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Abstract

In the United States, multistate Salmonella outbreaks are most commonly linked to a food source; 

however, contact with live animals can also result in outbreaks of human illness. To characterize 

Salmonella outbreaks linked to animal contact and examine differences compared to foodborne 

outbreaks, we analysed data reported to the Centers for Disease Control and Prevention through 

the National Outbreak Reporting System (NORS) from 2009 to 2014 with a primary mode of 

transmission listed as “animal contact” or “food.” Four hundred and eighty-four outbreaks with 

animal contact or foodborne transmission were reported through NORS; of these outbreaks, 99 

(20.5%) resulted from Salmonella transmission through animal contact and 385 (79.5%) resulted 

from foodborne transmission, which resulted in 3,604 (19.8%) and 13,568 (80.2%) illnesses, 

respectively. A higher proportion of illnesses among children aged <1 year and children aged 1–4 

years were linked to animal contact outbreaks compared to foodborne outbreaks (15.2% vs. 1.4%, 

p < 0.01 and 24.5% vs. 5.6%, p < 0.01, respectively). Illnesses resulting in hospitalizations (OR: 

1.81, 95% CI: 1.62, 2.02) were more likely to be associated with animal contact compared to food. 

Animal contact outbreaks reported to NORS were more likely to be multistate compared to 

foodborne outbreaks (OR: 5.43, 95% CI: 3.37, 8.76) and had a longer median duration (99.0 days 

vs. 9.0 days, p < 0.01). Characterizing the differences between outbreaks of illness linked to 

animal contact and outbreaks linked to food provides useful information to investigators to 

improve public health response.
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1 | INTRODUCTION

Non-typhoidal Salmonella enterica infections cause an estimated 1.2 million gastrointestinal 

illnesses each year in the United States, resulting in approximately 19,000 hospitalizations 

and 390 deaths (Scallan et al., 2011). Most human infections result in self-limiting 

gastrointestinal symptoms that begin 12–72 hr after exposure and last <7 days (CDC, 2015). 

Most people do not need medical treatment to recover; however, young children (aged <5 

years), older adults (aged >65 years), and people with weakened immune systems are at risk 

of serious infection, which can lead to complications and possibly death (CDC, 2015). 

Salmonella infections tend to have a seasonal trend, with a higher frequency reported in the 

warmer months, peaking in the late summer (CDC, 2013). While the majority of Salmonella 
infections are considered sporadic, many Salmonella infections are identified as part of an 

outbreak and linked back to a specific source every year (CDC, 2014; Gould et al., 2013).

Salmonellosis is a nationally notifiable infectious disease in the United States, which means 

reporting of laboratory-confirmed infections to the state or local health department is 

mandated by legislation and regulation (CDC, 2015). Detection of multistate outbreaks of 

Salmonella infections is facilitated by PulseNet, the national molecular subtyping laboratory 

network for enteric disease surveillance, which uses pulsed-field gel electrophoresis and 

whole genome sequencing to identify clusters of illness that are investigated (Boxrud, 

Monson, Stiles, & Besser, 2010; Swaminathan, Barrett, Hunter, & Tauxe, 2001). After an 

outbreak investigation has been completed, data are voluntarily reported by state and local 

health departments through the Centers for Disease Control and Prevention (CDC) National 

Outbreak Reporting System (NORS) (Hall et al., 2013).

Although most salmonellosis outbreaks result from foodborne transmission, they can also 

result from contact with animals and animal environments. Non-typhoidal Salmonella 
infections transmitted through animal contact have been estimated to cause 11% of all 

salmonellosis annually (Hale et al., 2012; Hoelzer, Moreno Switt, & Wiedmann, 2011). 

Large multistate outbreaks have been linked to contact with animals, including live poultry, 

turtles, other reptiles, and small household pets (Basler et al.,; Hall et al., 2010; Harris, Neil, 

Behravesh, Sotir, & Angulo, 2010; Loharikar et al., 2012; Marsden-Haug et al., 2013; 

Mitchell et al., 2013). Differences between outbreaks linked to animal contact and outbreaks 

linked to food have been reported in the literature; however, no systematic analyses have 

been conducted to assess these differences using data collected at the national level (Basler 

et al.,; Hall et al., 2010). The initial questionnaire used to interview patients with Salmonella 
infections varies from state to state, as do the questions about various food and animal 

exposures. Identifying and understanding any differences between salmonellosis outbreaks 

linked to animal contact and food might help investigators solve outbreaks more quickly by 

focusing hypothesis-generating on more likely sources. This would allow earlier 

implementation of prevention efforts, perhaps resulting in fewer illnesses. Therefore, we 

compared characteristics of salmonellosis outbreaks linked to animal contact to those linked 

to food, with the intent of identifying pertinent differences and helping to guide investigation 

efforts when the mode of transmission is unknown.
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2 | MATERIAL S AND METHODS

We conducted this analysis using CDC NORS surveillance data and selected outbreaks 

based on the following inclusion criteria: first reported illness onset date occurred 1 January 

2009–31 December 2014; laboratory-confirmed etiology of S. enterica; and a primary mode 

of transmission indicated as either animal contact or food, as determined by the investigating 

health agency. Foodborne outbreaks were designated with either a confirmed or probable 

food vehicle. Only foodborne outbreaks with a confirmed food vehicle were included in this 

analysis. Animal contact outbreaks did not have a probable vehicle designation in NORS, so 

all animal contact outbreaks had a confirmed animal vehicle.

2.1 | Measures and definitions

For purposes of this analysis, a case was defined as illness in a person linked to an outbreak; 

outbreaks were defined using CDC NORS definitions (CDC, 2017). Outbreak size was 

calculated using the estimated number of primary illnesses, which included all laboratory-

confirmed and probable primary cases. Probable primary cases were defined as cases who 

were epi-linked to a laboratory-confirmed case or exposure, but do not have laboratory 

confirmation of infection. Secondary cases for each outbreak were defined as ill people 

without exposure to the implicated vehicle who became ill after contact with a primary case. 

Cases were classified by outbreak as confirmed or probable, and as primary or secondary, by 

the investigating health agency.

2.2 | Statistical methods

We calculated frequencies for demographic and outcome variables (hospitalizations, deaths, 

emergency room visits, and non-emergency room outpatient healthcare provider visits). If 

not reported, case counts for age categories and sex categories were recreated based on 

reported percentages and estimated primary ill. When age or sex was unknown, the data 

were considered missing for this analysis. We compared case counts per outbreak and 

duration of outbreak by outbreak type (animal contact vs. food outbreaks) using Wilcoxon 

rank-sum tests. We compiled the number of total outbreaks and percentage of total outbreaks 

for the top 15 most common Salmonella serotypes for animal contact and foodborne 

outbreaks. We used simple logistic regression to calculate odds ratios (ORs) and 95% 

confidence intervals (95% CIs) for age, sex, and outcome by outbreak type. All statistical 

analyses were performed using SAS 9.3.

3 | RESULTS

From 2009 to 2014, 99 Salmonella illness outbreaks with animal contact as the primary 

mode of transmission were reported to NORS. These outbreaks resulted in 3,604 estimated 

primary illnesses, 586 hospitalizations, and 6 deaths. In the same time period, 385 

Salmonella illness outbreaks linked to food were reported, resulting in 13,568 illnesses, 

1,616 hospitalizations, and 15 deaths (Table 1). Of all illnesses in this analysis, 20.5% 

resulted from animal contact. The majority of illnesses among young children aged <1 year 

and aged 1–4 years resulted from animal contact (72.7% and 51.7%, respectively; Figure 1). 

Patients aged <1 year (OR = 25.0; 95% CI: 20.2, 30.8), patients aged 1–4 years (OR = 10.0; 
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95% CI: 8.7, 11.6), and patients aged 5–9 years (OR = 5.48; 95% CI: 4.65, 6.46) had greater 

odds of being linked to animal contact outbreaks compared to those aged 20–49 years. 

Females were more likely than males to be linked to animal contact outbreaks than to 

foodborne outbreaks (OR = 1.22; 95% CI: 1.13, 1.32).

Patients in animal contact outbreaks had greater odds of hospitalization than patients in 

foodborne outbreaks (OR = 1.81; 95% CI: 1.62, 2.02). Patients linked to animal contact 

outbreaks also had higher odds of visiting an emergency room (OR = 1.58; 95% CI: 1.14, 

2.18) or visiting an outpatient healthcare provider (OR = 2.67; 95% CI: 2.07, 3.43) than 

patients in foodborne outbreaks; however, a large percentage of data was missing for both 

variables among patients in both outbreak types. We did not observe a significant difference 

in the proportion of deaths comparing animal contact and foodborne outbreaks (0.2% vs. 

0.2%, Fisher’s exact test, p = 0.14).

The estimated number of primary illnesses for animal contact outbreaks (median = 10 cases 

per outbreak) was not significantly different from foodborne outbreaks (median = 14 cases 

per outbreak; p = 0.24; Table 2). The duration of animal contact outbreaks (median = 99.0 

days) was significantly longer than foodborne outbreaks (median = 9.0 days, p < 0.01). 

Multistate exposure was more common among animal contact outbreaks compared to 

foodborne outbreaks (OR = 5.43; 95% CI: 3.37–8.76; Table 2). Animal contact outbreaks 

occurred sporadically, with multiple peaks throughout the year. The highest frequency of 

outbreaks occurred in the early spring, likely as a result of the number of human 

salmonellosis outbreaks linked to live poultry. Foodborne outbreaks peaked during the mid-

summer months (Figure 2). The most common Salmonella serotypes seen in animal contact 

outbreaks were Typhimurium, I 4,[5],12:i:-, and Montevideo. The most common Salmonella 
serotypes seen in foodborne outbreaks were Enteritidis, Typhimurium, and Newport (Table 

3).

4 | DISCUSSION

This is the first analysis of NORS data collected at the national level to compare 

characteristics of animal contact and foodborne outbreaks; significant differences between 

outbreak types were observed in this analysis. Although the overall proportion of illnesses 

resulting from animal contact was smaller than those resulting from food, a higher 

proportion of illnesses in children aged <5 years resulted from animal contact. These 

findings are consistent with previous observations in the literature, and past outbreak reports 

indicating young children are disproportionately affected by Salmonella illness outbreaks 

linked to animal contact (Basler et al., 2015; Basler et al., 2014; J. Hall et al., 2010; Harris et 

al., 2010; Hoelzer et al., 2011; Levy et al., 1999; Loharikar et al., 2012; Whitten, Bender, 

Smith, Leano, & Scheftel, 2015). Patients linked to animal contact had greater odds of 

hospitalization compared to foodborne outbreaks. This might indicate that illnesses linked to 

animal contact have the potential to be more severe or that healthcare utilization differs for 

illnesses linked to animal contact-related outbreaks.

Animal contact outbreaks in this analysis were more likely to be longer in duration and more 

likely to occur across multiple states compared to foodborne outbreaks. This is an important 
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distinction as outbreaks of longer duration might require more staff time and resources. The 

full range of duration for animal contact outbreaks included a minimum of 2.0 days to a 

maximum of 862.0 days, while the full range of duration for food outbreaks was from 1.0 to 

428.0 days. Although animal contact outbreaks can be point source in nature, such as an 

exposure at a petting zoo or other animal-related event, animal contact outbreaks have also 

been linked to pets and animals that are widely distributed through commercial channels. In 

animal contact outbreaks, especially those linked to commercially distributed animals or 

pets, longer outbreak duration might result from animals shedding Salmonella bacteria 

intermittently, which can contaminate their environments or expose people long after the 

animal has been purchased or acquired (Hoelzer et al., 2011). Unless an affected food is 

shelf-stable, foodborne outbreaks are often shorter in duration because the entirety of the 

affected food is consumed over a short period of time, or because foodborne outbreaks might 

be associated with perishable items, such as fresh produce. Additionally, while recalls can be 

issued for contaminated food products, which can reduce exposure (and presumably overall 

outbreak) duration, the same cannot be done for animals or pets that people have purchased.

There were limitations to this analysis. First, outbreaks are voluntarily reported to NORS by 

state and local health departments, and reporting practices vary by state. Thus, 

underreporting might have influenced the number of total animal contact and food 

outbreaks, as well as the number of illnesses included in this analysis. Additionally, 

reporting health agencies can edit or delete reports through the NORS platform at any time, 

and the current analyses may not reflect future report revision. Second, incomplete reports 

and missing data for demographic variables were common in the dataset. Data were imputed 

using known information and categorizing missing data as unknown, which might not 

accurately represent demographics of illnesses with unknown data. Additionally, although 

the differences in sex were statistically significant, the effect size was small and might be of 

little practical significance. Hospitalizations, deaths, emergency room visits, and outpatient 

healthcare provider visits were analysed based on number of illnesses with information 

available, which might have led to an overestimated proportion of outcomes. A higher 

proportion of hospitalization, emergency room visit, and outpatient healthcare provider visit 

data were missing for animal contact outbreaks, which might contribute to an overestimated 

proportion of illnesses with each outcome. For emergency room visits, the percentage of 

missing data for animal contact outbreaks and food outbreaks was 94.4 and 61.9, 

respectively. Outpatient healthcare provider visit percentages missing were also high, at 

92.4% for animal contact outbreaks and 55.0% for food outbreaks. Many variables (e.g. age, 

gender, and clinical outcomes) were available only at an aggregate outbreak level; therefore, 

no multivariable analysis could be conducted. Finally, only foodborne outbreaks with a 

confirmed food vehicle were included in this analysis, so this analysis might not be 

representative of all foodborne outbreaks reported to NORS. Some foodborne outbreaks in 

NORS are reported as having a probable vehicle rather than a confirmed vehicle; however, 

the categorization of animal contact outbreaks as probable is not an option for reporting in 

NORS at this time. Therefore, this analysis of outbreaks with a confirmed vehicle might be 

more representative for animal contact outbreaks than for foodborne outbreaks.

Characterizing the differences between outbreaks of illness linked to animal contact and 

outbreaks linked to food provides useful information to investigators to improve public 
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health response. Although Salmonella illness outbreaks linked to animal contact account for 

a small proportion of all Salmonella infections annually, they disproportionately affect 

young children and result in more adverse outcomes compared to foodborne outbreaks. 

Investigating health agencies should ensure that detailed questions about animal contact are 

asked of patients in outbreaks of salmonellosis, especially when the demographics and 

outbreak characteristics are consistent with the findings of this report. It is important to 

quickly and efficiently identify animal contact illness outbreaks, investigate sources of 

infections, and implement control measures to reduce the burden of disease and prevent 

adverse outcomes.
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Impacts

• Outbreaks of Salmonella enterica infections from 2009 to 2014 linked to 

animal contact were significantly more likely to impact young children (aged 

<5 years) than food outbreaks.

• Salmonellosis outbreaks linked to animal contact from 2009 to 2014 resulted 

in more hospitalizations com- pared to food outbreaks.

• Prompt identification, investigation, and implementation of control measures 

are critical to reducing the number of illnesses and decreasing adverse 

outcomes during salmonellosis outbreaks linked to animal contact.
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FIGURE 1. 
Per cent of total illnesses in each age group by primary mode of transmission—National 

Outbreak Reporting System, United States, 2009–2014
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FIGURE 2. 
Month of outbreak onset by primary mode of transmission—National Outbreak Reporting 

System, United States, 2009–2014
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TABLE 3

Top 15 most commonly reported Salmonella enterica serotypes: number and percentage of all outbreaks, by 

primary mode of transmission—National Outbreak Reporting System, United States, 2009–2014

Animal contact outbreaks Foodborne outbreaks

Serotype No. % Serotype No. %

1. Typhimurium 26 23.0 1. Enteritidis 101 24.4

2. I 4,[5],12:i:- 10 8.8 2. Typhimurium 57 13.8

3. Montevideo 8 7.1 3. Newport 36 8.7

4. Infantis 7 6.2 4. Heidelberg 30 7.2

5. Hadar 6 5.3 5. I 4,[5],12:i:- 19 4.6

6. Sandiego 6 5.3 6. Javiana 19 4.6

7. Enteritidis 5 4.4 7. Infantis 14 3.4

8. Pomona 5 4.4 8. Braenderup 13 3.1

9. Braenderup 4 3.5 9. Montevideo 11 2.7

10. Johannesburg 4 3.5 10. Saintpaul 9 2.2

11. Newport 4 3.5 11. Uganda 8 1.9

12. Paratyphi B 4 3.5 12. Mbandaka 7 1.7

13. Poona 4 3.5 13. Muenchen 7 1.7

14. Muenchen 3 2.6 14. Thompson 7 1.7

15. Thompson 3 2.6 15. Typhimurium var Cope 7 1.7
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