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Presentations and Reports  
 
Salmonella Enteritidis in Shell Eggs from Backyard and Other Small Flocks 
Subhashinie Kariyawasam, The Pennsylvania State University 

Salmonella Enteritidis (SE) is a leading foodborne pathogen in the United States with many outbreaks 
in humans traced back to shell eggs. Food and Drug Administration (FDA) requires shell egg producers 
from a farm with more than 3,000 chickens to be in compliance with the FDA Final Egg Rule. Therefore, 
the objective of this study was to estimate the prevalence of SE in eggs produced by backyard flocks and 
other small flocks thus facilitating an assessment of public health risk posed by these eggs by testing 
eggs purchased from on-farm roadside stalls and at local farmers' markets and determining the 
relatedness of these egg isolates of SE to that of human foodborne isolates.  

In brief, three to four dozen eggs from 240 selling points (farmers’ markets or road-side stalls) in 67 
counties of Pennsylvania, each representing one small layer flock, were collected from May to November 
2015. Internal contents of the eggs and eggshells were cultured separately for Salmonella. Recovered 
Salmonella were serotyped and any SE isolates present were further characterized by phage typing and 
pulsed-field gel electrophoresis (PFGE). The PFGE designations were assigned by the PulseNet.  

Of the 240 selling points included in the study, eggs from five (2.08%) selling points were positive for 
SE. In detail, eggs from one selling point contained SE in egg shells whereas eggs from the other four 
selling points had SE in internal contents.  Three different phage types (PT8, PT13, and PT13a) and four 
different PFGE types (JEGX01.0004, JEGX01.005, JEGX01.0021, and JEGX01.0034) were represented 
by these five isolates of SE.  

In summary, this study demonstrated that SE is present in the eggs produced by small flocks with 
<3,000 birds highlighting the potential risk posed by these eggs to the consumers.  The phage and PFGE 
types of SE present in the eggs from small flocks were also the types commonly reported to the Centers 
for Disease Control and Prevention from human foodborne outbreaks. These findings emphasize the 
importance of small producer education on SE control measures and perhaps implementation of egg 
quality assurance practices to prevent SE contamination of shell eggs produced by backyard and other 
small layer flocks. 

 
An FSIS Update on the Prevention and Control of Foodborne Salmonella 
Karen Becker, USDA-FSIS 

The Food Safety and Inspection Service (FSIS) is the public health agency in the USDA responsible 
for ensuring that the nation’s commercial supply of meat, poultry, and egg products is safe, wholesome, 
and correctly labeled and packaged. Salmonella is the leading cause of bacterial foodborne illness in the 
Unites States. It is estimated that approximately 360,000 (30%) of Salmonella illnesses are associated 
with FSIS-regulated products. 



Salmonella is a common cause of foodborne illness outbreaks investigation by FSIS. There were 26 
investigations of salmonellosis outbreaks from 2011 through 2016. The serotypes associated with these 
outbreaks were as follows:6 Enteritidis; 5 Heidelberg; 5 Typhimurium; and 4 I 4,[5],12:i- (including one 
outbreak that also isolated S.Infantis). These outbreaks led to 14 recalls involving several products, 
including ground turkey, broiled chicken livers, ground beef, hogshead cheese, chicken (including 
mechanically separated chicken and stuffed chicken products), and pork. 

In 2015, an outbreak of Salmonella I 4,[5],12:i- and infantis illnesses associated with pork 
consumption in Washington state sickened 192 people. This outbreak investigation required a 
collaborative effort including FSIS, agencies in Washington state, and Center for Disease Control and 
Prevention (CDC) and was the largest reported pork-associated outbreak ever investigated by FSIS. 
Many case-patients reported consuming pork at hog roasts which led to a traceback investigation that 
identified an establishment as the source of many of the whole hogs used at these roasts. Several 
product and environmental samples collected at this establishment were positive for the outbreak strain of 
Salmonella I 4,[5],12:i-. The investigation led to the establishment recalling whole hogs and pork products 
in August 2015. In 2016, a similar outbreak associated with pork consumed at hog roasts occurred 
involving 10 case-patients infected with the same strain of Salmonella I 4,[5],12:i-. Prompt traceback 
confirmed the same establishment as the hog source and another recall ensued. Application of lessons 
learned from the 2015 outbreak allowed a more rapid, collaborative, multi-agency response with shorter 
timelines compared to the 2016 outbreak. Potential future steps to better understand this pathogen 
include collaboration among FSIS, USDA, State colleagues and industry to identify through better 
surveillance and understanding of supply chains feasible and effective interventions to prevent illness.   

FSIS initiated the Pathogen Reduction/Hazard Analysis and Critical Control Points (PR/HACCP) 
verification program in 1996. This program requires meat and poultry establishments to implement 
preventive controls to improve food safety. Assessing FSIS sampling results against Salmonella 
performance standards helps to verify PR/HACCP effectiveness. FSIS also tracks Salmonella serotype 
distribution to better understand emerging hazards. A comparison of the ten serotypes most frequently 
causing human salmonellosis with the ten serotypes most commonly isolated from FSIS-regulated 
products (ground beef, chicken, and turkey) shows some but not complete overlap. For example, 
Enteritidis and Typhimurium, the 1st and 2nd most common serotypes respectively causing human 
salmonellosis are the 2nd and 4th, respectively, most frequently isolated serotypes in FSIS-regulated 
products. In contrast, S.Kentucky and Montevideo are the 1st and 3rd, most frequently isolated serotypes 
from FSIS-regulated products respectively, but are not among the ten most frequent causes of human 
salmonellosis. 

Salmonella Dublin is an emerging, One Health priority issue, most often found in cattle. Dublin is the 
second most frequently isolated serotype from FSIS-regulated products. It rarely infects humans, but 
when it does, infections are often invasive and multi-drug resistant (MDR) than other serotypes. FSIS will 
be working with other USDA sister agencies, CDC, FDA, and State partners to identify through 
surveillance and enhance our understanding of this pathogen and other emerging foodborne disease 
hazards. 

In 2013, FSIS announced a change in Salmonella sampling from a set-based approach to a routine 
sampling model. Routine sampling is characterized by an analysis of sample results in an establishment 
over a moving 52-week window of time to assess process control. This program began for various 
product types in a staggered fashion in 2014 and 2015. Routine sampling provides better surveillance 
than set-based sampling and provides an opportunity to calculate pathogen prevalence estimates. 

FSIS participates in the National Antimicrobial Resistance Monitoring System (NARMS), contributing 
Salmonella isolates from PR/HACCP and animal cecal samples. Among product classes tested in 2013 
(i.e. chicken carcasses rinses, turkey carcass swabs, ground beef, and ground or comminuted chicken 
and turkey products) from PR/HACCP sampling, turkey Salmonella isolates were more frequently 
resistant to at least one antimicrobial, while ground beef isolates were least frequently resistant. Over the 
past ten years, overall rates of MDR Salmonella have remained unchanged in beef and chicken isolates 
in PR/HACCP sampling. Among product classes tested in 2014 (i.e. young chickens, young turkeys, dairy 
cows, beef cows, steers, heifers, market swine and sows) from cecal sampling, sow isolates were most 
frequently positive for Salmonella, and beef cow isolates were least frequently positive. 

In December 2014, FSIS released its Salmonella Action Plan, which lists ten priority actions to 
address Salmonella in FSIS-regulated products. Highlighted actions in this plan that FSIS prioritizes 
include: 1.) poultry slaughter establishments using scientifically-based measures to prevent 



contamination, rather than addressing it after it occurs; 2.) published final performance standards for 
chicken parts and comminuted poultry; 3.) updated compliance guidance for industry to address 
pathogens in raw poultry products; FSIS has completed nearly all of the activities listed in Salmonella 
Action Plan at this time, and most items that remain are in very late stages of completion, such as final 
document clearance with likely publication dates in 2016.  FSIS therefore considers that it has 
accomplished the commitments made in the Plan, which are the groundwork for improved inspection, 
production practices, and education. 

Through these actions and accomplishments, FSIS has achieved its main objective in developing the 
Plan: to better focus Salmonella-related activities with a long-term goal of reducing Salmonella illnesses.  
A number of the items in the plan are not one-time actions, but are changes that the Agency implemented 
in how it will conduct its business going forward.  The Agency anticipates that the Plan will have long-
lasting effects to reduce Salmonella illnesses.  FSIS realizes that the Plan has not resulted in and could 
not have resulted in the elimination of Salmonella illnesses. Although the Agency will no longer monitor its 
accomplishments against the Plan, it will continue to explore and evaluate new approaches and methods 
to decrease Salmonella illnesses and will continue to monitor its progress through the number of 
Salmonella illnesses associated with FSIS-regulated products. 

FSIS will continue to address Salmonella in its regulated products and improve reporting of testing 
data. In 2017, FSIS plans to begin the release of testing results in the Salmonella/Campylobacter 
Prevalence Analysis Report. In order to be included in this report, commodities will need to have been 
sampled for three years under the routine sampling program. It is expected that the report will contain 
estimates of annual prevalence, information on seasonality, serotype distribution, Pulse-field Gel 
Electrophoresis (PFGE) patterns, bacterial enumeration, and antimicrobial resistance profiles.  More 
details on Salmonella Plan accomplishments can be found at 
http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-
sheets/foodborne-illness-and-disease/salmonella/sap-two-year. 

Additional data related to FSIS Salmonella-related testing and policy can be found on 
www.fsis.usda.gov.  

Additional information on the NARMS 2013 Integrated Report can be found at 
http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/NationalAntimicrob
ialResistanceMonitoringSystem/UCM453398.pdf. 
 
2015 NVSL Salmonella Report 
Brenda Morningstar-Shaw, USDA-NVSL 

The Diagnostic Bacteriology Laboratory within the National Veterinary Services Laboratories (NVSL) 
routinely serotypes Salmonella isolates submitted by private, state, and federal laboratories as well as 
veterinarians, researchers, and other animal health officials. Most submissions were from diagnostic 
laboratories across the U.S. This report summarizes Salmonella serotyping submissions received at the 
NVSL from January 1 through December 31, 2015. Salmonella isolates are identified as clinical (clinical 
signs of salmonellosis from primary or secondary infection) or non-clinical (herd and flock monitoring 
programs, environmental sources, food). Serotyping data from isolates submitted for research purposes 
are not included in the source specific summaries. Based on information provided by the submitter, the 
isolates were divided into animal source categories for analysis. The animal sources include Avian (avian 
of unknown origin, condor, crow, finch, hawk, goose, sparrow, partridge, parrot, parakeet, pheasant, 
pigeon quail, duck, and owl); Cattle; Chicken; Dog/Cat; Horse (horse, donkey, mule); Other Domestic 
(alpaca, ferret, goat, sheep, guinea pig, llama, mink); Pigs; Reptiles/Amphibians (iguana, lizard, reptile, 
snake, turtle, tortoise, amphibian, frog, alligator, crocodile); Turkey’ Wild/Zoo (antelope, deer, fish, marine 
mammals, opossum, rabbit, raccoon, rodent,  camel, monkey, lemur, tiger, zebra, rhinoceros, wallaby, 
cervid, cheetah, coyote, gazelle, jaguar, leopard, lion, warthog); and Other (environment, unknown). 

Salmonella serotyping at the NVSL is an ISO 17025 accredited test. Salmonellae are typed using 
polyvalent and single factor antisera to determine the O and H antigens. Approximately 60% of the sera 
used at the NVSL is produced in house as previously described. (Ewing, 1986) The remaining antisera 
are purchased from commercial vendors. All sera are subject to extensive quality control testing prior to 
use. Salmonella antigenic formulae are determined as previously described (Ewing) and interpreted via 
the White-Kauffmann-Le Minor scheme (Grimont, 2007). The subspecies designation precedes the 
antigenic formula for those serotypes other than subspecies I.   



In 2015, 13,880 submissions were received for Salmonella serotyping. Salmonella isolates were 
divided into clinical isolates (4,976), non-clinical isolates (6,396), research and other (2,508). The sources 
of clinical and non-clinical Salmonella isolates are shown in Table 1. There were 289 different serotypes 
identified in 2015. Table 2 lists the ten most common serotypes when all animal sources were combined. 
The most common isolates from chickens, turkeys, pigs, cattle, and horses are listed in Tables 3-7. 

The NVSL provided a Salmonella Group D proficiency test to assess the ability of laboratories to 
isolate Salmonella from environmental samples and determine the serogroup (specifically group D) of any 
Salmonella isolated. The test consisted of ten lyophilized cultures containing various combinations of 
Salmonella and common contaminants that simulated an environmental swab. The 2015 test included 
Salmonella serotypes Enteritidis, Berta, Anatum, Oranienburg, and Heidelberg. Contaminant bacteria 
included Enterobacter cloacae, Citrobacter sedlakii, Citrobacter amalonaticus, Citrobacter freundii, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, and Providencia rettgeri. Laboratories were instructed 
to test the samples according to the procedures used in their laboratories. The NVSL randomly retained 
13% of the test kits and tested them blindly for quality assurance (QA) purposes. The results of the 
proficiency test are shown in Table 8. 

Additionally, the NVSL offered a Salmonella serotyping proficiency test to allow laboratories to assess 
their ability to serogroup or serotype Salmonella. The panel consisted of ten pure Salmonella isolates, 
including Salmonella serotypes Herston, Panama, Lome, Duisburg, Eko, Wippra/Molade, Dublin, Hato, 
Coeln, and Enteritidis. Participants were given the option to perform serogrouping, partial serotyping, or 
full serotyping of the isolates and were graded based on appropriate identification to the level of testing 
that they performed. The NVSL randomly retained 15% of the test kits and tested them blindly for QA 
purposes. The results of the proficiency test are shown in Table 9. 
 
Table 1: Sources of submissions to the NVSL for Salmonella serotyping in 2015 

Source No. Clinical       
Submissions 

No. Non-Clinical 
Submissions 

Cattle 1,644 233
Chicken 335 4,258
Horse 357 168
Swine 1,800 242
Turkey 163 780
All others 677 715
Total 4,976 6,396 

 
Table 2: Most common serotypes in 2015: All sources 

Clinical Non-Clinical 
Serotype No. Isolates Serotype No. Isolates 

Typhimurium  798 Senftenberg 911
4,[5],12:i:- 632 Kentucky 574
Dublin 374 Montevideo 438
Cerro 310 Enteritidis 397
Enteritidis 197 Worthington 379
Montevideo 178 Mbandaka 351
Derby 160 Typhimurium 305
Agona/Newport 159 4,[5],12:i:- 183
Heidelberg 144 Hadar 167
Senftenberg 113 Newport 157
All others 1,752 All others 2,534
Total 4,976 Total 6,396 

 
Table 3: Most common serotypes in 2015: Chickens  

Clinical Non-Clinical 
Serotype No. Isolates Serotype No. Isolates 

Enteritidis 164 Senftenberg 709 
Kentucky 48 Kentucky 525 



Typhimurium 22 Enteritidis 349 
Braenderup 11 Worthington 340 
Heidelberg 10 Montevideo 340 
All others 80 All others 2,044
Total 335 Total 4,258 

 
Table 4: Most common serotypes in 2015: Turkeys 

Clinical Non-Clinical 
Serotype No. Isolates Serotype No. Isolates 

Senftenberg 44 Senftenberg 170 
Ouakam 15 Hadar 165 
Muenchen 13 Anatum 70 
Albany 12 London 57 
4,[5],12:i:-/Typhimurium 9 Muenster 56 
All others 61 All others 262 
Total 163 Total 780 

 
Table 5: Most common serotypes in 2015: Pigs 

Clinical Non-Clinical 
Serotype No. Isolates Serotype No. Isolates 

4,[5],12:i:- 502 4,[5],12:i:- 58 
Typhimurium 405 Typhimurium 47 
Derby 154 Derby 21 
Agona 104 Infantis/Agona 13 
Infantis 67 Havana 10 
All others 568 All others 80 
Total 1,800 Total 242 

 
Table 6: Most common serotypes in 2015: Cattle 

Clinical Non-Clinical 
Serotype No. Isolates Serotype No. Isolates 

Cerro 375 Cerro 95 
Dublin 325 Montevideo 34 
Typhimurium 174 Typhimurium 22 
Montevideo 138 Newport 18 
Newport 64 Dublin 17 
All others 527 All others 104 
Total 1603 Total 290 

 
Table 7: Most common serotypes in 2015: Horses 

Clinical Non-Clinical 
Serotype No. Isolates Serotype No. Isolates 

Typhimurium 58 Montevideo 40 
Newport 50 Typhimurium 35 
Anatum 38 Newport/Anatum 22 
Mbandaka 22 Liverpool 8 
Javiana 19 Mbandaka 6 
All others 170 All others 35 
Total 357 Total 168 

 
Table 8: Summary of NVSL Salmonella Group D proficiency test 

 2011 2012 2013 2014 2015
Participants 70 73 61 80 94
Mean Score 97% 92% 94% 98% 98%



Score Range 100-85% 100%-29% 100-68% 100-80% 100-68%
Below Passing 0 7 4 0 1

 
Table 9: Summary of NVSL Salmonella Serotyping proficiency test 

  Serogrouping 
2013 

Serotyping 
2013

Serogrouping 
2013

Serotyping 
2014

Serogrouping 
2015 

Serotyping 
2015

Participants 18 14 34 23 34 21
Mean Score 98% 98.50% 99% 95% 97% 88%
Score 
Range 

100-90% 100-90% 
100-80% 100-80% 100-80% 100-60% 
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The Use of Non-Accredited Veterinary Diagnostic Laboratories in Salmonella Testing of Turtles 
Prior to Export 
Megin Nichols, Centers for Disease Control and Prevention (CDC) 

Since 2015, CDC, multiple states, U.S Fish and Wildlife Service, the U.S. Department of Agriculture's 
Animal and Plant Health Inspection Service (USDA-APHIS), and the U.S. Food and Drug Administration 
(FDA) Center for Veterinary Medicine have investigated four separate multistate outbreaks of human 
Salmonella infections linked to contact with small turtles. In the four outbreaks, a total of 133 people 
infected with the outbreak strains of Salmonella were reported from 26 states between January 16, 2015 
and April 8, 2016. Thirty-eight ill people were hospitalized, and no deaths were reported. Forty-one 
percent of ill people were children five years of age or younger. Epidemiologic and laboratory findings 
linked the four outbreaks of human Salmonella infections to contact with small turtles or their 
environments, such as water from a turtle habitat. 
 
Salmonella Outbreaks Linked to Live Poultry in the United States 2016 
Lauren Stevenson, Centers for Disease Control and Prevention (CDC) 

This year we saw the largest number of illnesses linked to contact with backyard poultry ever 
recorded. As of September 26, 2016, 895 people infected with the outbreak strains of Salmonella were 
reported from 48 states. Among people for whom information is available, illnesses started on dates 
ranging from January 4, 2016 to September 10, 2016. Ill people ranged in age from less than 1 year to 
106, with a median age of 27. Of ill people, 52% were female. Among 761 ill people with available 
information, 209 (27%) reported being hospitalized, and three deaths were reported. Salmonella was 
considered to be a cause of death for one person in Mississippi. Although the two people who died in 
Kentucky and New Jersey had a Salmonella infection, the infection was not considered to be a cause of 
death.  

Epidemiologic, traceback, and laboratory findings linked the eight outbreaks to contact with live 
poultry, such as chicks and ducklings, from multiple hatcheries. In interviews, ill people answered 
questions about contact with animals and foods consumed during the week before becoming ill. Contact 
with live poultry (chicks, chickens, ducks, ducklings) in the week before becoming ill was reported by 552 
of 745 ill people interviewed, or 74%. 

Ill people reported purchasing live baby poultry from several suppliers, including feed supply stores, 
Internet sites, hatcheries, and friends in multiple states. Ill people reported purchasing live poultry to 
produce eggs, learn about agriculture, have as a hobby, enjoy for fun, keep as pets, or to give as Easter 
gifts. Some of the places ill people reported contact with live poultry included their home, someone else’s 
home, work, or school settings. 
 
Topics of Interest from the Pork Industry 
Submitted by Jim Dickson, Iowa State University and National Pork Board 
(Presented by Dr. Shelley Rankin University of Pennsylvania) 
Multistate Outbreak of Multidrug-Resistant Salmonella I 4,[5],12:i:- [sic] and Salmonella Infantis 
Infections Linked to Pork  



(Final Update) 
Posted December 2, 2015 1:30 PM ET 
http://www.cdc.gov/salmonella/pork-08-15/index.ht 
 

Epidemiologic, laboratory, and traceback findings identified pork produced by Kapowsin Meats as the 
likely source of this outbreak of Salmonella 1,4,[5],12: i :- and Salmonella Infantis infections. Accounted 
for were 192 people infected with the outbreak strains of Salmonella 1,4,[5],12: i :- (188) and Salmonella 
infantis (4) reported from five states.  

The number of ill people reported from each state was as follows: Alaska (1), California (2), Idaho (2), 
Oregon (3), and Washington (184). Most of the ill people infected in states other than Washington 
traveled to Washington in the week before their illness started. Most ill people were reported from 
Washington. Thirty ill people were hospitalized, and no deaths were reported. Laboratory testing 
confirmed the outbreak strains in environmental samples collected by Washington State Department of 
Health from the Kapowsin Meats facility.  On August 13, 2015, Kapowsin Meats voluntarily recalled 
approximately 116,262 pounds of whole pigs that might be contaminated with Salmonella 1,4,[5],12: i :- 
The product was shipped to individuals, retail locations, institutions, and distributors in Alaska, Oregon, 
and Washington. 

Among people for whom information was available, illnesses started on dates ranging from April 25, 
2015, to September 25, 2015. Ill people ranged in age from less than 1 year to 90, with a median age of 
35. Fifty-one percent of ill people were female. Among 180 ill people with available information, 30 (17%) 
were hospitalized, and no deaths were reported. 

CDC's NARMS conducted antibiotic susceptibility testing on ten isolates. All ten isolates (100%) were 
multidrug resistant. This included resistance to ampicillin, streptomycin, sulfisoxazole, and tetracycline 
(ASSuT).  Antibiotic resistance may be associated with increased risk of hospitalization, development of a 
bloodstream infection, or treatment failure in patients. 
 
Increased Frequency of Isolation of Multi-drug Resistant Salmonella 1,4,[5],12: i : - From Swine 
with Histologic Lesions Consistent with Salmonellosis  
Orhan Sahin1, Curt Thompson1, Lei Dai2, Adam Krull1, Eric Burrough1 

1Veterinary Diagnostic and Production Animal Medicine, Iowa State University 
2Veterinary Microbiology and Preventive Medicine, Iowa State University 

Isolation of Salmonella 1,4,[5],12: i : - has increased in frequency at the ISU-VDL from 3% in 2001 to 
>15% in 2015. This serotype is thought to be a primary pathogen in pigs. Review of the case data from 
clinical submissions to the Iowa State University (ISU), Veterinary Diagnostic Laboratory (VDL) showed 
an association of enteric disease with concurrent histologic lesions. On gross examination, a 
fibrinonecrotic colitis was commonly noted. 

Histologic changes include superficial to deep ulceration of the large (and less commonly) the small 
intestinal mucosa, expansion of the lamina propria by neutrophils and luminal accumulation of fibrin and 
cellular debris. The lesions were observed in pigs particularly during the post-weaning nursery phase of 
production. 

Antibiotic resistance is observed in this serotype (ASSuT). 
 
Genotypic and Phenotypic Characterization of Salmonella Enterica Serovar Dublin in Cattle.  
Milton Thomas1, Anil J. Thachil2, Sudeep Ghimire1, Amy Glaser2, Angela E. Pillatzki1, Russ Daly1, Eric 
A. Nelson1, Jane Christopher-Hennings1, Joy Scaria1 
1Veterinary and Biomedical Sciences, South Dakota State University;  
2Population Medicine and Diagnostic Sciences, Cornell University 

Salmonella enterica subsp.  enterica serovar Dublin predominantly infects cattle, however these 
organisms could infect other species of animals as well as humans. The objective of this study was to 
evaluate association between genomic features and phenotypic characters such as host tissue 
invasiveness, antibiotic sensitivity and acid tolerance for isolates from the USA. This study evaluated 
association between genomic features and phenotypic characters such as host tissue invasiveness, 
antibiotic sensitivity, and acid tolerance for isolates from the Northeast and Midwest regions of the U.S. 
There was no significant difference in cell invasiveness. All isolates could grow at a pH between 4 and 7. 
However, there was no clear correlation between cell invasiveness and ability to survive in an acidic 
environment. 



Antibiotic sensitivity testing revealed that isolates from the Midwest were only susceptible to 
fluoroquinolones and aminoglycoside classes. 
 
FAO/WHO Guidelines for the Control of Non-typhoidal Salmonella 
Jim Dickson, Iowa State University 
(Presented by Dr. Donna Kelly, University of Pennsylvania-New Bolton Center) 

The 2014 Codex Committee on Food Hygiene requested Food and Agriculture Organization (FAO), 
World Health Organization (WHO) to review of scientific literature and convene a meeting of experts to 
review proposed interventions for the control of non-typhoidal salmonella in pork and beef production to 
processing. It was to be determined which interventions were the most appropriate point(s) of application 
of intervention and decontamination treatments and to verify the efficacy of these interventions in terms of 
salmonella reduction.  FAO/WHO was requested to advise on the quantifiable level of reduction that the 
intervention achieves and on the appropriateness of these interventions to be included in the Codex 
guidelines of international food standards. 

• http://www.fao.org/fao-who-codexalimentarius/codex-home/en 

All possible interventions from primary production to the end of processing were investigated to 
control non-typhoidal salmonella in pork and beef.  Each commodity was considered separately.  An 
international public call for data on control measures for salmonella yielded a mass of hazard-based 
interventions.  Selected interventions must be a part of the overall meat hygiene program – Good 
Hygiene Practices. All interventions would be verified at the local establishment. 

Beef Conclusions: No hazard-based interventions were determined at primary production. Biosecurity 
contributes to general on-farm control of salmonella and other zoonotic food-borne pathogens but did not 
have significant evidence for the reduction of salmonella at processing.  Interventions included 
decontamination of hides with chemical washes (organic acids) post-exsanguination and pre-dehiding, 
and carcass decontamination after hide removal and pre-chilling with hot water, steam pasteurization at 
70C, or chemical washes.  

Pork Conclusions: Biosecurity even though considered good farming practices contributed a 
significant amount to the reduction of salmonella contamination on the carcass. It helps to keep negative 
herds negative and helps to reduce salmonella prevalence in finisher pigs on positive farms.  Pre-harvest 
salmonella reduction by on-farm hazard-based interventions include feed management (meal vs. pellets, 
acidification of feed), water management (acidification), and vaccination. These interventions need to be 
used in conjunction with other interventions along the chain.  If they were only used on-farm, then they 
had a limited effect on carcass salmonella reduction. Other interventions for salmonella reduction in pork 
processing include scalding and singeing to reduce carcass contamination, carcass decontamination after 
hide removal and pre-chilling with hot water, steam pasteurization at 70C, or chemical washes.   

Other acknowledged steps were identified for both beef and pork however these interventions lacked 
consistent and credible evidence as hazard specific interventions.  It was suggested that these steps 
remain as good hygiene practices (GHP’s) for production: Hygiene during slaughter transport and in 
lairage, hygiene during carcass dressing to minimize contamination, bunging to reduce fecal spillage at 
processing, carcass trimming and steam vacuuming to remove visible contamination, chilling to prevent 
growth of salmonella, practices in the chilling room to prevent cross-contamination, feed withdrawal to 
reduce intestinal rupture and spillage during dressing, hygiene during de-hairing and polishing to reduce 
cross- and re-contamination.  In small establishments with limited resources, full carcass steam 
vacuuming was determined to be a potential alternative to hot water washes. 

Interventions for packaging included irradiation for both beef and pork. Post-packaging steps for beef 
and pork were considered good hygiene practices and not point based interventions. These steps include 
cold chain management, application of hazard analysis and critical control points (HACCP) principles, and 
hygiene program prerequisites. 

 
Committee Business: 

No resolutions or recommendations were proposed. The Committee discussed the potential re-
organization of the USAHA Committee structure. It was determined that the Committee on Salmonella, if 
necessary to be restructured, fall within the newly proposed One Health Committee due to human, animal 
and environmental aspects of the disease. 


