact Rate 
(contacts/day) 

betaPERT(3.17, 6.84, 14)a  Eble 2006, Dekker 
2007 

Detection Threshold  5% of group  

a: Distributions refer to swine groups of more than 200 head. 

The assumptions applied to the model included the following:  

• The spread model does not include the aerosol route of infection or cross-contamination within 
groups (personnel and equipment) only direct contact between animals. 

• Infected pigs received at a slaughter facility are obtained from infected but undetected premises 
previous to the establishment of a control area.  

• The on-farm surveillance is based on daily visual observation for clinically suspicious pigs. 
Clinically suspicious pigs include animals with signs from any disease that is similar to FMD.  

• Inputs for the analysis are based on published literature and the best current knowledge of the 
disease biology. 

Table 5 presents the results for each herd size for the mean number of days to detect disease and the mean 
number of pigs in each disease state over time. The results of the disease spread model are presented 
graphically for a herd of 3,000 head (Figure 2). The time to detect the disease, based on clinical 
observation, was estimated to be between 6 and 8 days. Prior to 6 days post-infection, there is substantial 
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increase in latent and pre-clinically infectious animals on a day-by-day basis that occurs well before the 
first cases of clinical animals are observed (Figure 2). On average, more than half of the animals (>50 
percent) are expected to become infected (latent and pre-clinical) before there is a noticeable increase in 
the number of clinically affected pigs. The high percentage of animals likely includes market pigs ready 
to go to slaughter resulting in a “high” likelihood estimation. 

Table 5: Mean time to detection* for farms with total pig herd sizes of 500, 2000, 5,000 and 10,000 in a 
stochastic disease model**, and the percentage of animals in each phase at the time of detection. 

Herd 
size 

Time to detection 

in days* 

Percent of the 
pigs in the 
herd in the 

latent stage at 
the time of 
detection 

Percent of 
pigs in the 
herd in the 
pre-clinical 
stage at the 

time of 
detection 

Percent of pigs 
in the herd in 

the clinical 
stage at the 

time of 
detection 

Percent of pigs 
in the herd in 
the recovered 
stage at the 

time of 
detection 

500 5.6 days (4.3 – 9.5)*** 40%(27 – 51)*** 13%(8 – 18) 6%(5 – 8) 2%(0 – 3) 

2,000 6.5 days (5 – 10.3) 38%(27 – 50) 12%(9 – 16) 6%5 – 7) 2%(1 – 2) 

5,000 7.2 days (5.5 – 11.3) 39%(27 – 49) 13%(9 – 16) 6%(5 – 7) 2%(1 – 2) 

10,000 7.6  days (6.0 – 11.8) 40%(27 – 50) 12%(9 – 16) 6%(5 – 7) 2%(1 – 2) 

*: Detection as determined by observing 5% of the pigs in the herd with clinical signs of disease.  

**: Based on 1000 iterations. 

 ***: numbers in parentheses are the 5th and 95th percentiles 

 

 
Figure 2: Proportion of pigs in various stages of the disease by days post-infection in a herd of 3,000 head.  
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9.2. Likelihood that Ante-mortem Inspection at a Slaughterhouse would Fail 
to Detect FMD Infected Pigs at the Time of Inspection 

The risk of contaminating fresh meat with virus from slaughtered pigs is highly correlated with the 
infection status of the animal at the time of slaughter. Pigs infected with the virus on the premises of 
origin could be viremic, but may not develop detectable clinical signs by the time they reach the slaughter 
facility. These pigs would not be detected during the ante-mortem inspection and could serve as a source 
of infectious virus for other susceptible pigs during transport or lairage. Susceptible pigs that are exposed 
to viremic pigs during transport or lairage would not become clinically infectious or viremic, as the transit 
period and waiting time at the slaughter facility (i.e., lairage) would typically be much shorter than the 
latent period of the virus, (generally greater than 24 hours). Pigs that are viremic without displaying 
clinical signs will be undetected at the ante-mortem inspection and would represent the risk group in 
which the FMDv will enter the processing chain.  

The previous section on pork industry practices presented information on the inspection of pigs at a 
slaughter facility. Pigs are usually processed within 24 hours after arriving at the slaughter facility (after 
consultation with industry experts). The pigs that are determined to be free of diseases and conditions 
described in the FSIS regulations are deemed fit for human consumption. The pigs that exhibit abnormal 
signs are segregated from the rest of the shipments for closer examination by a veterinarian. It is 
reasonable to assume that if there are clinically infected pigs in a load from infected premises, some 
would be detected on ante-mortem examination because they would exhibit clinical signs.  

Distance and time of transporting pigs from a premise to a slaughter facility is restricted and usually lasts 
from 6-12 hours so that most infected pigs would remain in the same infectious stage as on the premises. 
It is assumed that during an outbreak, all pigs in the same shipment could be withheld from slaughter, if at 
least one suspect pig is detected. The decision to hold the entire shipment, or only the individual suspect 
animal would be determined by the Incident Commander (has overall responsibility for the management 
of the entire animal health emergency). Based on the results of the modeling section, there is a high 
probability of shipping infected but undetected pigs. It is expected that pigs that are infected, but not 
detected during farm surveillance, will not break with clinical signs nor experience a change in disease 
signs upon arrival at the slaughter facility.  

Likelihood estimation: The likelihood that infected but undetected pigs will pass the ante-
mortem inspection and enter the slaughter facility is high. 

9.3. Likelihood that FMDv would Remain in the Carcass after Completion of 
Slaughter Process 

Summary: This section evaluates the likelihood that FMDv would remain in the carcass of an infected 
but undetected pig after the completion of the slaughter processes. Infected pigs without clinical signs are 
likely to have high titers of FMDv disseminated throughout their tissues. The concentration of FMDv 
observed in fresh tissues of pig skeletal muscle, fat, blood, lymph nodes, and bone marrow in literature 
studies were among 1 PFU/g to 109.6 ID50/g.  
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Likelihood estimation: The likelihood that FMDv would remain in carcass tissues from infected, 
undetected pigs after slaughtering process was moderate to high. 

9.3.1. Viral Titers in Tissues and Target Organs after Slaughter 
Assuming that infected, undetected pigs were to enter a slaughter facility, it is important to understand the 
target organs and virus concentration within these organs that may remain after slaughter. It is also 
important to have a clear understanding about the degree to which these organs and tissues may constitute 
respective products. Pork products are comprised principally of skeletal muscle, bone, and fat. Bone 
marrow, blood within the capillaries of skeletal muscles, and lymph nodes comprise a very small fraction 
of the swine carcass. Lymph node and bone marrow tissues are not typically present in many pork 
products as a result of trimming and deboning practices (Farez and Morley, 1997).  

However, in the preparation of ground pork products, lymph node, bone marrow, and clotted blood may 
be mixed with the muscle tissue during the grinding process (McKercher et al., 1978). During harvest and 
further processing, FMDv from infected carcasses can disseminate and contaminate FMDv-free meat by 
blood splash or mixing meat from different carcasses (Pointon et al., 2000). Approximately 50 percent of 
carcass blood is collected or discarded during slaughter, while the other 50 percent remains trapped within 
the capillary network of the animal. The likelihood that FMDv would survive in the pig carcass tissues 
after slaughtering (prior to the chilling storage) was qualitatively assessed using published studies (Table 
6). 

Table 5. Titers of FMDv present in select tissues, excretions, and secretions of artificially inoculated pigs 
after slaughter. 

Source of tissue, 
secretion, or 

excretion Initial virus inoculation 
Virus concentration at 

slaughtering Reference 
Skin 107 TCID50 (0.5 mL 

inoculum) 
109 TCID50/g Alexandersen et al., 

2001 Pharynx 105-106 TCID50/g 
Blood 107.5 TCID50/mL 102.5-103.75 DCP50/mL Savi et al., 1962 
Blood clot 

106 TCID50 (0.5 mL 
inoculum) 

104.8 TCID50/g 
{Chou & Yang, 2004 
#1100} Lymph node 103.8 TCID50/g 

Muscle ND 
Foot epithelium 

NP 

109.6 ID50/g 

{Sellers 1971, 
#1360}(review) 

Blood 107.2 ID50/mL 
Bone marrow 106.1 ID50/g 
Liver 105.6 ID50/g 
Feces 102.9 ID50/g 

Lymph node 

108.9 TCID50/mL 

104.1 PFU/g (black pigs) 102.7 

PFU/g (white pigs) 

{Mebus, House, et al., 
1993 #1300} 

Blood  104.3 PFU/mL (black pigs) 102.8 

PFU/mL (white pigs) 

Bone marrow  102.7 PFU/g (black pigs) 10 
PFU/g (white pigs) 
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Source of tissue, 
secretion, or 

excretion Initial virus inoculation 
Virus concentration at 

slaughtering Reference 

Fat  ~6.31 PFU/g (black pigs) 1.58 
PFU/g (white pigs) 

Muscle  ND* 
Blood 

108.9 TCID50/mL 

103.6 PFU/mL 

Mebus et al., 1997 
Lymph node 103.4 PFU/mL 
Bone marrow 101.9 PFU/mL 
Fat ~3.16 PFU/mL 
Muscle ~1.1 PFU/mL 
Muscle 

107.5 PFU/mL 
>105PFU/mL {Panina, Civardi, et al., 

1989 #600} Fat >105PFU/mL 
Muscle psoas 

NP 

101.4-102.6** 

Dhenin et al., 1980 

Shoulder muscle 100.3-104.0 
Tenderloin muscle 101.0-101.4 
Lymph node 102.5-104.0 
Fat 101.0-102.6 
Tonsils 102.0-104.0 
NP: None reported 
ND: None detected  
*The average titer of the sampled pigs was slightly greater than 0 PFU/g, with two samples with titers 10 PFU/g 
**: Units not reported 
TCID50 (Median Tissue culture infectious dose) = The amount or quantity of a pathogenic agent (e.g., FMDv) required to produce 
a damaging effect to 50% of cells in the tissue inoculated. 

PFU (Plaque forming units) = Provides an estimation of the number of infectious viral particles present by the measuring the 
number of clear areas (areas of cell lysis) that are formed for a given culture plate area. One pfu equals about 1.4 TCID50 for 
FMDv based on the equation by Horzinek (1985). 

 

Detectable viral titers in different pig tissues ranged from10 0.9 to 109.6 TCID50/g. It is worth noting the 
majority of reports were based on the ‘worst-case scenario’ where pigs were inoculated with high virus 
titers and slaughtered with visible clinical signs, which in a real situation would be rejected after ante-
mortem inspection (Mebus et al., 1997). The studies suggest that the greater quantities of virus were 
detected in pig blood, bone marrow, or lymph nodes (Sellers, 1971; Donaldson and Ferris, 1980). The 
lowest quantities of virus were found in fat and muscle (Mebus et al., 1993, Chou and Yang, 2004). 
However, Panina et al., (1989) found high quantities of virus in both muscle and fat. This discrepancy 
may be due to a variable interval between slaughter and the collection of samples. A greater interval 
length, results in a lower tissue pH and a decreased virus survival (conversely the shorter the interval, the 
greater the virus recovered).  

If a RTE pork product were to consist entirely of pork muscle, it would be less likely that FMDv would 
be present in such a product after the slaughter process. However, small quantities of other tissues (i.e., 
lymph node, bone marrow, and blood) are likely to be included in some RTE pork products. Given the 
higher viral titers of these tissues, it is moderately to highly likely that FMDv would be present in the 
tissues used in RTE pork products after the slaughter process.  
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9.4. Likelihood that FMDv would Remain in the Carcass after the Chilling 
Process 

Summary: This section evaluates the likelihood that FMDv would remain in the carcass of an infected 
but undetected pig after completion of the chilling process. Depending on the temperature, pH and type of 
pork tissue, the length of time FMDv can survive will vary. This is related to the postmortem pH 
reduction rate that is delayed at refrigeration temperatures. When held at refrigeration temperatures (4-7 
°C), FMDv was able to survive up to 72 hours in pork muscle and up to 8 days in other tissues (bone 
marrow, lymph node, lungs, stomach, intestine, or tongue).  

Likelihood estimation: The likelihood that FMDv would survive in tissues of porcine origin after 
chilling for 72 hours at 2-7 °C ranges from negligible (in the case of muscle) to moderate to 
high (in the case of other tissues). For other refrigeration processes lasting less than 24 hours, 
the likelihood of FMDv survival will be high in any pork tissue. 

9.4.1. Survival Times in Relation to Refrigeration Temperature and pH of Pork 
Tissues  

The temperature and pH are the most important determinants of FMDv activity in meat products. 
According to the OIE, deboned beef meat is approved for export from FMD-infected countries, if prior to 
deboning, carcasses have been matured at a temperature range of 2-7 °C for at least 24 hours at pH held 
below 6.0 when tested in the middle of the longissimus dorsi muscles (Paton et al., 2011). The chilling 
process is considered a critical step for FMDv inactivation in meat carcass due to the pH drop as the 
product is chilled to approximately 4-7 °C for 6-12 hours. Blast-chilling process has been implemented to 
increase packing plant throughput, enhance food safety, and improve meat quality with an average 
chilling time of 45 min to 2 hours (Shackelford et al, 2012). Reducing the time to decrease the carcass 
temperature will reduce the overall refrigeration storage. 

The low pH environment denatures the viral surface protein and prevents the formation of the nucleic 
acids necessary for replication (Chou and Yang, 2004).The steps of the slaughter process, including 
maturation of the carcass during the chilling process, was presented in Figure 1 and is detailed in 
Appendix A.  

With regard to temperature, the likelihood that FMDv would survive in tissues after the chilling process 
was qualitatively assessed using published studies. Table 7 presents some of the survival times of FMDv 
in chilled pork products and tissues.  

Table 6. FMDv survival times in artificially inoculated pig tissues under refrigeration temperatures (4-7 °C). 

Tissue Initial inoculation Survival period References 
Muscle 

107.5 TCID50/mL 24-28 h 

Savi and Baldell 1962 

Liver 
Kidney 
Spleen 
Blood 

107.5 TCID50/mL 10 d Brain 
Lung 
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Tissue Initial inoculation Survival period References 
Bone marrow 
Stomach 
Lymph node 
Intestine 
Tongue 
Bacon 

Muscle  
107.5 PFU/mL 

0-16.6% of samples positive after 
72 h 

McKercher et al., 1987 Fat 66% of samples positive after 72 h  
Bone marrow 50% of samples positive after 72 h  
Fat 

107.5 PFU/mL 72 h Panina et al., 1989 
Muscle 
Muscle 

106 TCID50 (0.5 mL 
inoculum) 

72 h 

Chou and Yang, 2004 Muscle artificially 
contaminated with 
virus 

97% inactivation after 72 h 

TCID50 (Median Tissue culture infectious dose) = The amount or quantity of a pathogenic agent (e.g., FMDv) required to produce a 
damaging effect to 50% of cells in the tissue inoculated. 

PFU (Plaque forming units) = Provides an estimation of the number of infectious viral particles present by the measuring the number of 
clear areas (areas of cell lysis) that are formed for a given culture plate area. 

 

In chilled pig tissues, FMDv survived from 24-72 hours in muscle (Savi et al, 1962, Chou and Yang, 
2004, McKercher et al., 1987; Panina et al., 1989) and up to 10 days in other tissues (Savi et al, 1962). 
McKercher et al., (1987) found virus survival in muscle, bone marrow, and fat tissues from one, three, 
and four pig carcasses, respectively, for a total of 6 infected pigs after 72 hours of chilling storage. 
Regarding virus survival in fat tissue, studies show discrepancy in the survival time lasting from 72 hours 
to 10 days after the chilling process (Savi et al, 1962; McKercher et al., 1978; Panina et al., 1989).  

In terms of pH, the ultimate level of typical mammalian muscle (with a pH probe inserted into the 
Longissimus dorsi muscle) is generally attained after slaughter at an approximate pH of 5.5 (Farez and 
Morley, 1997). However, it is important to note that pork muscle has a lower glycogen content when 
compared to beef, which results in higher pH values (Cottral et al., 1960). Vada (1977) found pork muscle 
to fall from an initial pH of approximately 6.5 (1 hour postmortem) to a final pH of 5.7 after 24 hours of 
storage at 3-5 °C with no subsequent pH variation up to 48 hours. Chou and Yang (2004) showed the pH 
of pork muscle dropped from an average of approximately 6.5 to approximately 5.7 when chilled at 2-5 
°C for 72 hours and 5.9 when cured at 4 °C for 24 hours. However, other porcine organ and non-organ 
tissues, including kidneys, lungs, lymph nodes and bone marrow, would be unlikely to achieve the low 
pH values seen in muscle tissue (Lawrie, 1991). Viral infectivity may remain for over 4 months in lymph 
nodes, clotted blood, bone marrow, and viscera where the virus is protected from pH changes (Blackwell, 
1984). 

There are other points to consider from studies done with beef tissues. In certain instances, the pH of 
tissues may not fall below 6.2 when animals are stressed pre-slaughter, or in meat that is frozen soon after 
death (Cottral et al., 1960). Deboning of beef is considered a critical control point because of the risk of 
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the prolonged survival of FMDv in bone marrow. Virus survival in the meat itself is not affected by the 
presence of bone, but the presence of virus within the bone marrow is considered a significant risk factor 
(Paton et al., 2011). Some studies have shown viral detection for as long as 210 days in beef bone marrow 
stored at 1-4 °C (Cottral, 1969; Have, 2003). Additional critical control points include the removal of 
lymph nodes and blood. If the critical control points are addressed, the risk to an exposed animal of 
becoming infected through exposure to beef chilled for 72-hours at 4°C post-mortem is negligible. It is 
stated by Paton et al., (2011) that the FMDv will be totally inactivated at or below a pH of 6.0 in skeleton 
muscle after 48 hours at a temperature of 4 °C (Pharo, 2002). This finding appears consistent with the 
published data examined for pork. Therefore, the likelihood of FMDv surviving the chilling process 
(when refrigeration lasts from 24-72 hours) is dependent on the specific type of tissues present, and 
ranges from negligible (in case of the muscle) to moderate to high (in the case of other tissues). For 
other refrigeration processes lasting less than 24 hours, the likelihood of FMDv survival will be high in 
any pork tissue. 

9.5. Likelihood that FMDv would Remain in RTE Pork Products after 
Thermal Processing  

Summary: This section evaluates the likelihood that FMDv will survive the thermal processing of RTE 
pork products. The survival of FMDv will depend on the initial viral concentration in the tissue, 
combination of temperature and time for the thermal processing, and type of product. The virus is 
inactivated faster as temperatures increases to 60 °C and is almost instant at 70 °C.   

Likelihood estimation: The likelihood that FMDv would survive in pork muscle after thermal 
processing is negligible, if the internal temperature reached in the product is 70 °C or an 
equivalent combination of temperature and time are applied to the product.   

9.5.1. Thermal Inactivation Data on FMDv in Pork Tissues and Products 
A literature review was conducted to determine the thermal inactivation of FMDv in pork tissues and 
other pork products derived from viremic pigs. The thermal inactivation studies on pork products are 
scarce and the majority of studies have been performed in cattle and beef tissues. Details on such studies 
in beef products are provided in Appendix C.  

The survival of FMDv will depend on the initial virus concentration in the tissue, combination of 
temperature and time, and type of product. For pork tissues (Table 8) studies showed that at 70 °C the 
inactivation of FMDv varied between instantly after reaching 69 °C in pig lymph nodes, blood clots, and 
bone marrow (>3.0 log reduction or 99.9 percent inactivation). In different pork products (Table 9),  the 
D-values at 70°C ranged from 17-52 s (90 percent inactivation) (McKercher et al. 1980; Youeaimyut et 
al., 2008). These studies were aimed to validate a previous thermal inactivation study done in beef by 
Heidelbaugh and Graves (1968) and showed that commercial pasteurization of canned meats (cans were 
submitted to boiling water for 65 min and then cooled for 45 minutes until the internal temperature 
reached 69 °C) was able to inactivate FMDv completely (>4.5 log reductions). At higher temperatures, 
Youeaimyut et al., (2008) found that at 80 °C the inactivation kinetics occurred much faster and D-values 
were below 10 s. Savi et al., (1962) showed virus was inactivated in mortadella as soon as the product 
reached a temperature range of 62-75 °C after steaming for 4-6 hours. These results were confirmed by 
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Chou and Yang, (2004) and demonstrated that FMDv was completely inactivated in pork muscle after wet 
steaming procedure (75 °C for 30 min) with a lower inactivation reached in meat with lymph nodes (90 
percent) and blood clots (98 percent). The authors explained the results by suggesting that lymph nodes 
have a better sheltering effect on FMDv than blood clots.  

Table 7. Thermal inactivation studies of FMDv in pork tissues 

Tissue Initial Virus Titer Temperature-Time 
Inactivation 
percentage References 

Pig lymph nodes 
103.4 PFU/g 

69 °C (instant) ND McKercher et 
al, 1980 Pig blood clot 

Pig bone marrow NP 

Pig muscle 
106 TCID50 (0.5 mL 
inoculum) 

Wet steaming 75 °C 
(30 min) 

ND 
Chou and 
Yang. 2004 Pig lymph node 90% 

Pig blood clot 98% 

Mortadella 
Artificially 
contaminated 109 
TCID50 

Wet steaming 60-100 
°C (2-22 h) ND (62-75 °C for 4-6 h) Savi et al., 

1962 

NP: None reported 
ND: None detected 
TCID50 (Median Tissue culture infectious dose) = The amount or quantity of a pathogenic agent (e.g., FMDv) required to 
produce a damaging effect to 50% of cells in the tissue inoculated. 

PFU (Plaque forming units) = Provides an estimation of the number of infectious viral particles present by the measuring the 
number of clear areas (areas of cell lysis) that are formed for a given culture plate area. 

A recent study completed by Youeaimyut et al. (2008) estimated D-values of various cooked pork 
products inoculated with two FMDv strains. No statistical differences in strain type were found among 
strain A118 and Asia1. Small differences were found among the different pork products and type of 
cooking. D-values varied with temperature and ranged from 2.42 seconds at 80 °C to 107 minutes at 50 
°C (Table 9). 

Table 8. D values for the thermal inactivation of FMDv in different pork products. 

Products 
Internal 

temperature 
D-value(s)* 

Reference Strain A118 Strain Asia1 

Deep fried pork 

50 °C 65.3 min 34.9 min 

Youeaimyut et al., 
2008 

60 °C 2.1 min 2.38 min 
70 °C 0.87 min 0.47 min 
80 °C 0.04 min (2.42 s) 0.08 min (4.56 s) 

Roasted pork 

50 °C 107 min 37.1 min 
60 °C 3.03 min 1.13 min 
70 °C 0.96 min 0.35 min 
80 °C 0.14 min (8.68 s) 0.11 min (6.98 s) 

Tonkatsu (Japanese 
style deep fried pork) 

50 °C 47.8 min 74.8 min 
60 °C 3.1 min 1.4 min 
70 °C 0.63 min 0.28 min 
80 °C 0.10 min (5.80 s) 0.10 min (5.86 s) 

*D value: Time at certain temperature to inactivate 90% of initial virus concentration. Original values converted to minutes unless 
seconds are described. 
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Given current published studies of thermal inactivation of FMDv in pork products and tissues, the data 
suggest that the inactivation kinetics are much faster when the temperature reaches values higher than 60 
°C. At 70 °C the time needed to achieve 90 percent inactivation is less than one minute. Based on the 
available research data, the likelihood that FMDv will be present in thermally processed RTE pork 
products is negligible when internal temperature of the product reaches 70 °C or an equivalent 
time/temperature conditions that achieves the same inactivation end point.  

9.5.2. OIE Regulations on Importation of Meat from FMD Infected Countries 
The OIE Terrestrial Animal Health Code (2008) provides the sanitary measures for the safe importation 
of pork and pork products from FMD infected countries and zones (OIE, 2008). This includes the 
inactivation of FMD virus in meat products for international trade purposes (fresh meat cannot be traded). 
FMD virus can be inactivated by thermal processing, changes in pH, and desiccation. Table 10 presents 
the OIE recommendations for importation of product from regions where FMD exists. The OIE 
guidelines for thermal processing are 70 °C for 30 minutes, which accounts for the variability that may 
exist among the survival of FMDv in different meat products and strain characteristics. 

Table 9. OIE guidelines for the inactivation of FMD virus in meat products. 

• For treatment using thorough cooking, the meat (deboned and defatted) should be heat treated to an 
internal temperature of 70 °C or greater, which is maintained for a minimum of 30 minutes. 

• For canned products, the meat is subjected to heat treatment in a hermetically sealed container to 
reach an internal temperature of 70 °C or greater for a minimum of 30 minutes. 

• If drying is the primary means of inactivation, after rigor mortis is complete, the meat must be deboned, 
salted with cooking salt (NaCl) and completely dried, with the ratio of water to protein no greater than 
2.25:1. 

• For the inactivation of viruses present in casings of ruminants and pigs, salting is required for at least 30 
days either with dry salt (NaCl) or with saturated brine (aw < 0.80), or with phosphate salts/sodium 
chloride mixture. The products are kept at temperature greater than 12°C for the entire period. 

9.6. Likelihood that RTE Pork Products would be Recontaminated with 
FMDv after the Thermal Processing 

Summary: A qualitative examination of the scenarios of the post-processing contamination of RTE pork 
products with FMDv indicates that the most likely means of recontamination are via aerosolized virus and 
cross-contamination from workers and equipment from raw ingredient and live animal areas. The 
bioaerosol transfer of FMDv would be possible if the ventilation of the facility incorporated air movement 
from high-risk locations (i.e., raw ingredient and live animal areas) to prepackaged RTE pork product 
areas. The cross-contamination transfer would be possible if movements between raw ingredient and live 
animal areas are not regulated to prevent cross-contamination.  

Likelihood estimation: If the regulations outlined in 9CFR 416 are strictly followed, the likelihood 
that RTE pork products would be recontaminated with FMDv after thermal processing is low.  

9.6.1. Scenarios for Recontamination of RTE Pork Products with FMDv  
Thermal processing is the lethality procedure used to inactivate FMDv. However, after thermal treatment 
is completed, additional steps (e.g., addition of non-meat ingredients, cutting, slicing, and peeling) if not 
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done properly, may lead to reintroduction of the virus from environmental sources including airflow, 
employee handling, and equipment. Standard guidelines for maintaining a proper level of sanitation at 
meat processing facilities are outlined in 9CFR 416:  

• Establishment grounds and facilities 

• Equipment and utensils 

• Sanitary operations 

• Employee hygiene 

• Development, implementation and maintenance of sanitation SOP’s. 

If all of these measures have been consistently in place, the risk of recontamination of RTE pork products 
with FMDv through virus aerosolization and cross-contamination will be minimized; therefore, the 
likelihood that RTE pork products would be recontaminated with FMDv after the thermal processing is 
low. 

9.7. Likelihood that FMDv would Remain in RTE Pork Products after Dry 
Curing Process  

Summary: This section evaluates the likelihood that FMDv in pork products would survive the process 
of dry curing with salts or other chemical agents without being subjected to heat treatment.  

Likelihood estimation: The likelihood that FMDv would survive in pork products after dry curing 
process is negligible across the range of commercial times used to cure products. 

9.7.1. Curing Times for Different RTE Pork Products 
Table 11 shows the commercial curing times used to produce the RTE dry-cured pork products without 
heat treatment sold in the United States. 

Table 10. Typical curing times used to produce RTE dry-cured pork products 

Product Curing/maturation time (days) 
Iberian ham 365-730 
Iberian shoulder 240-420 
Iberian loin 90-130 
Serrano ham 180-365 
Pork sausage 40 
Prosciutto (Parma ham) 365 
Salami 242 
Capicola 24 

9.7.2. Survival of FMDv in RTE Dry-cured Pork Products 
Table 12 shows the virus survival times estimated by different authors in RTE dry-cured pork products 
without a heating process. It is worth noting that the data presented in this section has to be considered as 
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the ‘worst-case scenario’ since the animals showing clinical signs would not be processed for meat or dry-
cured products, and would likely be rejected during ante-mortem inspection (Mebus et al., 1997). 

Savi et al., (1962) showed FMDv was not detected in muscle from pork ham after 25 days of salt curing at 
0 °C but was inactivated after the first day of salting when the ham was stored at 2-4 °C. The virus was 
inactivated through the salt curing process (28 days) in fat tissue but was detected after 46 days in 1 ham. 
Virus was more resistant to the curing process in bone marrow and was detected after a minimum of 43 
days to a maximum of 89 days. In any case, the virus was detected after the maturation process, which 
starts on day 101 through 160 days. Regarding salami, pork sausage, and capicola, the virus was 
inactivated in muscle after the mincing and mixing of ingredients due to the pH lowering effect that 
naturally occurs and the enzymatic and microbiological processes that take place during processing. The 
virus was able to survive in a lymph node for 4 days in one salami sample but was not identified in the 
rest of the samples. All positive and negative results were confirmed by “in vivo” tests inoculating the 
samples into cattle and monitoring for the presence or absence of clinical signs for FMD (fever and 
vesicles). Similar results were obtained when pork muscle was artificially contaminated with the virus 
(109 TCID50) and used to prepare salami. The virus was inactivated after the first two days of maturation. 
The study demonstrates that the time needed for the production of RTE products was always longer than 
the virus survivability. 

Data shown in Table 12 demonstrate that FMDv is not detected in muscle after the start of the curing 
process. This is probably due to the accumulation of lactic acid. However, the virus survived longer in 
non-muscle tissue, such as lymph node and bone marrow. Survival times in cured products ranged from 7 
days (salami) to 168 days (Iberian ham), 170 days (Parma ham) and 182 days (Serrano ham). The shorter 
survival time in salami may be explained by the fact that only muscle and fat samples were taken and 
virus inactivation is greater in those tissues due to the lactic acid accumulation (Panina et al., 1989). 
However, Dhenin et al., (1980) found virus survived in salami samples up to 56 days, with longer survival 
in fat tissues than in muscle. No significant differences in FMDv survival were found relative to the 
weight of the pig used to produce the salami or the optional initial maturation process for 48 hours at 21 
°C.  

The data suggest that these curing processes are able to inactivate FMDv. Survival times of FMDv were 
always shorter than the curing time for producing the RTE cured products. Based on the available 
scientific information, the likelihood of FMDv surviving the commercial curing process is negligible.  

Table 11. FMDv survival times in dry-cured pork products. 

Products 
Initial 

concentration Survival time “in vitro” (days) 
Survival time “in 

vivo” (days) References 

Iberian ham 

108 TCID50/mL 

Muscle (0) Fat (0) Bone marrow 
(56) Lymph node (112) 168* 

Mebus et al., 
1993 and 
1997 

Iberian shoulder Muscle (0) Fat (0) Bone marrow 
(84) 112* 

Iberian loin Muscle (0) 42* 

Serrano ham Muscle (0) Fat (140) Bone marrow 
(84) Lymph node (168) 182* 
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Products 
Initial 

concentration Survival time “in vitro” (days) 
Survival time “in 

vivo” (days) References 

Salami 10 7.5 PFU/mL 7 days 7 days* 
{Panina, 
Civardi, et al. 
1989 #600} 

Sausage 

NP 

Muscle (1) 

Negative** 

Savi et al., 
1962 

Salami Muscle (1) Lymph node (4) 
Capicola Muscle (0) 

Ham Muscle (1-25) Fat (20-46) Bone 
marrow (43-89) 

Salami 
Artificially 
contaminated 109 
TCID50 

2 days (pH 5.0) NP 

Parma ham 10 7.5 PFU/mL 
Muscle (0)-US (30)-Italy Fat (30)-
US (108)-Italy Bone (108)-US (96)-
Italy 

108 (US)* 170 
(Italy)* 

McKercher et 
al., 1987 

Salami 100.8-1.7 

Lot I: 7 days (salami) Lot II: 22-29 
days (salami) Lot III: 23-25 days 
(salami) Lot IV: 2 days (lean), 21-
23 days (fat) Lot V: 22-28 days 
(lean and salami), 49-56 days (fat) 
Lot VI: 35-42 days (lean), 49-56 
days (salami and fat) 

Negative*** Dhenin et al., 
1980  

NP: None reported 
*: Time in days until a sample was negative (no FMD clinical signs) in the “in vivo” test. “In vivo” test consisted of a pooled sample 
injected intradermally into two 30 kg pigs. 

**: Negative “in vitro” tests were confirmed “in vivo” by inoculating the sample into a cattle and monitoring the absence of FMD clinical 
signs (fever and vesicles). 

***: A salami sample that had been maturated for 40 days was ingested by two piglets with an absence of temperature raise or clinical 
signs for FMD for three weeks. 
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10. EXPOSURE ASSESSMENT 
The exposure assessment is an evaluation of the potential exposure pathways by which susceptible 
animals could be exposed to infectious amounts of FMDv present in RTE pork products. There are four 
major aspects of the exposure assessment: 1) the exposed population; 2) the pathway of exposure; 3) the 
magnitude of exposure; and 4) the likelihood of exposure. For the purpose of this assessment, the 
population of interest is primarily swine. The pathways for exposure are through the feeding of 
commercial food waste (thermally treated) and table food waste (household consumption). These food 
waste types would include RTE pork products produced in a way that meet the requirements for FMDv 
inactivation and other pork products with production characteristics that do not meet the requirements for 
FMDv inactivation. 

10.1. Likelihood that FMDv would Survive in RTE Pork Products after 
Garbage Processing of Commercial Food Waste and Infect Swine 

Summary: This section evaluates the likelihood that FMDv would survive in RTE pork products after the 
thermal processing of commercial food waste. The conditions for this processing (100 °C-30 min) are 
adequate to inactivate the FMDv.  

Likelihood estimation: The likelihood that FMDv would survive in contaminated RTE pork 
product, after the thermal processing of commercial food waste and infect susceptible livestock is 
negligible. 

10.1.1. Garbage Processing Conditions 
The NAHMS reports on small and large swine operations in the United States (USDA:NAHMS, 2009, 
2014 and 2016) highlighted the percentage of swine premises that use either commercial food waste (e.g., 
food that may have gone out of code in a supermarket or food waste from food establishments) or table 
food waste (household origin) (Table 13). Data showed that commercial food waste is more commonly 
fed to pigs on larger premises (i.e., >2,000 pigs) and almost one-fourth of operations with 1 to 49 pigs 
feed table food waste. 

Table 12. Percentage of swine premises that use commercial food waste or table food waste to feed pigs in 
grower/finisher diets (adapted from NAHMS reports 2006, 2007 and 2012). 

 
Size of the operation, e.g. the number of pigs in the herd 

1-24 25-49 50-99 <100-1,999 2,000-4,999 >5,000 
Feed source Percentage  (%) of operations 

Commercial food waste1     

            2006**        
            2007 6.0 (0.8)* 7.7 (1.8) 6.3 (1.4) 

7.3 (2.1) 29.9 (4.6) 20.7 (5.6) 

            2012 7.9 (1.2) 6.0 (2.6) 10.9 (4.5) 37.2 (13.3) 24.8 (18.8) 
Table food waste  

Not Reported for herds of these sizes 
Not Reported for herds of these sizes 
Not Reported for herds of these sizes  

           2006 
           2007 23.4 (1.4) 15.1 (2.0) 13.8 (2.3) 
           2012 23.6 (2.0) 12.0 (3.4) 
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*: Mean and standard deviation; ** : Year of NAHMS survey results; 1: For sites >100 pigs this was “Bakery/food 
manufacture byproducts.” 

 

The Swine Health Protection Act (1980) defines the conditions for garbage processing as: 
 
“the edible waste for animal consumption derived from garbage (waste material derived from the meat of 
any animal resulting from the handling, preparation, cooking or consumption of food, except waste from 
ordinary household operations) that has been heated throughout at boiling or equivalent temperature (100 
°C) for 30 minutes (9CFR 166.1).” 

Based on the scientific information gathered in the section regarding the thermal inactivation of FMDv, 
the likelihood that FMDv in RTE pork products would survive garbage processing is negligible. 

10.2. Likelihood that Table Food Waste Feeding with RTE Pork Products 
from FMDv-infected Pigs—that Meet the Requirements for 
Inactivation of FMDv—would Infect Susceptible Livestock 

Summary: This section evaluates the likelihood that RTE pork products made from FMD-infected pigs 
used for table food waste feeding would infect susceptible species. It was assumed that the table food 
waste contained RTE pork products that were commercially produced according to industry practices and 
met the requirements for inactivation of FMDv (>70 °C or dry curing process) and sanitation procedures 
to prevent virus recontamination. Several studies done by inoculating RTE pork samples showing 
negative results for the presence of FMDv by an “in vitro” test into piglets were evaluated. None of the 
samples were able to infect the host animal either by injecting the virus or by giving an oral dose.  

Likelihood estimation: The likelihood that table food waste feeding with RTE pork products from 
FMD-infected pigs would infect susceptible livestock is negligible. 

10.2.1. “In vivo” studies with RTE Pork Samples 
Several studies have reported the disease manifestation outcomes in susceptible animal hosts (i.e., pigs 
and cattle) following the consumption of RTE pork product samples produced from FMDv-infected 
animals and tested negative in the “in vitro” tests. McKercher et al., (1987) fed two pigs (20-30 kg) a 
pooled sample of Parma hams (i.e., 108, 136, 170, and 227 days of curing) tested FMDv negative by the 
“in vitro” test. The absence of infectious FMDv was confirmed when neither antibody titers nor clinical 
signs developed at 14 days post-consumption. Both pigs developed clinical signs of FMD when 
inoculated with a challenge dose from the homologous virus. Similar results were obtained by Panina et 
al., (1989) after inoculating salami homogenate samples (cured for 7 days) that were tested negative in the 
“in vitro” test into 2 piglets (intradermally) and observing no clinical signs or antibody titer presence 
after 15 days post-exposure. Savi et al., (1962) used cattle as the host animal to demonstrate the absence 
of FMDv in the different RTE pork products tested. None of the negative “in vitro” samples (i.e., Varsi 
and Milan-type salami, Capicola, fat and bone samples from pork ham) were able to generate FMD 
clinical signs in cattle. Dhenin et al., (1980) confirmed negative “in vitro” results of salami samples 
(cured for 40 days) by feeding two piglets an entire salami and confirming the absence of clinical signs.  
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All of the negative “in vitro” samples were also confirmed to be negative using “in vivo” exposure tests. 
According to sections 9.5 and 9.6 the likelihood of FMDv surviving thermal processing (temperature >70 
°C) or the dry curing process (i.e., the time needed to produce those products is always greater than the 
virus survival) was negligible and section 9.7 evaluated the likelihood of recontamination with FMDv 
after lethality process as being low. Taking all these considerations, the likelihood that susceptible 
livestock would be infected by ingesting table waste containing RTE pork products is negligible.  

10.3. Likelihood that Table Food Waste Feeding with RTE Pork Products 
from FMDv-infected Pigs—that do not Meet the Requirements for 
FMDv Inactivation—Would Infect Susceptible Livestock 

Summary: This section evaluates the likelihood that RTE pork products made from FMDv-infected pigs 
used for table waste feeding would infect susceptible species when the requirements for FMD inactivation 
are not met. It was assumed that the RTE pork products were commercially produced according to 
industry practices; the production process did not meet the requirements for inactivation of FMDv; and 
sanitation procedures were not followed to avoid virus recontamination. The oral infective dose for pigs 
was estimated based on published studies of 104-105 TCID50. There was not enough scientific information 
to accurately estimate the virus concentration in pig tissues from FMDv-infected pigs that mimic a real 
outbreak or the final virus concentration at the time of feeding in RTE pork products that have not 
undergone appropriate lethality processes for FMDv. 

Likelihood estimation: The likelihood that table food waste feeding of RTE pork products from 
FMD-infected pigs that do not meet virus inactivation requirements would infect susceptible 
livestock is low to moderate. 

10.3.1. Oral Infectious Dose for Pigs 
The estimated minimum infectious doses that have been reported to produce clinical disease in cattle, 
sheep, and pigs are presented in Table 14. This table is based on experimental work that was not 
necessarily designed to determine an infectious dose, but rather what dose would reliably infect an animal 
for research purposes. These are not absolute values, but are estimates based on different experimental 
designs in which small groups of animals and different methods were used; therefore, they are not 
necessarily directly comparable (Alexandersen et al., 2003). Animals are relatively insensitive to 
experimental infection by oral exposure to virus (Donaldson et al., 1987) and, require an infectious dose 
of 105-106 TCID50 (Sellers, 1971). 

Table 13. Selected estimated minimum infectious doses (TCID50) for cattle, sheep, and pigs by route of 
exposure (Alexandersen et al., 2003, Donaldson et al., 1987)1. 

Species Inhalation Nasal inoculation Oral 
Cattle 10 104-105 105-106 

Sheep 10 104-105 105-106 
Pigs >800 Unknown 104-105 
1: Doses are given as TCID50 (50% bovine thyroid tissue culture dose endpoint estimates). 
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Section 9.3.1 showed published data on the FMDv concentration at the time of slaughter in different pig 
tissues ranging from 100.8 PFU/g to 109.6 ID50/g. Studies have shown that it is highly likely that pork 
tissues (i.e., muscle, fat, bone marrow, and lymph node) from FMDv-infected pigs used to produce RTE 
pork products will contain doses within a range that would pose a risk for infection of susceptible 
livestock. However, the situations reported were considered as the ‘worst-case scenario’ where animals 
with clear FMD clinical signs were slaughtered and the pig tissues contained the highest virus 
concentration possible. As pointed out by several authors (Panina et al., 1989; Mebus et al., 1993), 
animals at that stage of infection should be rejected during ante-mortem inspection and thus not enter the 
food chain. Therefore, there is a high uncertainty that the virus concentration of different pork tissues 
during an experiment can be used to estimate those of a real outbreak. 

During the production of a RTE pork product, different factors affect the virus survival and virus 
inactivation as achieved by the combination of hurdle steps (i.e., temperature reached at the cooking 
process, pH level attained during maturation, water to protein ratio, etc). The USDA Animal Product 
Manual states that water-to-protein levels of 2.25:1 (2.25 parts of water to 1 part protein) can be used to 
inactivate FMDv due to the low pH level reached. Published studies do not report virus concentration at 
different steps of the production process and usually the results are expressed as time (i.e., days) until the 
virus is not recovered from the sample. The lack of scientific data dealing with virus concentration at 
different time intervals, make the assessment of virus survivability in RTE pork products that do not meet 
the lethality requirements for virus inactivation, difficult to estimate. In addition, the concentration of 
virus that the RTE product will contain at the time of feeding is also uncertain and will depend on the 
time elapsed from fabrication to feeding.  

Taking into account the uncertainty related to the survival of FMDv in RTE pork products that do not 
meet lethality requirements, the likelihood of RTE pork products from FMDv-infected pigs that do not 
meet the requirements for FMDv inactivation infecting susceptible livestock is low to moderate. 
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11. RISK ESTIMATION 
The risk estimation is a summarization of the results and/or conclusions arising from the entry and 
exposure assessments. 

11.1. Entry Assessment 
The likelihood that FMDv would remain in RTE pork products is negligible when meeting the 
requirements for the inactivation of the virus (i.e., >70 °C or adequately long curing process) and 
sanitation procedures to prevent recontamination are followed. 

11.2. Exposure Assessment 
The likelihood of susceptible animals being exposed to FMDv by commercial food waste feeding after 
garbage processing containing RTE pork products produced from FMDv-infected pigs is negligible. 

The likelihood of susceptible animals being exposed to FMDv by table food waste feeding containing 
RTE pork products produced from FMDv-infected pigs that meet the requirements for the inactivation of 
FMDv and sanitation procedures to prevent recontamination is negligible. 

The likelihood of susceptible animals being exposed to FMDv by table food waste feeding containing 
RTE pork products produced from FMDv-infected pigs that do not meet the requirements for the 
inactivation of FMDv and/or sanitation procedures to prevent recontamination is low to moderate. 

11.3. Overall Risk Estimation 
The risk that susceptible livestock would be infected by RTE pork products from FMDv-infected pigs is 
negligible if the requirements for the inactivation of FMDv and the sanitation procedures for preventing 
recontamination are followed. If requirements for inactivation of FMDv and/or sanitation procedures for 
preventing recontamination are not followed, risk of infection of susceptible livestock is uncertain but 
could be estimated as low to moderate. Additional mitigation steps may be required to reduce the risk to 
an acceptable level.  
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12. CONCLUSIONS 
The following conclusions were drawn from this report: 

• FMDv spreads quickly within a group of swine so that a high number of infected animals are 
present at the time of detection. 

• It is highly likely that prior to the establishment of FMD outbreak response measures, infected but 
undetected pigs will enter the food chain. 

• It is highly likely that FMDv will be inactivated as a result of the production processes used to 
fabricate RTE pork products. 

• Feeding commercial food waste which contains RTE pork products that have been thermally 
treated in compliance with regulatory requirements poses negligible risk for FMD infection when 
feeding livestock. 

• Feeding table food waste which contains RTE pork products that may not have undergone any 
thermal processing may lead to an uncertain risk of infection in swine that is greater than 
negligible. 
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13. RESEARCH NEEDS 
An important goal of the risk assessment process is to inform risk managers about data gaps encountered 
during the production of the document and research strategies to fulfill the data gaps in order to decrease 
the uncertainty in the risk estimation. 

A review of the literature on FMDv and swine indicated the following data gaps, research needs, and 
uncertainties: 

1. Lack of data on FMD and swine in the literature regarding:  

a) The amount of virus that would be present in naturally infected animals and their tissues. It 
may be significantly lower than the doses that have been used in scientific research. Some 
variables which could be studied include: strains of FMDv, post-exposure intervals, age/size 
of pig. 

b) The virus concentration necessary to generate an infection in pigs through ingestion of RTE 
pork products.  

c) The survival kinetics of FMDv strains in different pork tissues and products considering 
processing techniques such as chilling, commercial heat treatment, curing, salting, etc. 

d) Data on virus concentration at different production steps of RTE pork products, including 
commercial shelf-life. 

e) Data on infectivity of waste materials (i.e., aerosols, liquids, and solids) generated during 3D 
operations (i.e., Depopulation, Disposal, and Decontamination). 

2. Lack of FMDv survival curve data: 

a) Experimental data regarding FMDv survival in different substrates under different conditions 
is minimal. 

b) The available experimental data regarding FMDv survival may be affected by FMDv subtype 
used in the experiments, leading to uncertainty when trying to extrapolate the results of one 
FMDv subtype to other subtypes.. 

c) Individual strain characteristics with respect to thermal and pH sensitivity are unclear and 
likely variable which may also lead to uncertainty when extrapolating the results. 

3. Challenges of comparing different research studies:  

a) Product composition (pH, water activity, moisture: protein ratio, salinity, and additives), 
product bulk mass, packaging material and method of heat exchange will affect the potential 
virucidal effect of the thermal process.  

b) The assay techniques used to measure the virus concentration differ in sensitivity making a 
direct comparison difficult in certain cases.  
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APPENDIX A. SLAUGHTER PROCESSING STEPS 
The sequential steps in the slaughtering of swine presented in Figure 1 are the following: 

1. Stunning – In most establishments, pigs are stunned with an electrical shock or CO2 is used to render 
each animal completely unconscious and insensitive to pain. The unconscious pigs are lifted up by a 
hind leg and conveyed to the next step.  

2. Sticking and bleeding – A sharp blade is inserted into the neck, severing the carotid arteries and 
jugular veins, resulting in exsanguination and death. Typically, this is done while the animal is 
hanging head down from the rail or hoist chain, but can also be done while the pig is lying on its side 
or being held on its back. Blood may be collected and used for making a variety of products, 
including sausage, blood pudding, and plasma.  

3. Scalding – Pig carcasses are placed in a tank of warm water, at approximately 142 oF (61 oC) for six 
to eight minutes to facilitate hair removal.  

4. Dehairing – In small facilities, one or more carcasses are placed in a drum that rotates the carcasses 
using built-in metal paddles that scrape the hair and outer layer of the skin. In larger facilities, hair is 
removed as the carcass is pummeled by a bank of rubber fingers.  

5. Gambrelling – Refers to slicing the skin and connective tissues between the tendons and the bones 
on the back of the hock so that the carcass can be hung on a gambrel or specialized hook.  

6. Singeing – Carcasses are quickly singed with a flame to remove any remaining hairs and to give the 
skin the correct texture. After the head is removed, many establishments use anti-microbial 
interventions that include hot and/or ambient temperature water wash, organic acid wash, and steam 
vacuuming. The steam vacuuming process is used to remove visible contaminants from the carcass 
either before or after evisceration. As regulated by 9CFR 310.11, all hair, scurf, dirt, hoofs, and claws 
shall be removed from the carcasses, and the carcasses shall be thoroughly washed and cleaned before 
any incision is made for inspection or evisceration.(USDA:FSIS, 2009) 

7. Evisceration – The internal organs are separated from the carcass. Even in highly mechanized plants, 
this is still done by hand. It is important that evisceration is done properly so as not to contaminate the 
carcass with the stomach or intestinal contents. At this point, post-mortem inspection of head and 
viscera occurs. Then carcass is split with a saw.  

8. Final trim and wash – Waste and byproducts that are not suitable for human food (e.g., the hides) 
are produced. Edible byproducts (e.g., livers) are also produced. The establishment will keep inedible 
materials separate from edible ones. Thyroid glands, laryngeal muscle tissue, lung, and lactating 
mammary glands are not used for human food (9CFR 310.15, 9CFR 310.16, 9CFR 310.17). The 
injection needle shall be disinfected by placement in water that is not less than 180 °F (82 °C) for at 
least 10 seconds immediately prior to each injection (9CFR 310.13). At the trim rail, an inspection 
will reveal whether the carcass is free from contamination or quality concerns that can be removed by 
trimming. The carcasses and parts passed for cooking are weighed, marked with an official USDA 
inspected and passes brand (9CFR 316.9), and washed.  
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9. Chilling – Helps to inhibit the growth of harmful bacteria and spoilage. There are various methods 
and equipment used for chilling carcasses. The temperature of the carcass is approximately 86 °F (30 
oC) prior to chilling, and it must be chilled to a temperature below 45 °F (7 oC) within 24 hours. 
Carcasses are typically stored in large refrigerated warehouses called coolers for approximately 12 to 
36 hours. There are also faster chilling processes called blast chilling which can last as short as 4 
hours. During this process, lactic acid accumulates and the pH of the carcass is lowered. The pH of 
fresh meat ranges from 5.3 to 6.4. Temperature, humidity, and airflow are controlled in the coolers. 

10. Fabrication – May occur within the establishment in a fabrication department, or the carcass may be 
shipped to another plant. The process creates various cuts from the carcass to produce particular types 
of products. Primal or wholesale cuts are made first. The plant typically uses large mechanized saws 
to fabricate the carcass into primal cuts. Often primal parts are deboned before cutting into retailed 
cuts, in order to produce boneless items. Packaging materials such as wax treated paper or plastic film 
protect the product from damage during refrigeration or frozen storage.  

11. Distribution – Movement of product to other departments within the same plant, to other plants, or to 
retail markets. Inspected and passed parts of carcasses which are not marked with the official 
inspection legend under this section are not allowed to enter any official establishment or be sold, 
transported, or offered for sale or transportation, in commerce (9CFR 316.9).  
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APPENDIX B. MEAT PRODUCTION REGULATIONS AND FLOW 
DIAGRAMS FOR RTE PRODUCT CATEGORIES  

Regulations Pertaining to Meat Production Processes 
The Food Safety and Inspection Service (FSIS) within the United States Department of Agriculture 
(USDA) is the regulatory agency tasked with enforcement over the meat processing industry. Rules and 
regulations for food inspection and inspection services are published in Title 9 of the Code of Federal 
Regulations (CFR). The following selected portions of 9CFR provide applicable information for this risk 
assessment.  

• Part 71 includes regulations relevant to cleaning and permitted disinfectants for vehicles affected 
with, or carrying the infection of, any contagious, infectious, or communicable disease of livestock. 

• Parts 166 include regulations related to swine health and pork products. 

• Parts 309 and 310 include regulations related to ante-mortem and post-mortem inspection, 
respectively.  

• Parts 316 and 317 include regulations related to marking products and containers and handling 
packaging materials.  

• Part 318 includes regulations related to permit heat-processing and stabilization requirements for fully 
cooked uncured meat products. 

• Part 416 includes guidelines for grounds and facilities, equipment and utensils, employee hygiene and 
for Sanitation Standard Operating Procedures (SSOPs).  

• Part 417 includes regulations related to Hazard Analysis and HACCP plans of FSIS processing 
categories.  

As outlined in the general section of 9CFR 416, establishments under FSIS inspection must be operated 
and maintained in a manner sufficient to prevent the creation of insanitary conditions and to ensure that 
product is not adulterated (9CFR 416). This section of the CFR presents the building, SSOP’s, and 
equipment and utensil requirements that must be followed to prevent contamination and adulteration of 
product. Appendix C presents a brief summary of these requirements. Storage and transportation of 
finished food shall be under conditions that will protect that food against physical, chemical, and 
microbial contamination as well as against deterioration of the food and the container (21CFR 110.93).  
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Figure B-1. Flow diagram for processing steps of commercially sterile products. 
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Figure B-2. Flow diagram for processing steps of RTE products with heat treatment. 
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Figure B-3. Flow diagram for processing steps of RTE products with non heat treatment. 
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LEGEND: Starter culture: a bacterial culture (often freeze-dried) that is used to produce fast acidification 
and potentially reduce pathogen load in processed meat. 
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APPENDIX C: STUDIES ON THERMAL INACTIVATION OF FMDV IN BEEF 
Table D-1. Thermal inactivation studies of FMDv in beef tissues. 

Meat Initial Virus Titer Temperature-Time 

Final Virus 
Titer/Inactivation 

percentage References 
Ground beef 104.3 TCID50/g 

75 °C-20 min 80 
°C-15 min ND Garcia-Vidal et al., 

1988 Beef cubes 104.8 TCID50/g 
Beef slices 104.9 TCID50/g 

Beef cuts 104.1-4.60 TCID50/g 63-75 °C 1.5-5.75 
h <0.4 plaques Masana et al., 1995 

Canned ground 
beef 

104.6 -104.9 mouse 
LD50/g 68 °C -65 min ND Heidelbaugh and 

Graves, 1968 

Beef patties 104.10 PFU/g 99.7 °C-20 min ND Vermeulen et al., 
1993 

ND: None detected 
Mouse LD50 (Lethal Dose 50)=The dose of pathogen required to kill 50% of the mouse inoculated. 
TCID50 (Median Tissue culture infectious dose) = The amount or quantity of a pathogenic agent (e.g., FMDv) required to produce 
a damaging effect to 50% of cells in the tissue inoculated. 

PFU (Plaque forming units) = Provides an estimation of the number of infectious viral particles present by the measuring the 
number of clear areas (areas of cell lysis) that are formed for a given culture plate area. 
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