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FECAL SHEDDING OF SALMONELLA IN EXOTIC FELIDS 

Victoria L. Clyde, D.V.M., Edward C. Ramsay, D.V.M., and David A. Bemis, Ph.D. 

Abstract: Two collections of exotic felids were screened for the presence of Salmonella by selective fecal culture 

utilizing selenite broth and Hektoen enteric agar. In > 90% of the samples, Salmonella was isolated from a single 
culture. A commercial horsemeat-based diet was fed in both collections, and one collection also was fed raw chicken. 

Salmonella was cultured from the raw chicken and the horsemeat diet for both collections. Multiple Salmonella sero 

types were identified, with S. typhimurium and S. typhimurium (Copenhagen) isolated most frequently. Approximately 
half of the Salmonella isolates demonstrated multiple antibiotic resistance. The ability to harbor Salmonella as normal 

nonpathogenic bacteria of the gastrointestinal tract may be a physiological adaptation to carnivory. The high rate of 

fecal shedding of Salmonella in healthy individuals clouds the interpretation of a positive fecal culture in an ill felid, 
or one with diarrhea. All zoo employees having contact with cat feces or raw diets have a high rate of occupational 

exposure to Salmonella and should exercise appropriate hygienic precautions. 
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INTRODUCTION 

Salmonellosis has been previously described in 

felids.313 Clinical cases are most often seen in neo 

natal, aged or immunocompromised animals or in 

animals exposed to a large infective dose of Sal 

monella through exposure to contaminated food 

stuffs or to a clinically ill animal.412 Fecal cultures 

are commonly utilized to diagnose salmonellosis in 

diarrheic animals. 

A clinical case of salmonellosis was confirmed 

by blood culture in an aged serval {Felis serval) 
from a private collection in the southeastern USA. 

Concerns about the source of the Salmonella led to 

the present study, in which the collection of cats 

was screened by fecal culture to examine the prev 

alence and distribution of fecal shedding of Sal 

monella on the property. A comparison study was 

also conducted on healthy captive felids maintained 

at the Knoxville Zoo. Diets at both collections were 

also cultured for Salmonella. 

MATERIAL AND METHODS 

Felid collections 

The private collection consisted of one male and 

one female snow leopard (Panthera uncid) housed 

singly, two male and one female leopard (Panthera 

pardus) housed as a pair and singlet, four male and 

two female cougars {Felis concolor) housed as a 

pair and four singlets, one male and one female 

caracal {Felis caracol) housed as a pair, and nine 

male and six female servals housed in nine cages. 

All cats were fed a mixture of commercial horse 

meat-based diet (Nebraska Brand Feline Diet, An 

imal Spectrum, Lincoln, Nebraska 68506, USA) 
and pieces of chicken. The food items were kept 
frozen at 

? 
20?C and were set out in clean plastic 

tubs to thaw at room temperature 15-20 hr prior to 

feeding. Food bowls were collected each morning 

and washed in hot water prior to refilling. Bowls 

were labeled and returned to the same pens. 

The zoo collection contained three male and four 

female tigers (Panthera tigris) housed as a pair and 

five singlets, two male Asian lions {Panthera leo 

p?rsica) housed singly, one male and one female 

African lion {P. leo) housed as a pair, one male and 

one female snow leopard housed as a pair, three 

male and two female cheetahs (Acinonyx jubatus) 

housed as a pair and three singlets, one male and 

one female cougar housed as a pair, and one female 

Canadian lynx (Lynx canadensis). All cats were fed 

commercial horsemeat-based diets (Nebraska 

Brand Feline and Canine Diets, Animal Spectrum) 

stored at 
? 

20?C. The diets were placed on clean 

plastic trays to thaw at room temperature 24 hr pri 
or to feeding. Thawed meat was placed on the 

cleaned cement surface of each animal's den. Horse 

and ox bones were offered once each week in lieu 

of the commercial diet. 

Sample collection 

One fresh fecal sample less than 6 hr old was 

cultured from each pen. A 1-cm3 piece of fecal ma 

terial was removed from the center of a fecal ball 

using a wooden applicator stick and was placed di 

rectly into a 9-ml tube of selenite broth (Selenite-F 

Broth, BBL/Becton Dickinson Microbiology Sys 
tems, Cockeysville, Maryland 21030-0243, USA). 

The tube was held on wet ice or in a refrigerator 

until submission to the bacteriology laboratory. 

Samples were taken from thawed food items im 
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mediately before feeding. For the horsemeat-based 

diets, a 1-cm3 piece was removed from the center 

of a thawed loaf using an applicator stick. For the 

thawed chicken, a 1-cm3 sample consisting of skin 

and underlying muscle was removed with a sterile 

scalpel blade from a randomly selected piece of 

chicken. All samples were immediately placed into 
9-ml tubes of selenite broth and handled as outlined 

above. 

Laboratory analysis 

Laboratory procedures used for the isolation of 

Salmonella followed previously described proto 
cols.9 The inoculated selenite broth was incubated 

overnight at 35?C without shaking and then sub 
cultured to Hektoen enteric agar (BBL/Becton 

Dickinson Microbiology Systems). Suspect colo 

nies were tested on triple sugar iron agar and urea 

agar (BBL/Becton Dickinson Microbiology Sys 
tems). Isolates with biochemical characteristics of 

Salmonella were further identified using Salmonella 

polyvalent O antiserum containing groups A-I and 

Vi (Difco Laboratories, Detroit, Michigan 48232 

7058, USA) and the Vitek GNI card (bioMerieux 
Vitek, Hazelwood, Missouri 63042-2395, USA). 

Serotyping was performed by the National Veteri 

nary Services Laboratory, Ames, Iowa. Antimicro 

bial susceptibility tests were performed using the 
Vitek GNS-VA card, which uses a computerized 

analysis of growth at one or several drug concen 

trations to determine a minimal inhibitory concen 

tration (bioMerieux Vitek) and the Kirby-Bauer 
disk diffusion method.9 Antimicrobials evaluated 

included amikacin, amoxicillin/clavulanic acid, am 

picillin, cefotaxime, cephalothin, chloramphenicol, 

ciprofloxacin, gentamicin, piperacillin, tetracycline, 
and trimethoprim/sulfamethoxazole. 

RESULTS 

Private collection 

Salmonella was isolated from 19 of 20 (95%) 
fecal cultures (Table 1). The only sample negative 
for Salmonella came from a pen of two servals. 

Salmonella serotypes isolated from this collection 

included S. typhimurium (eight isolates), S. panama 

(six), S. bredeney (two), S. Johannesburg (one), S. 

enteritidis (one), and S. dublin (one). Salmonella 

typhimurium was isolated from each of two suc 

cessive cultures of the commercial horsemeat diet. 

One of two cultures of raw chicken was positive 
for S. kentucky; the other culture was negative for 

Salmonella. 

Two distinct antibiotic resistance patterns were 

noted in Salmonella isolated from the private col 

Table 1. Salmonella culture results and their antimi 

crobial resistance patterns from single fecal samples from 

a privately owned collection of felids. 

Host species3 Serotype Resistanceb 

Felis concolor 

1 M 
1 M 
1 M 
1 M 

2 F 

F. serval 

4 M 
1 M 
1 M 
1 M, 1 F 

1 M, 1 F 

1 M, 1 F 

1 F 
1 F 
1 F 

F. caracal 

1 M 
1 F 

Panthera uncia 

1 M 
1 F 

P. pardus 

1 M, 1 F 

1 F 

S. panama 
S. typhimurium 
S. typhimurium 
S. enteritidis 13A 

S. Johannesburg 

S. panama 
S. typhimurium 
S. panama 

negative 
S. typhimurium 
S. bredeney 
S. typhimurium 
S. panama 
S. dublin 

S. bredeney 
S. panama 

S. panama 
S. typhimurium 

S. typhimurium 
S. typhimurium 

S 

A, C, P, T 

A, C, P, T 

A, C, P, T 

S 

S 

A, C, P, T 

S 

A,P, T 

S 

A, C, P, T 

S 

A,P,T 

S 

S 

S 

A, C, P, T 

A, C, P, T 

A, C, P, T 

a Number of males (M), number of females (F) housed in pen 
from which a single fecal sample was cultured for Salmonella. 

b Resistant to: A = 
ampicillin and amoxicillin/clavulanic acid; C 

= 
chloramphenicol; P = 

piperacillin; T = 
tetracycline. S = sus 

ceptible to all tested antimicrobials. 

lection. Isolates of S. panama, S. bredeney, and 5. 

Johannesburg from the fecal cultures and the S. 

kentucky and S. typhimurium from the diet samples 
were susceptible to all tested antibiotics. Combined 

resistance to ampicillin, amoxicillin/clavulanic 

acid, chloramphenicol, piperacillin, and tetracycline 
was found in seven of eight fecal isolates of S. ty 

phimurium and in the single fecal isolate of S. en 

teritidis. One isolate each of S. typhimurium and S. 

dublin were susceptible to chloramphenicol and re 

sistant to ampicillin, amoxicillin/clavulanic acid, pi 

peracillin, and tetracycline. Isolations of resistant 

Salmonella were scattered throughout the collection 

and were not associated with host species or loca 

tion. 

Zoo collection 

Salmonella was isolated from 15 of 16 (94%) 
fecal cultures (Table 2). The only sample negative 
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Table 2. Salmonella culture results and their antimi 

crobial resistance patterns from single fecal samples from 
a zoological park collection of felids. 

Host species3 Serotype Resistanceb 

Felis concolor 

1 M, 1 F S. cerro S 

Panthera uncia 

1 M, 1 F S. muenster T 

Lynx canadensis 

IF S. typhimurium A, P, T 

(Copenhagen) 

Acinonyx jubatus 

1 M (3,10:L,W-monophasic) S 

1 M S. typhimurium A, P, T 

(Copenhagen) 
S. typhimurium A, T 

1 M, 1 F S. hadar A, P, T 

IF S. meleagridis S 

P. leo 

1 M, 1 F S. dublin S 

S. muenchen S 

1 M negative 
IM S. poona S 

P. tigris 

1 M S. montevideo S 

1 M S. poona S 

S. typhimurium A, P, T 

(Copenhagen) 
IM S. kentucky S 

2 F S. typhimurium Amp, P, T 

(Copenhagen) 
IF S. typhimurium A, P 

(Copenhagen) 
IF S. typhimurium A, P, T 

(Copenhagen) 

3 Number of males (M), number of females (F) housed in pen 
from which a single fecal sample was cultured for Salmonella. 

b Resistant to: A = 
ampicillin and amoxicillin/clavulanic acid; 

Amp 
= 

ampicillin alone; P = 
piperacillin, T = 

tetracycline. S. = 

susceptible to all tested antimicrobials. 

for Salmonella came from one male Asian lion. A 

large variety of serotypes were isolated from the 

zoo cats. Salmonella typhimurium {Copenhagen) 
was the serotype most commonly cultured (six iso 

lates). Salmonella poona was isolated twice, and 

single isolates were obtained of S. cerro, S. dublin, 

S. hadar, S. kentucky, S. meleagridis, S. montevi 

deo, S. muenchen, S. muenster, S. typhimurium, and 

one untypeable Salmonella (3, 10 :L, W-mono 

phasic). Three of the 16 fecal cultures (one male 

cheetah, one male African lion, one male tiger) 

grew two different serotypes. Of the two diet sam 

pies cultured, one was negative for Salmonella and 

the other grew S. dublin. 

Antibiotic resistance patterns were slightly more 

variable in the zoo collection than in the private 
collection. Of the 18 Salmonella isolates, nine 

(50%) were susceptible to all tested antibiotics. 
Five fecal isolates and the one diet isolate showed 

combined resistance to ampicillin, amoxicillin/clav 

ulanic acid, piperacillin, and tetracycline. The other 

four isolates showed various patterns of resistance 

to these four antibiotics. None of the serotypes iso 

lated from the zoo cats were resistant to chloram 

phenicol. 

DISCUSSION 

In these two collections, >90% of fecal samples 

from healthy exotic felids fed a raw horsemeat- or 

poultry-based diet were positive for Salmonella on 

a single culture. None of these cats appeared ill or 

showed diarrhea at the time of fecal collection or 

in the subsequent year. High frequencies of fecal 

shedding of Salmonella have also been reported in 

reptiles, chickens, carnivorous zoo animals, and 

racing greyhounds fed a raw-meat-based 

diet.1'2'5-6-7'10 

Salmonella organisms are ubiquitous in nature 

and are common environmental and aquatic con 

taminants.412 However, the most common source of 

exposure for animals is contaminated food 

stuffs.4'812 Diets containing uncooked or unpro 

cessed foods such as raw meat, meat and bone 

meal, fish meal, and soybean meal are frequently 

contaminated with Salmonella.412 

In both collections, Salmonella was recovered 

from cultures of the diets. The serotypes isolated 

did not correspond to the most common serotypes 

isolated from the animals in the zoo collection. Sev 

eral factors may be responsible for this discrepancy. 

Diets were cultured only once, yet animals may 

have been exposed to multiple serotypes of Sal 

monella in uncooked food over time. Also, both the 

environment and other animals, in addition to food, 

represent sources of infection to the cats. 

The Salmonella isolates recovered from both col 

lections represent non-host-adapted serotypes.12 

Salmonella typhimurium is worldwide in distribu 

tion and is the serotype most frequently recovered 

in raw-meat diets.2-412 In feces of racing greyhounds 

fed a raw-meat diet, S. typhimurium was the sero 

type responsible for over 65% of the clinical cases 

of salmonellosis and was the only serotype isolated 

from feces of healthy hounds.11 In addition, S. ty 

phimurium was the predominant serotype isolated 

from samples of the greyhound's raw-meat diet. Fe 
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cal cultures of raptors and exotic felids fed day-old 
chicks in a zoo setting grew S. enteritidis.5 

Previous recommendations for effective antimi 

crobial treatment of systemic salmonellosis have in 

cluded chloramphenicol, trimethoprim/sulfon 

amides, and amoxicillin.412 However, increasing 

levels of resistance to these drugs may make their 

use inappropriate. Antibiotic therapy should be 
based on culture and susceptibility testing because 

the administration of an antibiotic to which the or 

ganism is resistant can increase the severity of in 

fection.1213 Because of the increasing resistance of 

Salmonella to amoxicillin and chloramphenicol, the 

fluoroquinolones or trimethoprim/sulfonamides 

may be more appropriate choices for initial treat 

ment of severe invasive salmonellosis. Knowledge 

of the antimicrobial resistance patterns of Salmo 

nella in a collection can assist the clinician in se 

lection of appropriate antibiotics for initial treat 
ment. Because of these problems, antibiotic therapy 

is contraindicated in uncomplicated gastrointestinal 

infections and should be reserved for systemic or 

invasive infections. 

The high incidence of fecal shedding of Salmo 
nella in healthy exotic felids suggests that these or 

ganisms can be maintained as a component of the 

normal gastrointestinal flora in immunocompetent 

animals. Acclimatization to frequent ingestion of 

Salmonella may be a physiological adaptation to 

carnivory. Unfortunately, this high rate of fecal 

shedding of Salmonella compromises the use of fe 

cal culture as a single diagnostic test in an ill or 

diarrheic felid. A presumptive diagnosis of salmo 

nellosis is supported if cytologie examination of di 

arrheic feces reveals leukocytes, which are indica 

tive of mucosal disruption.4 Ideally, clinical sal 

monellosis should be confirmed by blood culture. 

All zoo employees having contact with carnivore 

feces or raw diets should be informed of their oc 

cupational exposure to Salmonella, and appropriate 

precautions should be exercised. Because the num 

bers of salmonellae are not static and will increase 

in food, feces, and moist exhibits over time, 

quick-thaw techniques should be utilized for raw 

meat diets, and prompt removal and disposal of un 

eaten food and feces should be practiced, along 

with appropriate disinfection of exhibits. 

CONCLUSIONS 
1. More than 90% of healthy captive exotic felids 

fed a raw-meat diet may shed Salmonella in 

their feces. 

2. Acclimatization to ingestion of Salmonella may 

be an adaptation to carnivory. 
3. The high incidence of fecal shedding of Sal 

monella in healthy exotic cats compromises the 

use of fecal culture as a single diagnostic test. 

4. Half of the Salmonella isolates from the feces 
of healthy exotic felids in two separate collec 

tions demonstrated multiple antibiotic resis 

tance, especially to amoxicillin and tetracycline. 

Resistance to chloramphenicol varied with the 
collection. 

5. Zoo employees having contact with cat feces 

and raw diets should exercise appropriate pre 

cautions to reduce exposure to Salmonella. 
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