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To estimate the burden of reptile- and amphibian-associated Salmonella infections, we conducted 2 case-

control studies of human salmonellosis occurring during 1996–1997. The studies took place at 5 Foodborne

Diseases Active Surveillance Network (FoodNet) surveillance areas: all of Minnesota and Oregon and selected

counties in California, Connecticut, and Georgia. The first study included 463 patients with serogroup B or

D Salmonella infection and 7618 population-based controls. The second study involved 38 patients with non–

serogroup B or D Salmonella infection and 1429 controls from California only. Patients and controls were

interviewed about contact with reptiles and amphibians. Reptile and amphibian contact was associated both

with infection with serogroup B or D Salmonella (multivariable odds ratio [OR], 1.6; 95% confidence interval

[CI], 1.1–2.2; ) and with infection with non–serogroup B or D Salmonella (OR, 4.2; CI, 1.8–9.7;P ! .009 P !

). The population attributable fraction for reptile or amphibian contact was 6% for all sporadic Salmonella.001

infections and 11% among persons !21 years old. These data suggest that reptile and amphibian exposure is

associated with ∼74,000 Salmonella infections annually in the United States.

Approximately 1.4 million human Salmonella infections

and an estimated 600 associated deaths occur each year

in the United States [1]. Although infection with non-

typhoidal Salmonella usually causes self-limited diar-

rheal illness, serious sequelae, including meningitis,

sepsis, and death may occur, especially among infants,

elderly persons, and immunocompromised persons [2–

5]. Most infections are caused by the consumption of

contaminated meat, poultry, or eggs [6, 7]. However,

investigations of outbreaks [8, 9] and sporadic infec-

tions [10–12] have revealed cases of salmonellosis that
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occurred after direct or indirect contact with reptiles.

Reptile-associated Salmonella infections are more likely

to be associated with invasive disease [13], more com-

monly lead to hospitalization [14], and more frequently

involve infants [15] than do other Salmonella

infections.

Salmonellae are divided into 60 serogroups and

12300 serotypes [16]. Except for characterizing clinical

aspects of a few serotypes, such as Salmonella enterica

serotype Typhi, serogrouping and serotyping are mainly

used as public health tools to recognize outbreaks and

identify and control sources of infection. Salmonellae

from serogroups B and D account for approximately

two-thirds of all reported Salmonella infections and in-

clude the 2 most common serotypes, S. enterica serotype

Enteritidis and S. enterica serotype Typhimurium,

which together cause approximately one-half of all hu-

man infections in the United States.

Salmonellae are naturally found in the gastrointes-

tinal tract of reptiles (e.g., lizards, snakes, and turtles)

and amphibians (e.g., frogs and newts) [17–27]. Of all
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Salmonella serotypes, 40% have been cultured predominantly

from reptiles and are rarely found in other animals or humans.

Human infections with these serotypes frequently indicate a

reptile source [14]. However, !1% of human Salmonella in-

fections are caused by these “reptile-associated” serotypes [13].

Neither the extent to which reptiles are also the source of hu-

man Salmonella infections by more common serotypes nor the

possibility that amphibians as well as reptiles can cause human

salmonellosis have been examined. We therefore conducted 2

population-based, case-control studies of nontyphoidal Sal-

monella infection in the United States to investigate whether

reptiles and amphibians spread serotypes commonly found in

human infections (serogroup B or D Salmonella) as well as less

common serotypes (non–serogroup B or D Salmonella that

include “reptile-associated” serotypes). We used data collected

in these studies to estimate the burden of reptile- and am-

phibian-associated salmonellosis in the United States.

METHODS

The Foodborne Diseases Active Surveillance Network (Food-

Net). FoodNet is a collaborative effort among the Centers

for Disease Control and Prevention (CDC), selected state health

departments, the US Department of Agriculture, and the US

Food and Drug Administration [28]. FoodNet conducts active,

population-based surveillance for laboratory-confirmed ill-

nesses caused by infection with primarily foodborne pathogens.

For that surveillance, public health officials regularly contact

all microbiology laboratories that test stool samples in selected

sites in the country. For this study, we reviewed data from

laboratories throughout Minnesota and Oregon and in specific

counties in California (San Francisco and Alameda), Con-

necticut (Hartford and New Haven), and Georgia (Cobb, Clay-

ton, Douglas, Dekalb, Fulton, Gwinnett, Rockdale, and New-

ton). All 263 laboratories that were identified as serving the

catchment areas participated in the study, covering an estimated

population of 14,281,096 (5.4% of the estimated US population

in 1996) [29].

Case selection. From 1 May 1996 through 30 April 1997,

for California, Connecticut, and Minnesota, and from 1 August

1996 through 31 July 1997, for Georgia and Oregon, we iden-

tified all patients with culture-confirmed Salmonella infection.

Patients infected with nontyphoidal serogroup B or D Sal-

monella were eligible for the main case-control study if they

resided in participating catchment areas, had culture-confirmed

illness, reported having diarrhea (defined as �3 loose stools in

a 24-h period), could remember the date of onset for their

diarrhea, had diarrhea onset �10 days before their stool sample

was collected, spoke English, and were reachable in !16 tele-

phone attempts. Patients were excluded if their infection had

been associated with an outbreak for which a vehicle had been

clearly identified by the local or state health department or if

the onset of their illness was �28 days after the onset of another

culture-confirmed case in the same household. In Minnesota,

1 of every 2 patients with salmonellosis was considered to be

potentially eligible. Within 21 days of specimen collection, we

administered a standardized questionnaire to patients concern-

ing their demographic data, the clinical course of their illness,

preexisting illnesses, diet, travel history, and contact with rep-

tiles or amphibians during the 5 days before illness onset. If

the patient was !12 years of age, the questionnaire was ad-

ministered to an adult member of the household. Permission

from a parent or guardian was obtained prior to speaking with

a case or control patient 12–18 years of age. We obtained in-

formed consent from participants and conducted research in

accordance with guidelines for human experimentation as spec-

ified by the US Department of Health and Human Services.

Patients with Salmonella infection due to serogroups other

than B or D in the California site (Alameda and San Francisco

counties) were contacted by telephone and administered the

same 4 questions regarding reptile and amphibian exposure

included in the questionnaire administered to patients with

group B or D Salmonella infection. The 4 questions were as

follow: (1) “In the five days before illness onset, were there any

reptiles (such as snakes, turtles, iguanas, or other lizards) or

any amphibians (such as frogs or salamanders) in your house?”

(2) If so, “What types of reptiles or amphibians?” (3) “Did you

visit a place (such as a school, pet store, or another home)

where there was a reptile?” (4) “In those five days, did you

touch a reptile?”

Control selection. We obtained population-based controls

from the 5 sites by random-digit dialing using a sample design

that results in more frequent calls to telephone bank strata with

a higher probability of contacting a residential household [30].

During analysis, we accounted for differential probabilities of

selection by adjusting for population characteristics of different

strata. Our goal was to enroll 150 persons per month in each

site. This selection method allowed us to enroll a representative

selection of households in the FoodNet surveillance areas (also

known as “FoodNet sites”), as well as to reliably estimate the

incidence of diarrhea, associated health care–seeking practices,

and population food-consumption patterns—additional inter-

ests of the study committee. We excluded non–English-speaking

persons and respondents who reported having diarrhea within

the 4 weeks before the interview.

Data analysis. We entered data into a computer using

EpiInfo computer software, version 6.02 (CDC). We weighted

data for controls using 1995 intercensal population estimates

(SUDAAN, version 7.0) by their probability of selection based

on household size and age- and sex-distributions within each

FoodNet site. We then performed univariate and logistic re-

gression analysis using SAS computer software, version 6.12
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Table 1. Association between serogroup B or D Salmonella infection and potential risk factors.

Potential risk factora
No. of

cases/total (%)

Weighted
percentage
of controlsb

Univariate OR
(95% CI)

Multivariate OR
(95% CI)c P

PAF, %
(95% CI)d

Any reptile or amphibian contacte 43/453 (9) 5 1.8 (1.3–2.5) 1.6 (1.1–2.2) .009 3.4 (1.0–5.1)

Reptile or amphibian in home

All 33/460 (7) 4 2.1 (1.5–3.0) 1.6 (1.1–2.4) .01 2.8 (0.8–4.2)

Snake 9/452 (2) 1 2.7 (1.4–5.0) 1.6 (0.8–3.2) .2 …

Turtle 6/454 (1) 1 1.5 (0.7–3.3) 0.8 (0.4–1.8) .6 …

Iguana 3/451 (1) 1 1.1 (0.4–3.4) 0.4 (0.1–1.4) .1 …

Non-iguana lizard 12/453 (3) 1 5.2 (3.1–8.7) 2.7 (1.5–5.0) .001 …

Amphibian 12/454 (3) 1 1.9 (1.1–3.3) 1.6 (0.9–2.8) .1 …

Touched reptile 23/453 (5) 3 1.7 (1.1–2.5) 1.6 (1.0–2.4) .04 1.8 (0.1–3.0)

Visited place with reptile 43/456 (9) 8 1.1 (0.8–1.6) 0.9 (0.7–1.3)d .7 …

Chronic, non-diarrheal illness 85/441 (19) 11 1.9 (1.5–2.3) 2.5 (1.9–3.2) !.001 11.5 (9.3–13.2)

International travel 48/462 (10) 2 7.3 (5.7–9.4) 8.4 (6.1–11.5) !.001 9.2 (8.7–9.5)

Ate pink hamburger in restaurant 14/392 (4) 2 1.7 (1.0–2.9) 1.3 (0.8–2.3) .3 …

Ate eggs in restaurant 109/430 (25) 17 1.6 (1.3–2.0) 1.6 (1.2–1.9) !.001 9.1 (5.0–12.3)

a Demographic factors associated with increased risk for Salmonella infection on multivariable analysis were female sex (OR, 1.2; 95% CI, 1.0–
1.5), household income !$15,000 per year (OR, 1.6; 95% CI, 1.2–2.1), age (OR, 1.25; 95% CI, 1.2–1.3, for every 10 year decrease in age), season,
and site. Potential risk factors not associated ( ) with increased risk for Salmonella infection on univariate analysis were consuming alfalfa sprouts,P 1 .05
tomatoes, cantaloupe, apple cider, meat, poultry, hamburger at home, pink hamburger at home, ground beef, steak, roast beef, sausage, hot dogs,
turkey, chicken, eggs, eggs at home, and runny eggs at home, and having a known immunosuppressive illness. PAF, population-attributable fraction.

b Weighting based on 7618 population-based controls.
c Controlling for age, sex, site, season, income, and other risk factors included in the final model.
d Calculated only for major risk factors associated with illness ( ).P ! .05
e Reptile or amphibian in home or touched reptile.

(SAS Institute). All risk factors associated with serogroup B or

D Salmonella infection ( ) in univariate analysis wereP ! .05

available for inclusion in a multivariable model. For analyses

involving non–serogroup B or D Salmonella infections, only

information on patients’ age and sex was available and included

in the multivariable model. Risks measured by multiple vari-

ables (e.g., reptile exposure in the home and touching a reptile)

and those associated with exposure to specific types of reptiles

were entered into separate multivariable models to avoid mul-

ticollinearity. To select variables for the final logistic regression

model, we used a forward regression strategy, and to assess

potential collinearity among covariates in the regression mod-

els, we used a matrix of Kendal’s Tau correlation coefficients.

Interaction was assessed by comparing �2 log likelihood values

for the reduced and full models.

We calculated the population attributable fraction (PAF) for

risk factors using adjusted ORs and the proportion of cases

exposed to the risk factor [31]. Ninety-five percent CIs were

computed for model-adjusted exposure-specific attributable

fractions using variance estimators described by Greenland

[32]. To assess the robustness of PAF estimates, we calculated

the PAF for reptile and amphibian contact using a variety of

models including and excluding demographic variables and risk

factors known to be associated with Salmonella infection from

outbreaks. These risk factors included age, sex, income, season,

international travel, chronic illness, and consumption of eggs,

poultry, meat, alfalfa sprouts, tomatoes, cantaloupe, and apple

cider. Estimates of the annual number and percentage of reptile-

and amphibian-associated cases were adjusted for the exclusion

of outbreak-associated cases by subtracting the proportion of

all reported cases associated with outbreaks from the estimated

number of annual Salmonella infections and conservatively as-

suming that reptiles and amphibians were associated with no

outbreaks. All P are 2-tailed.

RESULTS

Active surveillance. During the study period, 2157 cases of

salmonellosis were ascertained. Serogrouping was performed

on isolates from 2056 infected persons (93%); 1465 (73%) of

these isolates were serogroup B or D. The incidence of culture-

confirmed group B or D Salmonella infection in the FoodNet

catchment area was 9.5 cases per 100,000 persons and varied

by state, ranging from 7.2 cases per 100,000 persons in Oregon

to 13.9 cases per 100,000 persons in Connecticut. Of the 1446

patients (98.7%) whose treatment information was available,

325 (22%) were hospitalized; of the 1416 (97%) with mortality

data, 10 (0.7%) died. Omitting patients excluded by the selec-

tion algorithm in Minnesota, we found that 1226 patients were

potential case subjects for the study.
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Table 2. Multivariable analysis of association between serogroup B or D Salmonella infection and
potential risk factors among persons aged !21 years.

Potential risk factor
No. of

cases/total (%)

Weighted
percentage
of controlsa OR (95% CI) P

PAF, %
(95% CI)b

Any reptile or amphibian contactc 33/206 (16) 9 2.4 (1.6–3.5) !.001 9.5 (6.2–11.6)

Reptile or amphibian in home

All 25/212 (12) 6 2.5 (1.6–3.9) !.001 7.0 (4.3–9.1)

Amphibian 9/208 (4) 3 2.9 (1.5–5.8) .002 …

Snake 7/206 (3) 1 3.5 (1.5–8.1) .004 …

Non-iguana lizard 7/208 (3) 1 4.1 (1.8–9.5) !.001 …

Iguana 2/206 (1) 1 0.4 (0.1–2.8) .4 …

Turtle 4/208 (2) 1 1.2 (0.4–3.2) .7 …

Touched reptile 18/206 (9) 6 2.3 (1.4–3.8) !.001 5.3 (3.1–6.7)

NOTE. Analysis controlled for age, sex, site, season, income, chronic illness, international travel, and egg consumption.
PAF, population-attributable fraction.

a Weighting based on 1550 population-based controls.
b Calculated only for major risk factors associated with illness ( ).P ! .05
c Reptile or amphibian in home or touched reptile.

Table 3. Association between non–serogroup B or D Salmonella infection and potential risk factors among
infected persons from the San Francisco Bay area.

Potential risk factor
No. of

cases/total (%)

Weighted
percentage
of controlsa

Multivariable OR
(95% CI) P

PAF, %
(95% CI)b

Any reptile or amphibian contactc 7/35 (20) 4 4.2 (1.8–9.7) !.001 15.2 (8.8–17.9)

Reptile in home

All 6/38 (16) 3 3.9 (1.6–9.5) .002 11.8 (6.1–14.1)

Amphibian 2/36 (6) 1 6.3 (1.5–27.2) .01 …

Snake 0/36 (0) 1 …d … …

Non-iguana lizard 3/37 (8) 1 6.5 (1.9–21.4) .002 …

Iguana 3/37 (8) 1 19.8 (6.0–64.9) !.001 …

Turtle 2/37 (5) 1 3.1 (0.7–13.1) .1 …

Touched reptile 2/32 (6) 2 3.1 (0.7–12.9) .1 …

NOTE. Analysis controlled for age and sex. PAF, population-attributable fraction.
a Weighting based on 1429 population-based controls.
b Calculated only for major risk factors associated with illness ( ).P ! .05
c Reptile or amphibian in home or touched reptile.
d Not calculable due to lack of convergence of multivariable logistic regression model.

Case-control study. Of these potential case subjects, 687

(56%) were interviewed. The primary reasons for not being

interviewed were not being reachable by telephone (32%), not

being interviewed �21 days from sample collection (26%), and

being part of an outbreak (7%). Of the 687 patients who were

interviewed, 463 (67%) were included in the study. The primary

reasons for the 224 interviewed patients not meeting inclusion

criteria were that 90 (40%) reported no diarrhea or did not

remember the date of onset of diarrhea, 58 (26%) reported the

onset of diarrhea 110 days before a stool sample was obtained,

and 63 (28%) lived in a household with another person with

a culture-confirmed case of Salmonella infection. Only 21 eli-

gible patients (3%) who were contacted refused to participate.

There were 7618 controls included in the study.

Using univariate analysis, we found that persons with Sal-

monella infection were more likely than controls to report hav-

ing a reptile or amphibian in their home (7% vs. 4%; OR, 2.1;

95% CI, 1.5–3.0) or touching a reptile (5% vs. 3%; OR, 1.7;

95% CI, 1.1–2.5) (table 1). Salmonella infection was specifically

associated with having a snake, non-iguana lizard, or amphibian

in the home, but not with having a turtle or iguana. Illness

was associated with “any reptile or amphibian contact,” a com-

bination variable of having a reptile or amphibian in the home

or touching a reptile (9% vs. 5%; OR, 1.8; 95% CI, 1.3–2.5).
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Table 4. Recommendations for preventing transmission of Salmonella from rep-
tiles and amphibians to humans.

Pet store owners, health care practitioners, and veterinarians should provide infor-
mation to owners and potential purchasers of reptiles and amphibians about the
risk of acquiring salmonellosis from their pets.

Persons should always wash their hands with soap and water after handling reptiles
and amphibians or their cages.

Persons at increased risk for infection with serious complications from salmonellosis
(e.g., children !5 years old and immunocompromised persons) should avoid con-
tact with reptiles and amphibians.

Reptiles and amphibians should be kept out of households containing children !5
years old or immunocompromised persons; families expecting a new child should
give their pet reptiles and amphibians away before the infant arrives.

Reptiles and amphibians should not be kept in child-care centers.

Reptiles and amphibians should not be allowed to roam freely throughout the house.

Reptiles and amphibians should be kept out of kitchens and other food preparation
areas to prevent contamination; kitchen sinks should not be used to bathe pets or
to wash their dishes, cages, or aquariums; if bathtubs are used for these pur-
poses, they should be thoroughly cleaned afterwards.

Serogroup B or D Salmonella infection was also associated with

international travel, having a chronic illness, eating pink ham-

burger in a restaurant, and eating eggs in a restaurant.

Using multivariable analysis, we found that patients with

serogroup B or D Salmonella infection were significantly more

likely than controls to be younger, to be female, and to report

a household income of �$15,000 per year. Reptile or amphib-

ian contact remained significantly associated with infection,

with a PAF of 3%. Age was an effect modifier of the association

between Salmonella infection and reptile or amphibian contact;

the association was strongest for persons under the age of 21

years (OR, 2.4; 95% CI, 1.6–3.5). The association was significant

and of similar magnitude for persons !11 years old and those

11–20 years old. Illness among all persons ! 21 years old was

associated specifically with having a snake, non-iguana lizard,

or amphibian in the home (table 2). The PAF for reptile or

amphibian contact in this age group was 9.5% (95% CI, 6.2%–

12%), the highest for any risk factor associated with illness (the

next highest being 8% for having a chronic illness, 7% for eating

eggs in a restaurant, and 5% for international travel).

Reptile or amphibian contact was associated with infection

even when we restricted our analysis to patients infected with

S. Enteritidis and S. Typhimurium (OR, 1.5; 95% CI, 1.0–2.3).

However, this association was not statistically significant on

multivariable analysis (OR, 1.4; 95% CI, 0.9–2.0).

Infection with non–serogroup B or D Salmonella. One

hundred forty-one cases of non–serogroup B or D Salmonella

infection were reported from the San Francisco Bay area. Fifty-

three (38%) of these infections were associated with an out-

break of S. enterica serotype Montevideo and S. enterica se-

rotype Meleagridis infections caused by the consumption of

contaminated alfalfa sprouts. Answers to survey questions by

38 (43%) of the remaining cases and 1429 controls indicated

that persons with non–serogroup B or D Salmonella infection

more frequently reported reptile or amphibian contact than

controls did (20% vs. 4%; OR, 4.2 [95% CI, 1.8–9.7]; PAF,

15.2% [95% CI, 8.8%–17.9%]) (table 3). In addition, illness

was independently associated with having an amphibian,

iguana, or non-iguana lizard in the home. For patients !21

years old, the PAF for reptile or amphibian contact was 23%.

Annual incidence of reptile- and amphibian-associated

cases. Data from FoodNet indicate that an estimated 1.41

million cases of Salmonella infection occurred in the United

States during the 1-year study period [1]. This is comparable

with estimates made in 1987 of between 800,000 and 3.7 million

annual Salmonella infections [33]. Serogroup B and serogroup

D Salmonella constituted 72% of the Salmonella infections re-

ported to FoodNet. The PAF for reptile or amphibian exposure

among cases with serogroup B or D Salmonella infection was

3%, and that for those with non–serogroup B or D Salmonella

infection was 15%; for patients !21 years old, the PAFs for

reptile and amphibian contact were 9.5% and 23%, respectively.

Assuming site homogeneity, we combined these estimates based

on the proportion of Salmonella infections that was serogroup

B or D and the proportion that was non–serogroup B or D in

FoodNet sites. Our analysis of these combined estimates again

indicated that reptile and amphibian contact was associated

with 6% of all sporadic Salmonella infections and 11% of spo-

radic Salmonella infections among persons !21 years of age.

Of all Salmonella infections in the study, 88% were not asso-

ciated with known outbreaks, suggesting that ∼74,000 Salmo-

nella infections (6% of 1.24 million non–outbreak-associated

cases) may be associated with reptile and amphibian exposure

in the United States annually.
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DISCUSSION

During the 1996–1997 study period, we estimated that 74,000

Salmonella infections in the United States were associated with

reptile or amphibian contact. Salmonella infection was inde-

pendently associated with both touching a reptile and having

a reptile or amphibian in the home. Previous reports have

shown that direct reptile contact is not necessary for trans-

mission of Salmonella; in one case series of infections with an

iguana-associated serotype, only 14% of cases had direct reptile

contact [15]. Other reports have also described infection from

indirect contact such as visiting a babysitter who owned igua-

nas, cleaning an iguana’s cage, sucking on pebbles from a

turtle’s aquarium, sharing a hospital room with a patient whose

mother owned a monitor lizard, and being handled by a parent

who owned black rat snakes [9, 10, 34–36].

The exact means of transmission for Salmonella may vary

for different types of reptiles and amphibians. Lizards are fre-

quently allowed to roam around the house, potentially con-

taminating objects such as rugs, table-tops, and furniture that

are later touched by residents or have food prepared upon them.

Salmonella survives well in the environment; it has been isolated

from dried reptile stool in cages 6 months after removal of the

reptile [37] and from aquarium water 6 weeks after removal

of a turtle [34]. This survivability allows Salmonella to be trans-

mitted by environmental surfaces well after a reptile has been

returned to its cage. Although snakes are unlikely to be let free

in the home, they are frequently handled, potentially contam-

inating the hands, arm, and neck of owners. Caregivers who

have touched reptiles have accidentally infected infants by al-

lowing them to suck on the caregivers’ fingers [38]. Turtles and

amphibians are kept in aquariums that contain water that can

become contaminated with Salmonella and allow for growth of

the organism [25, 27, 36, 39], creating enhanced opportunities

for transmission. Because of the risk for indirect transmission,

the CDC has developed guidelines for preventing reptile-as-

sociated salmonellosis that include recommendations to keep

reptiles out of households containing young children or persons

with weak immune systems and to not allow reptiles to roam

freely throughout the house [15, 37, 40, 41]. We have adapted

these guidelines to include amphibians (table 4).

Reptiles and amphibians have long been known to harbor

Salmonella [17, 42, 43] and to cause human infection [44].

They are asymptomatic carriers of Salmonella, and reported

carriage rates from point prevalence studies have been as high

as 94% [45]. It is possible that all reptiles and amphibians carry

Salmonella, and that reports of !100% carriage involve inter-

mittent shedding and variations in the sensitivity of culturing

techniques. In a small study during which iguanas were re-

peatedly cultured for Salmonella, every iguana was found to

carry the organism [46]. The high rate of colonization suggests

that Salmonella may be a natural commensal organism in the

gastrointestinal tract of these animals.

From the forest, field, or pond to the home, the lives of

reptiles and amphibians provide them several opportunities to

become infected with Salmonella. Reptiles and amphibians

might initially be infected before birth while in the ovary, ovi-

duct, or cloaca, as has been reported for turtles [26, 47, 48].

In the wild, the colonization of Salmonella in iguanas and toads

may be related to the eating of feces, which typically contam-

inates food and water; insects, soil, and pond water have all

been shown to carry Salmonella [47, 49]. In the home, reptiles

and amphibians might acquire Salmonella from being fed un-

dercooked chicken or meat or by contact with household dust,

all of which have the potential to contain Salmonella [50, 51].

Attempts to permanently rid reptiles of Salmonella infection

by antibiotic treatment have been unsuccessful, suggesting that

the animals readily become reinfected from their environment

or sequester the infection [52, 53].

In the early 1970s, pet turtles were responsible for an esti-

mated 18% of salmonellosis among children from 1–9 years

old [54, 55]. This led first to the institution of multiple local

and state restrictions on the sale of turtles and then in 1975

to a federal ban on all shipments of pet turtles with a shell

length !10 cm [54]. These actions resulted in a 77% reduction

in the incidence of infection with “turtle-associated” Salmonella

serotypes among children aged 1–9 years and a near-elimination

of turtle-associated salmonellosis [54]. However, recent reports

have indicated that the number of cases of reptile-associated

salmonellosis has been increasing [13]. Unlike the 1970s, when

turtle-associated salmonellosis especially affected young chil-

dren [54, 56], information from our control population in-

dicates that pet reptiles and amphibians are currently popular

with children of all ages and young adults. With an estimated

PAF of 11% among persons !21 years old, the current problem

of reptile- and amphibian-associated salmonellosis is compa-

rable with the problem of turtle-associated salmonellosis 3 dec-

ades ago.

Our larger study was designed to detect whether reptile and

amphibian contact was associated with serogroup B or D sal-

monellosis—serotypes that are frequently associated with con-

sumption of contaminated food. Surprisingly, among persons

!21 years of age, reptile and amphibian exposure had the largest

PAF for infection of any of the risk factors we assessed, in-

cluding those typically thought to be the cause of salmonellosis,

such as eating eggs in a restaurant and travel outside the United

States. In addition, the suggestion of an association between

reptile and amphibian contact and infection with S. Typhi-

murium and S. Enteritidis is interesting, because cultures of

samples from reptiles have yielded both serotypes [8, 56], and
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cases of S. Typhimurium infection associated with pet snakes

have recently been reported [40].

Campaigns to reduce people’s risk for salmonellosis should

include efforts to prevent reptile- and amphibian-associated

infections, especially among persons who are considering pur-

chasing a reptile or amphibian, those who already own one,

and families who have young children. Potential venues for

education might include pet stores, physician and veterinarian

offices, and schools. Educational efforts to prevent turtle-as-

sociated infections did not work well in the 1970s, perhaps

because of the widespread distribution of turtles: an estimated

15 million turtles were sold or given away each year in the

United States, and many turtles were obtained through sources

other than pet stores [56]. Currently, most of reptiles are ob-

tained from pet stores (CDC, unpublished data), allowing for

more-focused educational campaigns. In collaboration with the

Pet Industry Joint Advisory Council, the CDC has developed

educational posters for pet stores, and in 1999, the Council for

State and Territorial Epidemiologists issued a statement that

recommended pet stores be required to educate customers

about the prevention of reptile-associated salmonellosis. How-

ever, if current approaches are not successful, legal restrictions

on the importation or sale of reptiles and amphibians would

be warranted, as was the case prior to successful governmental

restrictions on turtles in the 1970s.

This study only included cases of salmonellosis that were not

associated with a known outbreak. Foodborne outbreaks of

salmonellosis can be extremely large; for example, an outbreak

of ice cream–related S. Enteritidis infections in 1994 involved

an estimated 220,000 people [57]. If reptiles and amphibians

were less likely than contaminated food and water to cause

large outbreaks of disease, we may have overestimated the PAF

associated with these pets. However, outbreaks caused by rep-

tile-associated infections have also been reported; for example,

an outbreak of S. enterica serotype Weltevreden infections was

caused by geckos in a water tank in Hawaii [58]; an outbreak

of S. Enteritidis infections occurred among visitors to a zoo

reptile exhibit [8]; and an outbreak of S. enterica serotype Poona

infections was associated with eating cake at a birthday party

held at a house with 2 iguanas [9]. In addition, we excluded

only 3% of all serogroup B or D Salmonella infections because

they were associated with an outbreak. In our study of non–

serogroup B or D infections, we excluded 38% of such infec-

tions because they were associated with a single outbreak in

the San Francisco Bay area. In estimating the annual number

of reptile- and amphibian-associated cases, we conservatively

assumed that nationally the same percentage of non-serogoup

B or D Salmonella cases were associated with an outbreak (and

not caused by reptile or amphibian exposure), and, thus, we

may have underestimated the total number of infections as-

sociated with reptile or amphibian contact.

Although we administered the questionnaire to patients

within 21 days of specimen collection to minimize recall bias,

respondents may have been more likely to remember some

exposures, such as international travel or having contact with

a reptile or amphibian, than they were to remember recently

consumed food items. If this were the case, then we might have

overestimated the PAF for some of these factors. In addition,

fewer than one-half of all reported cases of salmonellosis in

FoodNet sites participated in these studies. The major reasons

for exclusion were our contacting cases 121 days after their

sample collection, our inability to reach patients by telephone,

and respondents not having diarrhea or not remembering the

date of diarrhea onset. Although these exclusion criteria were

necessary components of the studies, they may limit the ge-

neralizability of the results.

We excluded nonindex cases from the case-control study. It

is unlikely that foodborne Salmonella infections would cause

more secondary infections than reptile-or amphibian-associ-

ated infections, because the shedding of nontyphoidal Salmo-

nella in a person’s stool is likely to be similar across serotypes

and modes of infection. Food contamination could potentially

cause more nonindex cases than reptile or amphibian sources

if multiple persons in a single home were exposed to the same

food. This would result in an overestimation of the proportion

of all infections associated with reptile and amphibian contact.

However, multiple infections associated with reptile contact in

the same household are also frequently reported [37, 56].

In our case-control study of non–serogroup B or D Sal-

monella infection, we did not collect case information other

than the patients’ age and sex, their Salmonella serotype, and

their history of reptile and amphibian contact. The results

might have changed if information were available on other

potential risk factors for Salmonella infection. However, PAF

estimates in the study of serogroup B or D Salmonella infection

varied little when multiple potential risk factors were included

in or excluded from the regression model. The study of non–

serogroup B or D Salmonella was conducted in the San Fran-

cisco Bay area, only 1 of the 5 sites included in the larger study.

The 3.3% rate of reptile exposure among controls in the San

Francisco Bay area may not be representative of the other 4

sites, although it was the median value among them (range,

2.7%–5.6%). In addition, although the association between the

risk of salmonellosis and having a reptile or amphibian in the

home was statistically significant, the PAF of 15% was based

on the exposure of only a few infected patients. Finally, the 13

million people living in the 5 FoodNet sites may not be rep-

resentative of the nation, and reptile and amphibian exposure
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may be more or less important risk factors for salmonellosis

in other parts of the country.

CONCLUSIONS

This is the first study to show an association between sporadic

infection with common Salmonella serotypes and reptile ex-

posure. It is also the first to show that exposure to amphibians,

which have previously been reported to carry Salmonella or-

ganisms, is also associated with human infection. Health care

practitioners and public health officials should ask specifically

about reptile and amphibian exposure among persons with

salmonellosis and educate all patients and the general popu-

lation about how to prevent the zoonotic spread of Salmonella

from their pets. Our findings emphasize the need for improved

prevention efforts without which thousands of preventable

cases of reptile- and amphibian-associated salmonellosis may

continue to occur annually in the United States.

THE FOODNET WORKING GROUP MEMBERS

CDC: Frederick Angulo, Timothy Barrett, Nancy Bean, Thomas

Boyce, Laura Conn, Mary Evans, Cynthia Friedman, Kate

Glynn, Patricia Griffin, John Hatmaker, Debra Helfrick, Tho-

mas Hennessy, Mike Hoekstra, Lori Hutwagner, Kathleen Ma-

loney, Paul Mead, Robert Pinner, Sudha Reddy, Laurence Slut-

sker, Bala Swaminathan, David Swerdlow, Robert Tauxe, Drew

Voetsch, and Samantha Yang Rowe. California: Sharon Abbott,

Felicia Chi, Pam Daily, Marianne David, Mary Ann Davis, Lisa

Gelling, Nandeeni Mukerjee, Joelle Nadle, Judy Rees, Kevin

Reilly, Art Reingold, Gretchen Rothrock, Michael Samuel, Sue

Shallow, Duc Vugia, Stephen Waterman, and Ben Werner. Con-

necticut: Matthew Cartter, Terry Rabatsky-Ehr, James Hadler,

Robert Howard, Gazala Khan, Ruthanne Marcus, Donald

Mayo, Pat Mshar, and Robin Ryder. Georgia: Molly Bardsley,

Wendy Baughman, Paul Blake, Shama Desai, Monica Farley,

Jane Koehler, Mina Pattani, Susan Ray, Matthew Sattah, Suz-

anne Segler, and Sabrina Whitfield. Maryland: Bernadette Al-

banese, Lillian Billman, Amy Carnahan, Michael Carter, Marcia

Criscio, Diane Dwyer, Lora Gay, Lee Harrison, Kelly Henning,

Yvonne Hibbert, Jackie Hunter, Judith Johnson, Melissa Kent,

J. Glenn Morris, Jr., Peggy Pass, Jefferey Roche, and Christine

St. Ours. Minnesota: Jeff Bender, John Besser, Valerie Deneen,

Craig Hedberg, Julie Hogan, Heidi Kassenborg, Michael Os-

terholm, and Julie Wicklund. New York: Hwa-Gan Chang,

Karim Hechemy, Julia Kiehlbauch, Dale Morse, Brian Sauders,

Cathy Stone, and Shelley Zansky. Oregon: Maureen Cassidy,

Paul Cieslak, David Fleming, Bill Keene, Stephen Ladd-Wilson,

Steve Mauvais, Theresa McGivern, Beletshachew Shiferaw, Bob

Sokolow, Regina Stanton, and John Townes. US Department

of Agriculture–Food Safety Inspection Service: Art Baker, Ruth

Etzel, Jill Hollingsworth, Peggy Nunnery, Phyllis Sparling, and

Kaye Wachsmuth. US Food and Drug Administration–Center

for Food Safety and Applied Nutrition: Sean Alterkruse, Ken

Falci, Bing Garthwright, and Janice Oliver.

Acknowledgments

We are indebted to the San Francisco and Alameda County

Health Departments, for interviewing patients; to Cynthia

O’Malley, Meade Morgan, and Joseph Courtney, for statistical

consultation; and to the staff of FoodNet, especially Samantha

Yang Rowe, Sudha Reddy, Daisy Christensen, Malinda Kennedy,

and Drew Voetsch.

References

1. Mead PS, Slutsker L, Dietz V, et al. Food-related illness and death in
the United States. Emerg Infect Dis 1999; 5:607–24.

2. Saphra I, Winter JW. Clinical manifestations of salmonellosis in man.
N Engl J Med 1957; 256:1128–34.

3. Glaser CA, Angulo FJ, Rooney JA. Animal-associated opportunistic
infections among persons infected with the human immunodeficiency
virus. Clin Infect Dis 1994; 18:14–24.

4. Torrey S, Fleisher G, Jaffe D. Incidence of Salmonella bacteremia in
infants with Salmonella gastroenteritis. J Pediatr 1986; 108:718–21.

5. Davis RC. Salmonella sepsis in infancy. Am J Dis Child 1981; 135:
1096–9.

6. Tauxe RV. Salmonella: a postmodern pathogen. J Food Prot 1991; 54:
563–8.

7. St Louis ME, Morse DL, Potter ME, et al. The emergence of grade A
eggs as a major source of Salmonella enteritidis infections: new impli-
cations for the control of salmonellosis. JAMA 1988; 259:2103–7.

8. Friedman CR, Torigian C, Shillam PJ, et al. An outbreak of salmo-
nellosis among children attending a reptile exhibit at a zoo. J Pediatr
1998; 132:802–7.

9. Reporter R, Bendana N, Sato H, et al. Rare serotypes of Salmonella
associated with iguana exposure. In: Program and abstracts of the 33rd
Interscience Conference on Antimicrobial Agents and Chemotherapy.
Washington, DC: American Society for Microbiology, 1993.

10. Centers for Disease Control and Prevention. Reptile-associated sal-
monellosis—selected states, 1994–1995. MMWR Morb Mortal Wkly
Rep 1995; 44:347–51.

11. Centers for Disease Control and Prevention. Lizard-associated sal-
monellosis—Utah. MMWR Morb Mortal Wkly Rep 1992; 41:610–1.

12. Austin CC, Wilkins MJ. Reptile-associated salmonellosis. J Am Vet Med
Assoc 1998; 212:866–7.

13. Cieslak PR, Angulo, FJ, Dueger EL, Maloney EK, Swerdlow DL. Leapin’
lizards: a jump in the incidence of reptile-associated salmonellosis [ab-
stract J226]. In: Program and abstracts of the 34th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy Washington, DC:
American Society for Microbiology, 1994:270.

14. Ackman DM, Drabkin P, Birkhead G, et al. Reptile-associated sal-
monellosis in New York State. Pediatr Infect Dis J 1995; 14:955–9.

15. Mermin J, Hoar B, Angulo FJ. Iguanas and Salmonella Marina infection
in children: a reflection of the increasing incidence of reptile-associated
salmonellosis in the United States. Pediatrics 1997; 99:399–402.

16. Keusch GT. Salmonellosis. In: Isselbacher KJ, ed. Harrison’s principles
of internal medicine, New York: McGraw-Hill, 1998.

17. Caldwell ME, Ryerson DL. Salmonellosis in certain reptiles. J Infect
Dis 1939; 65:242–5.

18. Lins ZC. Studies on enteric bacteria in the lower Amazon region:



Reptiles, Amphibians, and Salmonella • CID 2004:38 (Suppl 3) • S261

serotypes of Salmonella isolated from wild forest animals in Para State,
Brazil. Trans R Soc Trop Med Hyg 1970; 64:439–43.

19. Monzon Moreno C, Ojeda Vargas MM, Echeita A, et al. Occurrence
of Salmonella in cold-blooded animals in Gran Canaria, Canary Islands,
Spain. Antonie Van Leeuwenhoek 1995; 68:191–4.

20. Kourany M, Telford SR. Lizards in the ecology of salmonellosis in
Panama. Appl Environ Microbiol 1981; 41:1248–53.

21. Iveson JB, Mackay-Scollay EM, Bamford V. Salmonella and Arizona in
reptiles and man in Western Australia. J Hyg (Lond) 1969; 67:135–45.

22. Kourany M, Myers CW, Schneider CR. Panamanian amphibians and
reptiles as carriers of Salmonella. Am J Trop Med Hyg 1970; 19:632–8.

23. Sharma VK, Rohde R, Garg DN, Kumar A. Toads as a natural reservoir
of Salmonella. Zentralbl Bakteriol 1977; 239:172–7.

24. Cambre RC, Green DE, Smith EE, Montali RJ, Bush M. Salmonellosis
and arizonosis in the reptile collection at the national zoological park.
J Am Vet Med Assoc 1980; 177:800–3.

25. Bartlett KH, Trust TJ, Lior H. Small pet aguarium frogs as a source
of Salmonella. Appl Environ Microbiol 1977; 33:1026–9.

26. Kaufmann AF, Morrison ZI. An epidemiologic study of salmonellosis
in turtles. Am J Epidemiol 1966; 84:364–70.

27. Trust TJ, Bartlett KH. Aquarium pets as a source of antibiotic-resistant
salmonellae. Can J Microbiol 1979; 25:535–41.

28. Yang S. FoodNet and Enter-net: emerging surveillance programs for
foodborne diseases. Emerg Infect Dis 1998; 4:457–8.

29. Van Gilder TJ, Christensen D, Shallow S, et al. Variations in stool
handling and culturing practices among clinical microbiology labo-
ratories within the Foodborne Diseases Active Surveillance Network
(FoodNet): do we need practice guidelines? In: Program and abstracts
of the American Society for Microbiology (Chicago). Washington, DC:
American Society for Microbiology, 1999:190–1.

30. Gentry EM, Kalsbeek WD, Hogelin GC, et al. The behavioral risk factor
surveys. Part II. Design, methods, and estimates from combined state
data. Am J Prev Med 1985; 1:9–14.

31. Bruzzi P, Green SB, Byar DP, Brinton LA, Schairer C. Estimating the
population attributable risk for multiple risk factors using case-control
data. Am J Epidemiol 1985; 122:904–14.

32. Greenland S. Variance estimators for attributable fraction estimates
consistent in both large strata and sparse data. Stat Med 1987; 6:701–8.

33. Chalker RB, Blaser MJ. A review of human salmonellosis. III. Mag-
nitude of Salmonella infection in the United States. Rev Infect Dis
1988; 10:111–24.

34. Rosenstein BJ, Russo P, Hinchliffe MC. A family outbreak of salmo-
nellosis traced to a pet turtle. N Engl J Med 1965; 272:960–1.

35. Center for Disease Prevention and Epidemiology, Oregon Health De-
partment. Reptile-associated salmonellosis in Oregon. CD Summary
1995; 44:1–2.

36. Williams LP, Helsdon HL. Pet turtles as a cause of human salmonellosis.
JAMA 1965; 192:347–51.

37. Grier JW, Bjerke MS, Nolan LK. Snakes and the Salmonella situation.
Bull Chicago Herp Soc 1993; 28:3–59.

38. Dalton C, Hoffman R, Pape J. Iguana-associated salmonellosis in chil-
dren. Pediatr Infect Dis J 1995; 14:319–20.

39. Mann PH, Bjotvedt G. Salmonella organisms isolated from water used
for storage of pet turtles. Can J Comp Med Vet Sci 1967; 31:43–5.

40. Centers for Disease Control and Prevention. Reptile-associated sal-
monellosis—selected states, 1996–1998. MMWR Morb Mortal Wkly
Rep 1999; 48:1009–13.

41. Centers for Disease Control and Prevention. Erratum. MMWR Morb
Mortal Wkly Rep 1999; 48:1051.

42. Bovre K, Sandbu P. Salmonella excreting tortoises in Oslo. Acta Path
Microbiol Scand 1959; 46:339–42.

43. Bool PH, Kempelmacher EH. Some data on the occurrence of Sal-
monella in animals in Surinam. Antonie Van Leeuwenhoek 1958; 24:
76–80.

44. Door GDH. Salmonellosis newport overgebracht door schildpadden.
Ned T Geneesk 1958; 102:1906–7.

45. Koopman JP, Janssen FGJ. The occurrence of Salmonellas and lactose-
negative Arizonas in reptiles in The Netherlands, and a comparison
of three enrichment methods used in their isolation. J Hyg (Lond)
1973; 71:363–71.

46. Burnham BR, Atchley DH, DeFusco RP, et al. Prevalence of fecal shed-
ding of Salmonella organisms among captive green iguanas and po-
tential public health implications. J Am Vet Med Assoc 1998; 213:48–50.

47. Izadjoo MJ, Pantoja COA, Siebeling RJ. Acquisition of Salmonella flora
by turtle hatchlings on commercial turtle farms. Can J Microbiol
1987; 33:718–24.

48. Troyer K. Transfer of fermentative microbes between generations in a
herbivorous lizard. Science 1982; 216:540–2.

49. Morse EV, Duncan MA. Salmonellosis—an environmental health prob-
lem. J Am Vet Med Assoc 1974; 165:1015–9.

50. Murray CJ. Salmonellae in the environment. Rev Sci Tech 1991; 10:
765–85.

51. Haddock RL. Salmonella in vacuum cleaners. Lancet 1986; 2:637.
52. Shane SM, Gilbert R, Harrington KS. Salmonella colonization in com-

mercial pet turtles (Pseudemys scripta elegans). Epidemiol Infect
1990; 105:307–16.

53. D’Aoust J-Y, Daley E, Crozier M, Sewell AM. Pet turtles: a continuing
international threat to public health. Am J Epidemiol 1990; 132:233–8.

54. Cohen ML, Potter M, Pollard R, Feldman RA. Turtle-associated sal-
monellosis in the United States: effect of public health action, 1970 to
1976. JAMA 1980; 243:1247–9.

55. Altman R, Gorman JC, Bernhardt L, Goldfield M. Turtle-associated
salmonellosis. II. The relationship of pet turtles to salmonellosis in
children in New Jersey. Am J Epidemiol 1972; 95:518–20.

56. Lamm SH, Taylor A, Gangarosa EJ, et al. Turtle-associated salmonel-
losis: an estimation of the magnitude of the problem in the United
States, 1970–1971. Am J Epidemiol 1972; 95:511–7.

57. Hennessy TW, Hedberg CW, Slutsker L, et al. A national outbreak of
Salmonella enteritidis infections from ice cream. N Engl J Med 1996;
334:1281–6.

58. Minette HP. Epidemiologic aspects of salmonellosis in reptiles, am-
phibians, mollusks, and crustaceans—a review. Int J Zoonoses 1984;
11:95–104.


