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Abstract

Pet treats and pet food can be contaminated with Salmonella and other pathogens, though they are 

infrequently implicated as the source of human outbreaks. In 2013, the New Hampshire 

Department of Health and Human Services investigated a cluster of Salmonella Typhimurium 

infections associated with contaminated locally made pet treats. Case-patients were interviewed 

with standardized questionnaires to assess food, animal, and social histories. Laboratory and 

environmental investigations were conducted, including testing of clinical specimens, implicated 

product, and environmental swabs. Between June and October 2013, a total of 43 ill persons were 

identified. Sixteen patients (37%) were hospitalized. Among 43 case-patients interviewed, the 

proportion exposed to dogs (95%) and pet treats (69%) in the 7 days prior to illness was 

statistically higher than among participants in a U.S. population-based telephone survey (61%, p < 

0.0001 and 16%, p < 0.0001, respectively). On further interview, 38 (88%) reported exposure to 

Brand X Chicken Jerky, the maker of Brand X chicken jerky, or the facility in which it was made. 

Product testing isolated the outbreak strain from four of four Brand X Chicken Jerky samples, 

including an unopened package purchased at retail, opened packages collected from patient 

households, and unpackaged jerky obtained from the jerky maker. A site visit revealed inadequate 

processing of the chicken jerky, bare-hand contact with the finished product prior to packaging, 

and use of vacuum-sealed packaging, which may have enabled facultative anaerobic bacteria to 

proliferate. Seven (78%) of nine environmental swabs taken during the site visit also yielded the 

outbreak strain. Brand X Chicken Jerky was voluntarily recalled on September 9, 2013. 

Consumers should be made aware of the potential for locally made products to be exempt from 

regulation and for animals and animal food to carry pathogens that cause human illness, and be 

educated to perform hand hygiene after handling pet food or treats.
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Introduction

SALMONELLA IS A GRAM-NEGATIVE bacterium that can cause gastrointestinal illness in both 

humans and animals (Heymann, 2008). More than 43,000 cases are reported in the United 

States annually, though the actual burden of illness is estimated at > 1 million cases when 

accounting for under-reporting, and lack of diagnosis or laboratory confirmation (Scallan et 

al., 2011). Most human infections of Salmonella are caused by the ingestion of contaminated 

food; however, pets and pet foods are an increasingly recognized source of Salmonella and 

cause of Salmonella infections (FDA, n.d.; Sanchez et al., 2002; CDC, 2006; Finley et al., 

2006, 2008; Behravesh et al., 2010; KuKanich et al., 2011; Imanishi et al., 2014). 

Approximately 11% or 127,155 of the estimated annual Salmonella illnesses in the United 

States are thought to be attributable to animal contact (Hale et al., 2012). The proportion of 

illnesses specifically attributable to pet food and pet treats is unknown. Outbreaks 

implicating pet treats have been described; however, they are often small and geographically 

widespread (Clark et al., 2001; Pitout et al., 2003; CDC, 2006).

We describe a human outbreak of Salmonella enterica serotype Typhimurium (Salmonella 
Typhimurium) infections attributed to locally made, underprocessed chicken jerky pet treats. 

This outbreak investigation is noteworthy because it is the largest human outbreak of 

salmonellosis associated with pet treats reported in the literature. Timely patient interview, 

inspection of the production facility, and laboratory testing of specimens from retail, patient 

homes, and the production facility led to identification and recall ofthe contaminated product 

within 2 weeks of initiation of the outbreak investigation.

Materials and Methods

Outbreak detection

On August 20, 2013, the New Hampshire (NH) Department of Health and Human Services 

(DHHS) identified an increase in Salmonella Typhimurium cases with indistinguishable 

pulsed-field gel electrophoresis (PFGE) patterns by restriction enzymes Xbal 
(JPXX01.0302) and BlnI (JPXA26.0183). All isolates received in the NH Public Health 

Laboratories (PHL) routinely undergo PFGE and are submitted to PulseNet, a national 

molecular subtyping network that is used for foodborne disease surveillance. Because the 

PFGE patterns were common among Salmonella Typhi-murium, the initial eight isolates 

were sent to the U.S. Centers for Disease Control and Prevention (CDC) for further 

differentiation using multiple locus variable-number tandem repeat analysis (MLVA). On 

August 28, CDC confirmed the eight isolates were also indistinguishable by MLVA, 

suggesting that a local community outbreak was occurring. By August 30, the NH PHL 

identified 9 more patients with Salmonella Typhimurium Xbal pattern JPXX01.0302, 

bringing the total to 17 cases.

Case finding and investigation

A confirmed case was defined as isolation of the outbreak strain of Salmonella Typhimurium 

(Xbal/BlnI pattern JPXX01.0302/JPXA26.0183) from a person with illness onset between 

June 1,2013 and October 31,2013 and who either resided in or visited NH during the week 
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before illness onset. A probable case was defined as diarrhea (> 3 loose stools in 24 h) in 

any person with illness onset between June 1, 2013 and October 31, 2013 and self-reported 

exposure to the implicated product or epidemiologic link to a confirmed case.

Prior to recognition of the outbreak, all salmonellosis cases were interviewed with a routine 

standard enteric disease questionnaire. To further generate hypotheses about possible 

sources of the outbreak, 13 cases were re-interviewed with a standardized hypothesis-

generating questionnaire, which asked about > 200 potential exposures, including pets and 

pet food. Data from questionnaires were entered into a database and the frequencies of 

exposures among cases were compared to data for the general U.S. population collected by 

the CDC FoodNet program (CDC, n.d.). Frequencies, frequency comparisons, and 

corresponding binomial probabilities were calculated using SAS software (SAS Institute, 

Cary, NC). Upon identification of pet treats as a possible hypothesis for the outbreak’s 

source, administration of a pet treat–specific questionnaire was attempted for all cases.

Environmental investigation and traceback

Based on results of hypothesis-generating questionnaires, site visits to local pet food stores 

and farmers markets were conducted to identify locally made and distributed pet treats. 

Implicated product was purchased from stores, collected from patient households, and from 

the manufacturing facility. DHHS staff conducted a site visit and inspection of the facility 

where the implicated product was produced. The production process was reviewed and 

environmental swabs of equipment and surfaces along the production chain were collected. 

Receipts for raw chicken purchased and used to produce the chicken jerky pet treats were 

collected and provided to CDC and the U.S. Department of Agriculture Food Safety and 

Inspection Service to determine if the source chicken had been associated with other 

illnesses or outbreaks.

Laboratory testing

Stool specimens from ill individuals were collected by private healthcare providers and sent 

to clinical microbiology laboratories for analysis. Once identified, Salmonella isolates were 

submitted to the PHL for serotyping and PFGE, using protocols established by PulseNet 

(CDC, 2013). Product and environmental samples were also submitted to the PHL and were 

tested for pathogens using standard Food and Drug Administration (FDA) protocols 

(Andrews et al., 2011). Salmonella isolates obtained from these samples were sent to CDC 

for MLVA testing.

Results

Case finding and investigation

A total of 43 ill persons were identified from 6 different counties, with the majority of cases 

coming from Merrimack County (n = 23, 53%). Thirty-five patients met the confirmed case 

definition and eight were classified as probable cases (Fig. 1). One probable case-patient had 

a positive Salmonella Typhimurium laboratory result; however, the Xbal pattern was not 

indistinguishable from the outbreak strain. One confirmed case-patient was co-infected with 

Salmonella In-fantis Xbal JFXX01.0025; no other matches to this serotype-PFGE pattern 
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were identified in NH. MLVA was completed for 33 cases infected with the outbreak strain, 

and all were considered similar or indistinguishable. Twenty-eight cases (65%) were female 

and the median age of cases was 43 years (range: < 1–76). Sixteen patients (37%) were 

hospitalized.

Hypothesis-generating interviews revealed that 13 (93%) of the first 14 case-patients had 

exposure to dogs in the 7 days prior to illness onset and 76% had exposure to pet treats. No 

specific dog foods of interest were identified in interviews; however, common patterns 

emerged such as the purchase of “natural” and “organic” pet foods, and shopping at local pet 

stores and farmers markets rather than national chains. One case reported making homemade 

pet food and that the only pet food purchased outside the home was a chicken jerky product 

from a local pet store. A site visit to this store confirmed that the only chicken jerky sold was 

locally made (Brand X).

The pet-treat-specific questionnaire was administered to a total of 37 (86%) cases, 

representing 29 (83%) confirmed and 8 (100%) probable cases. However, all cases were 

reached for at least one interview: the initial enteric disease questionnaire, the hypothesis-

generating questionnaire, or the pet-treat-specific questionnaire (Table 1). Across all 

interviews, 41 (95%) cases reported exposure to a dog within the 7 days prior to illness, and 

27 (69%) reported exposure to any pet treats. Both proportions are statistically higher than 

the U.S. population, among which 61% of persons report exposure to dogs (p < 0.0001) and 

16% report exposure to pet treats (p < 0.0001) in the previous 7 days (CDC, n.d.) (Clark et 

al., 2001). Ultimately, 38 (88%) case-patients reported exposure to Brand X Chicken Jerky, 

and the majority (79%) were exposed to the product in their own homes. A high proportion 

of case-patients reported handling Brand X Chicken Jerky themselves (68%). Only 9% 

reported always washing their hands after handling pet treats. Seven case-patients (18%) 

reported gastrointestinal illness in a household dog in the 7 days prior to illness onset, 

though no stool cultures or other tests to identify Salmonella were performed on any ill 

dogs.

Environmental investigation and traceback

The chicken jerky pet treat was manufactured in a private home by Company A and all 

production activities took place in the residential kitchen and two nearby rooms. The product 

was sold beginning in January 2013 and was available for sale in 6 retail stores in NH. 

Because Company A only produced a single pet-food item (chicken jerky) containing a 

single ingredient and produced no human food, it was exempt from food licensing and 

routine food safety inspection by both DHHS and the NH Department of Agriculture, 

Markets, and Food (DAMF) (NHDHHS, n.d., 2012; NHDAMF, n.d.).

Site visit to the facility revealed that the manufacturer obtained raw, boneless chicken breasts 

from a warehouse club store, sliced the chicken to approximately ¼-inch slices using a meat 

slicer, and then dehydrated the strips for 34–36 h at 160°F (the maximum temperature 

setting for the dehydrator cabinets). Product temperatures were not taken during or after the 

dehydration process. Doneness of the jerky was determined by a subjective test whereby the 

manufacturer would break a piece of the chicken to see that it snapped. The manufacturer 

used an electronic scale to weigh the product into 8-ounce portions and a vacuum sealer to 
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package the finished product. Gloves were not used when handling the finished product and 

there were no protocols in place to wash, rinse, and sanitize food equipment. Traceback of 

the chicken used to make the chicken jerky did not identify a common source of raw chicken 

among NH cases or other cases with the same strain of Salmonella Typhimurium identified 

by PulseNet.

Product and environmental testing

DHHS collected two opened packages of Brand X Chicken Jerky from case-patient 

households, one unopened package from a pet store, and unpackaged finished product from 

the manufacturing facility. Nine environmental swabs were collected from along the 

production chain and results are listed in Table 2. All four jerky samples and seven of nine 

environmental samples yielded the outbreak strain of Salmonella Typhimurium, and were 

similar by MLVA. The only environmental samples not yielding Salmonella were the meat 

slicer and one of the dehydrator samples.

Product recall

On the basis of epidemiologic and traceback evidence, the manufacturer issued a voluntary 

recall of Brand X Chicken Jerky pet treats on September 9, 2013 and permanently ceased 

production. On September 10, DHHS issued a press release alerting the public to the 

outbreak and associated recall. Three additional case-patients became ill more than one 

incubation period after the recall, one of which was a household contact to a confirmed case.

Discussion

At the time of this report, this was the largest outbreak of Salmonella associated with pet 

treats identified in the United States. This outbreak was noteworthy in that, contrary to other 

outbreaks of pet food and pet treats (Pitout et al., 2003; Finley et al., 2008; Behravesh et al., 

2010; Clark et al., 2001; Imanishi et al, 2014), it was localized and infected a large number 

of humans despite small-scale production. Epidemiologic, laboratory, and environmental 

evidence implicated locally made Brand X Chicken Jerky pet treats. Only three additional 

cases occurred after a voluntary recall of this product. Isolation of the outbreak strain from 

unopened packages, opened packages from patient homes, unpackaged chicken jerky, and 

environmental swabs from the Company A facility all yielded the outbreak strain and 

suggested extensive contamination of this product and the environment in which it was 

produced.

Though pet treats are less commonly implicated as the cause of outbreaks, it is known that 

they can be contaminated with Salmonella and other pathogens (Sanchez et al., 2002; CDC, 

2006; Finley et al., 2006; KuKanich et al., 2011). In fact, the U.S. FDA’s first use of the 

mandatory recall authority granted by the 2011 Food Safety Modernization Act was for the 

recall of pet treats contaminated with Salmonella, though no human illness was ever 

identified (FDA, 2013). There have only been 3 published reports of human illness 

associated with pet treats, all occurring in the last 15 years. These outbreaks have involved 

some of the most common Salmonella serotypes (Newport, Infantis, Typhimurium), and it is 

possible that pet treats may be an under-recognized source of sporadic infections and 
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undetected outbreaks. In at least one of these outbreaks, caused by dehydrated beef and 

salmon pet treats, inadequate dehydration temperature was also a factor contributing to 

contamination (Clark et al., 2001; Pitout et al., 2003; CDC, 2006). These outbreaks raise the 

authors’ concerns about the regulation of pet treats, in particular locally made pet treats, for 

which the level of regulation can vary from state to state. In NH, pet treats containing only a 

single ingredient do not require registration, and no pet treats or feed require facility 

inspection or production process review (NHDAMF, n.d.).

Spread of illness in this outbreak likely occurred through direct contact with the 

contaminated product, contact with an ill or asymptomatic but infected dog, or contact with 

contaminated surfaces in the home or in the jerky manufacturing facility. The contribution of 

zoonotic exposure is unknown. Only 17% of cases reported a pet ill with gastroenteritis, 

though an infected dog can shed Salmonella intermittently in its feces for up to 6 weeks even 

if asymptomatic (Sanchez et al., 2002; Finley et al., 2006). One case-patient reported 

consuming the pet treats. The small percentage of cases reporting hand washing after 

handling pet treats suggests that direct contact to the contaminated treats was the most 

significant source of transmission. Though illnesses occurred throughout the summer, a 

majority of cases became ill in August (57%), which could suggest the pet treats were most 

heavily contaminated at that point in time.

Several observations made during inspection of the Company A manufacturing facility were 

identified as contributing factors to contamination of the chicken jerky with Salmonella. To 

kill Salmonella, raw animal foods should be cooked to an internal temperature of 165°F or 

above for 15 seconds (FDA, 2009). The temperature of the dehydrator was set only to 160°F, 

and no internal temperature verification was conducted during the cooking of the chicken; 

there was no evidence that the time and temperature needed to kill Salmonella was ever 

reached. The recovery of Salmonella from the environmental swabs of food contact surfaces 

in the manufacturing facility illustrate that these surfaces were not being adequately cleaned 

and sanitized. Among these surfaces were plastic bins used to store extra chicken jerky 

before packaging, which the manufacturer reported using bare hands to fill. It is likely that 

jerky from numerous batches comingled in the bins and if only one batch had been 

contaminated, it could have contaminated much of the chicken jerky produced by the 

facility. “Best if used by” dates were stamped on the Brand X Chicken Jerky retail 

packaging; however, it was not clear how this date was determined, and there were no 

product-rotation procedures. Finally, as Salmonella is a facultative anaerobe, if present on a 

product that has been vacuum-packed like the chicken jerky, the reduced oxygen state in the 

package would make conditions more favorable for its growth. Company A did not 

recognize conditions that may contribute to foodborne illness and take appropriate 

preventive and corrective actions. This was illustrated by lack of procedures to validate 

cooking time and temperatures, poor sanitization, and no food safety assessment for the 

process of making the chicken jerky.

In previous pet food and pet treat Salmonella outbreaks, pet food products were often found 

to be contaminated with multiple Salmonella serotypes (Finley et al., 2008; Behravesh et al., 

2010). Though only one Salmonella serotype was recovered from the jerky and the 

manufacturing environment in this instance, there were a number of MLVA patterns 
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recovered from the manufacturing facility environment, one case-patient was co-infected 

with Salmonella Infantis, and one case-patient had a PFGE pattern similar, but not exactly 

the same as the other patients.

In the United States, there has been increasing interest in locally sourced human and pet 

foods. From 2009 to 2013, the number of farmers’ markets in the United States increased by 

54% (from 5274 markets to 8144) (USDA, n.d.) and as of 2013, 42 states including NH had 

some type of “cottage food” or “homestead food” law. These laws allow in-home production 

of certain “non-hazardous” foods intended for sale, as opposed to requiring they be prepared 

in an inspected commercial kitchen (Condra et al., 2013). Many of these laws, including 

NH’s, have been passed in recent years (NHDHHS, 2012). Some of the drivers of the local 

food movement include perceptions of safer, more nutritious food, recalls of commercial 

human and pet foods (FDA, n.d.), support of the local economy and local agriculture, 

reduced environmental impact, and the avoidance of food containing preservatives or other 

additives. Not all of these perceived benefits have been scientifically documented, including 

that locally produced food is as safe as or safer than food produced elsewhere that is 

regulated for safety, and the benefits gained by local production may depend on the type and 

amount of food produced.

The increased interest and production of local foods creates a unique food safety issue that is 

highlighted by this outbreak. Though pet foods are regulated differently than foods intended 

for human consumption, many of the processing concerns identified in this outbreak would 

be safety concerns for home producers of even “nonhazardous foods” frequently allowed 

under homestead or cottage food laws (i.e., cross-contamination of ready-to-eat product, 

lack of glove use, gross environmental contamination, inadequate temperature control, 

improper packaging). This home-based company began production in response to worries 

about the safety of chicken jerky pet treats manufactured in China (FDA, 2012). Their 

product was marketed as a safe, natural, local alternative to commercially prepared pet 

treats, claiming food for pets should be as safe as food intended for humans. When 

increasing the scale of production of any product for sale to the public, there are inherent 

changes in food safety risk. Some of these risks cannot be mitigated in a home kitchen 

without significant investments in new or retrofitted equipment and changes to kitchen 

design. This outbreak demonstrates that local, small-scale food production operations can 

result in food safety vulnerabilities, when appropriate processing procedures are not 

followed. Food safety education for home producers could lessen these vulnerabilities.

Conclusions

This outbreak demonstrates that contaminated pet treats can be an efficient transmitter of 

Salmonella to humans. Consumers should be aware that locally made products, especially 

pet foods, may be exempt from food safety regulations and may not inherently be safer than 

other products, and that in general, animals and animal food can carry pathogens that cause 

human illness. To reduce risk of human illness caused by Salmonella, regulation and 

education of pet food manufacturers of any size to ensure basic knowledge of safe food-

processing practices, as well as education of consumers about the importance of hand 

hygiene after feeding pets or handling pet food or feces, could be considered.
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FIG. 1. 
Outbreak of Salmonella Typhimurium in New Hampshire, case-patient illness onset dates (n 
= 42), June–October 2013. Includes 35 confirmed and 7 probable cases. Onset date is 

missing for one probable case.
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Table 2.

OUTBREAK OF SALMONELLA TYPHIMURIUM IN NEW HAMPSHIRE: SUMMARY OF ENVIRONMENTAL TESTING RESULTS (N = 9)

Environmental swab location Salmonella Outbreak strain

Meat slicer (−) n/a

Inside dehydrator 1 (+) (+)

Inside dehydrator 2 (+) (+)

Dehydrator trays (−) n/a

Measuring bowl (+) (+)

Scale (+) (+)

Vacuum sealer (inside) (+) (+)

Plastic bin to store product (+) (+)

Kitchen sink drain (+) (+)

n/a, not applicable.
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