
SALMONELLA ENTERICA ISOLATED FROM WILDLIFE
AT TWO OHIO REHABILITATION CENTERS

Authors: Jijón, Steffani, Wetzel, Amy, and LeJeune, Jeffrey

Source: Journal of Zoo and Wildlife Medicine, 38(3) : 409-413

Published By: American Association of Zoo Veterinarians

URL: https://doi.org/10.1638/1042-
7260(2007)38[409:SEIFWA]2.0.CO;2

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Zoo-and-Wildlife-Medicine on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



409

Journal of Zoo and Wildlife Medicine 38(3): 409–413, 2007
Copyright 2007 by American Association of Zoo Veterinarians

SALMONELLA ENTERICA ISOLATED FROM WILDLIFE AT TWO
OHIO REHABILITATION CENTERS

Steffani Jijón, Amy Wetzel, B.S., Ph.D., and Jeffrey LeJeune, D.V.M., Ph.D., Dipl. A.C.V.M.

Abstract: Between May and September 2004, fecal samples from various wildlife species admitted to two rehabil-
itation centers in Ohio were cultured for Salmonella enterica and Escherichia coli O157:H7. Eight of 71 (11%) samples,
including specimens from three opossums (Didelphis virginiana), two gray squirrels (Sciurus carolinensis), a wood-
chuck (Marmota monax), a Harris hawk (Parabuteo unicinctus), and a screech owl (Otus asio) tested positive for
Salmonella serovars Braenderup, Senftenberg, Oranienburg, and Kentucky. The Salmonella Oranienburg isolates were
indistinguishable by pulsed-field gel electrophoresis. Most isolates were susceptible to commonly used antibiotics;
however, the Salmonella Kentucky isolate was resistant to multiple beta-lactam antibiotics (amoxicillin/clavulanic acid
and ampicillin), cefoxitin, and ceftiofur, a third-generation cephalosporin. Escherichia coli O157:H7 was not isolated
from any sample. Transmission of Salmonella from wildlife may occur between animals at rehabilitation centers.
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INTRODUCTION

Free-ranging animals have been implicated as
reservoirs and vectors for many important historic,
emerging, and reemerging human viral, parasitic,
and bacterial diseases such as rabies, avian influ-
enza, cryptosporidiosis, Lyme disease, and salmo-
nellosis.2,13 Transmission of Salmonella is of partic-
ular concern because of the worldwide distribution
of this bacterium and the large variety of different
host species, including insects, fish, amphibians,
reptiles, birds, and mammals that can harbor this
organism, often without clinical signs of illness.21

Transmission of Salmonella from wildlife to hu-
mans may occur following direct contact with an-
imals.13 However, indirect exposure, through human
contact with environmental niches contaminated
with zoonotic pathogens (including water sources)
or contamination of the food supply as a result of
interactions between wildlife and food-producing
animals or crops, may also serve as less obvious
routes of zoonotic transmission. Several factors, in-
cluding the frequency, types, and degree of inter-
action between humans and wild animals and their
environment; the environmental survival of partic-
ular pathogens; the hygienic practices taken to pre-
vent transmission; and the prevalence of pathogens
in the wildlife population may impact the frequency
of wildlife-associated salmonellosis in humans. The
objective of this study was to determine the prev-
alence of Salmonella and Escherichia coli O157 in
the feces of different species of wildlife admitted
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to two rehabilitation centers in Ohio. Fecal material
was collected for culture and sensitivity, and sal-
monella isolates were characterized by pulse-field
gel electrophoresis.

MATERIALS AND METHODS

Between May and September 2004, freshly void-
ed fecal samples were collected on sterile cotton-
tipped swabs from the floors of cages of recently
admitted (within 3 days) animals at two nonprofit
wildlife rehabilitation centers in Ohio that treated
native wildlife. Staffed by a team of eight volun-
teers and an individual with over 20 yr experience
in animal rehabilitation, one facility admitted be-
tween 600 and 700 animals of various species each
year. Animals were housed either in plastic animal
crates or stainless-steel bank cages that were
scrubbed with detergent and water then sprayed
with an alkyl dimethyl benzyl ammonium chloride
disinfectant (Lysol�, Reckitt Benckiser, Inc., Par-
sippany, New Jersey 07054) prior to placement of
animals. Waste was removed and fresh bedding ma-
terials provided daily or more often if needed.
Equipment such as bottles, feeding tubes, and sy-
ringes, were washed with hot soapy water between
pens of animals. Staffed by one full-time individ-
ual, several part-time workers, and numerous vol-
unteers, the second facility rehabilitated only birds.
Severely debilitated birds were housed in stainless
steel cages or crates of appropriate size for each
patient. Cages were cleaned with soap and water
prior to animal placement then disinfected with a
10% solution of household bleach or a quaternary
ammonium disinfectant 0.4% vol/vol (Rocal� D-
plus, Pfizer Inc., New York, New York 10017).
Larger outdoor cages constructed with pressure-
treated lumber and vinyl-clad wire were provided
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for rehabilitation of birds. Hard surfaces were
hosed down and soil areas were raked two–three
times weekly.

Animal species were identified based upon char-
acteristic markings according to North American
wildlife field manuals.5,12 Members of the surround-
ing small urban communities brought young or-
phans and debilitated animals (many with traumatic
injuries) to the dedicated rehabilitation facilities for
care. When multiple animals of the same species,
such as littermates, were admitted at the same time,
only one pooled sample was collected per cage.
One facility housed a resident Harris hawk (Para-
buteo unicinctus), which was also sampled.

Samples of approximately 0.5 g each were en-
riched overnight at 42�C in buffered peptone water
(BPW). Enrichments were tested immediately for
E. coli O157:H7 using automated immunomagnetic
separation according to the recommendation of the
manufacturer (Dynal Biotech ASA, Oslo NO-0379,
Norway). One milliliter of each enrichment culture
was frozen in 30% buffered glycerol and stored at
�70�C. To detect Salmonella, the frozen enrich-
ment cultures were added to tetrathionate broth, se-
quentially transferred at 48-hr intervals after incu-
bation at 42�C to Rappaport Vassiliadis broth, and
then plated onto XLT-4 agar. Black colonies that
grew on XLT-4 agar plates after overnight incuba-
tion at 37�C were screened for characteristic bio-
chemical reactions of Salmonella on triple-sugar
iron agar, Christensen’s urea broth, Simmon’s cit-
rate agar, and agglutination with antisalmonella an-
tisera.14 Overnight broth cultures of Salmonella-
presumptive colonies were frozen in 30% buffered
glycerol and stored at �70�C, until they were re-
plated and sent for serotyping at the National Vet-
erinary Services Laboratory (United States Depart-
ment of Agriculture, Ames, Iowa 50010, USA) and
for antibiotic susceptibility testing at the National
Antibiotic Resistance Unit (United States Depart-
ment of Agriculture, Athens, Georgia 30605, USA).
Antibiotic susceptibility was determined by the
broth microdilution method using NCCLS interpre-
tive criteria to the following antibiotics: sulfathia-
zine, tetracycline, ampicillin, cefoxitin, naladixic
acid, streptomycin, chloramphenicol, amoxicillin/
clavulanic acid, trimethoprim-sulfamethoxazole,
amikacin, ceftriaxone, ciprofloxicin, gentamycin,
kanamycin, and ceftiofur.3,15 Pulsed-field gel elec-
trophoresis (PFGE) of all isolates was performed
according to PulseNet (CDC) Protocol.7

RESULTS

Nineteen different animal species (11 avian and
8 mammalian) were tested for E. coli O157:H7 and

Salmonella enterica (Table 1). Escherichia coli
O157:H7 was not isolated from any fecal samples.
Salmonella was isolated from 8 of 71 (11%) fecal
samples. Salmonella was isolated from 5 of the 19
(26%) animal species admitted on different occa-
sions over the course of the 3-month study (Table
1). Notably, we identified the presence of four ser-
ovars of Salmonella. Seven of the eight (88%) iso-
lates recovered were susceptible to the entire panel
of antibiotics tested. However, isolate 134, Salmo-
nella Kentucky obtained from an Eastern gray
squirrel (Sciurus carolinensis), was resistant to am-
picillin, the combination of amoxicillin and clavu-
lanic acid, cefoxitin, and ceftiofur. Isolates of dif-
ferent serovars produced unique PFGE banding pat-
terns (Fig. 1), but the five Salmonella Oranienburg
isolates were indistinguishable from one another.
All the Salmonella Oranienburg isolates originated
from orphaned mammals that, upon subsequent in-
vestigation, were identified as having been fed in-
fant formula with a common feeding tube. This
feeding tube was washed with hot soapy water be-
tween animals in different cages, but no specific
treatment to disinfect or sanitize the tube had been
performed.

DISCUSSION

All the Salmonella serovars identified in this
study have previously been reported as causes of
human disease and have been isolated from food-
producing animals. Presently, the number of human
Salmonella infections linked directly, or indirectly,
to wildlife sources is undefined. Although the fre-
quency of human–wildlife interactions is not
known, the number of animals cared for by reha-
bilitators is increasing.4 One estimate reported an
average of 360,000 human contact–days with wild-
life each year by rehabilitators in licensed rehabil-
itation centers in Colorado, a state with about 4.3
million inhabitants.6 Importantly, this same report
identified 95% of this contact occurred in home-
based facilities, locations where food preparation
and consumption may be more likely and where
children or immune-compromised individuals
might be present. These estimates do not account
for individuals who might occasionally try to re-
habilitate wildlife without permits or other types of
human–wildlife interactions. Given the frequency
of Salmonella carriage and the amount of contact
required to foster juvenile or debilitated wildlife,
transmission from animals to humans is possible.

In this study, it was not possible to definitively
determine whether animals entered the rehabilita-
tion facilities carrying Salmonella or if they became
colonized after admission. However, the indistin-
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Table 1. Isolation of Salmonella in 71 fecal samples collected from wildlife species at two wildlife rehabilitation
centers in Ohio, May–September 2004.

Animal n Date
Salmonella

serovar

Antibiotic
resistance
phenotype

Turkey vulture (Cathartes aura) 1
Eastern cottontail (Sylvilagus floridanus) 4
Opossum (Didelphis virginiana) 7 Aug 13 Oranienburg Pansusceptiblea

Aug 15 Oranienburg Pansusceptible
Aug 28 Oranienburg Pansusceptible

Common raccoon (Procyon lotor) 4
Canada goose (Branta canadensis) 4
Mallard duck (Anas platyrhynchos) 2
Red-tailed hawk (Buteo jamaicensis) 14
Harris’s hawkb (Parabuteo unicinctus) 1 Aug 28 Senftenberg Pansusceptible
Cooper’s hawk (Accipiter cooperii) 3
Eastern screech-owl (Otus asio) 8 May 29 Braenderup Pansusceptible
Barred owl (Strix varia) 3
Great horned owl (Bubo virginianus) 1
American kestrel (Falco sparverius) 6
Mourning dove (Zenaida macroura) 3
Jumping meadow mouse (Zapus hudsonius luteus) 1
White-tailed deer (Odocoileus virginianus) 1
Woodchuck (Marmota monax) 3 Sep 9 Oranienburg Pansusceptible
Eastern gray squirrel (Sciurus carolinensis) 4 Aug 23 Oranienburg Pansusceptible

Jul 9 Kentucky Resistantc,d,e,f

Eastern fox squirrel (Sciurus niger) 1
Total samples 71

a Pansusceptible � serovar susceptible to all antibiotics tested.
b Permanent center resident.
c Amo � serovar resistant to amoxicillin/clavulanic acid.
d Amp � serovar resistant to amoxicillin.
e Fox � serovar resistant to cefoxitin.
f Tio � serovar resistant to ceftiofur.

guishable PFGE result among Salmonella Oranien-
burg isolates suggests a common (nosocomial)
source of exposure. The remaining isolates (Sal-
monella Braenderup, Salmonella Kentucky, and
Salmonella Senftenberg) may have been acquired
while in the facility or been present in the animals
upon admission. Wildlife may acquire Salmonella
from feed or from other environmental sources,
such as livestock operations, feed manufacturers,
and human waste treatment plants.10,16 The preva-
lence of Salmonella in the wildlife in a particular
geographic region is probably a reflection of the
frequency that these potential sources of contami-
nation are present in their home range.8 Estimates
of prevalence of pathogens may also be influenced
by the sensitivity of the microbiological assay used.
In this study, previously frozen enrichment speci-
mens were cultured for S. enterica. Despite the fact
that the frozen samples contained glycerol, the
freezing of specimens may have reduced the recov-
ery of S. enterica from the specimen, thereby lim-

iting the sensitivity of detection. Nevertheless, our
prevalence estimates are slightly higher than those
previously reported in wildlife in California (4%)
and in Spain (4.19%), and are similar to that re-
ported in a rehabilitation center in Italy.1,17,18

The animals in this study were recovered from
urban environments, such as private residences, city
streets, and public parks. Salmonella Senftenberg
and Salmonella Brandenburg have been previously
reported from gulls and a kestrel.16,17 Reports of
Salmonella Kentucky and Salmonella Oranienburg
isolated from wildlife are not available in the peer-
review literature. However, given the occurrence of
these two serovars in livestock, humans, and the
environment, these serovars, as well as the two
aforementioned serovars, may have originated from
any number of diverse sources.11,20,22 It was inter-
esting to have found even a single Salmonella iso-
late that was resistant to ceftiofur, a third-generation
cephalosporin antibiotic, in a wild animal that had
no known history of antibiotic treatment. This find-
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Figure 1. Pulse-field gel electrophoresis of Salmonel-
la enterica isolates obtained from 8 of 71 fecal samples
from wildlife recently admitted to two wildlife rehabili-
tation centers in Ohio, May–September 2004. Lane 1, Ref-
erence Salmonella Braenderup strain (H9812); lanes 2–6,
Salmonella Oranienburg isolates 132,133, 136, 141, and
142, respectively; lane 7, isolate 135, Salmonella Braen-
derup; lane 8, isolate 134, Salmonella Kentucky; lane 9,
isolate 138, Salmonella Senftenberg.

ing underscores the importance of controlling the
transmission of S. enterica between animals and
from patient to caretakers through adequate hygien-
ic practices. Antibiotic treatment is not a prerequi-
site for the occurrence of drug-resistant organisms
to be present.9 Regardless of the origin of the drug-
resistant organism, the presence and potential nos-
ocomial transmission of S. enterica, including one
strain that exhibited resistance to multiple antibi-
otics, in these rehabilitation centers is important for
several reasons: 1) Salmonella may be pathogenic
to wildlife, 2) antibiotic resistance may make treat-
ment of animal disease difficult, and 3) human con-
tact with infected animals may result in zoonotic
disease.1 For example, the Salmonella-positive
hawk was occasionally taken to public events and
used as an educational exhibit. Two outbreaks of
salmonellosis have been tracked to youth educa-
tional programs where children dissected pellets
obtained from an owl held at a rehabilitation cen-
ter.19 In addition, a goal of most rehabilitation cen-
ters is release of as many animals back to native
habitat as possible (typically more than 50%),

which may increase the likelihood of Salmonella
strains in free-ranging populations.6

CONCLUSION

Efforts should be made to increase the public and
rehabilitator awareness of the zoonotic hazards as-
sociated with wildlife contact. Specifically, wildlife
contact should be considered in cases of human sal-
monellosis. Furthermore, we emphasize the need
for increased education among individuals who
have contact with wildlife. Individuals working
with wildlife should know and practice appropriate
measures of environmental and personal hygiene to
prevent nosocomial infections among animal pa-
tients, as well as to reduce the potential of zoonotic
infections among animal handlers, rehabilitators,
veterinarians, and other people who might have
contact with these animals.
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413JIJÓN ET AL.—SALMONELLA AT REHABILITATION CENTERS

8. Cole, D., D. J. Drum, D. E. Stalknecht, D. G. White,
M. D. Lee, S. Ayers, M. Sobsey, and J. J. Maurer. 2005.
Free-living Canada geese and antimicrobial resistance.
Emerg. Infect. Dis. 11: 935–938.

9. Davis, M. A., D. D. Hancock, and T. E. Besser. 2002.
Multiresistant clones of Salmonella enterica: the impor-
tance of dissemination. J. Lab. Clin. Med. 140: 135–141.

10. Edel, W., M. van Schothorst, and E. H. Kampel-
macher. 1976. Epidemiological studies on Salmonella in
a certain area (‘‘Walcheren project’’). I. The presence of
Salmonella in man, pigs, insects, seagulls and in foods
and effluent. Zentl. Bakteriol. 235: 475–484.

11. Guerin, M. T., S. W. Martin, G. A. Darlington, and
A. Rajic. 2005. A temporal study of Salmonella serovars
in animals in Alberta between 1990 and 2001. Can. J. Vet.
Res. 69: 88–99.

12. Knopf, A. A. 2000. National Audubon Society Sib-
ley Guide to Birds. Knopf Publishing Group, New York,
New York.

13. Kruse, H., A. M. Kirkemo, and K. Handeland.
2004. Wildlife as source of zoonotic infections. Emerg.
Infect. Dis. 10: 2067–2072.

14. Gray, L. 1995. Escherichia, Salmonella, Shigella,
and Yersinia. In: Murray, P., E. Baron, A. Pfaller, F. Ten-
over, and R. Volken. Manual of Clinical Microbiology, 6th
ed. American Society for Microbiology, Washington, D.C.
Pp. 450–456.

15. National Committee on Clinical Laboratory Stan-
dards (CCLS). 2003. Performance Standards for Antimi-
crobial Disk Susceptibility Tests—Approved Standard,
M2-A8. NCCLS, Wayne, Pennsylvania.

16. Nesse, L. L., T. Refsum, E. Heir, K. Nordby, T.
Vardund, and G. Holstad. 2005. Molecular epidemiology
of Salmonella spp. isolates from gulls, fish-meal factories,

feed factories, animals and humans in Norway based on
pulsed-field gel electrophoresis. Epidemiol. Infect. 133:
53–58.

17. Reche, M. P., P. A. Jimenez, F. Alvarez, J. E. Garcia
de los Rios, A. M. Rojas, and P. de Pedro. 2003. Incidence
of salmonellae in captive and wild free-living raptorial
birds in central Spain. J. Vet. Med. Ser. B 50: 42–44.

18. Smith, K. E., F. Anderson, C. Medus, F. Leano, and
J. Adams. 2005. Outbreaks of salmonellosis at elementary
schools associated with dissection of owl pellets. Vector
Borne Zoonotic Dis. 5: 133–136.

19. Smith, W. A., J. A. Mazet, and D. C. Hirsh. 2002.
Salmonella in California wildlife species: prevalence in
rehabilitation centers and characterization of isolates. J.
Zoo Wildl. Med. 33: 228–235.

20. Werber, D., J. Dreesman, F. Feil, U. van Treeck, G.
Fell, S. Ethelberg, A. M. Hauri, P. Roggentin, R. Prager,
I. S. Fisher, S. C. Behnke, E. Bartelt, E. Weise, A. Ellis,
A. Siitonen, Y. Andersson, H. Tschape, M. H. Kramer, and
A. Ammon. 2005. International outbreak of Salmonella
Oranienburg due to German chocolate. BMC Infect. Dis.
5: 7.

21. Wray, C., and A. Wray. 2000. Salmonella in Do-
mestic Animals. CABI Publishing, Cambridge, Massachu-
setts.

22. Zhao, S., P. F. McDermott, S. Friedman, J. Abbott,
S. Ayers, A. Glenn, E. Hall-Robinson, S. K. Hubert, H.
Harbottle, R. D. Walker, T. M. Chiller, and D. G. White.
2006. Antimicrobial resistance and genetic relatedness
among Salmonella from retail foods of animal origin:
NARMS retail meat surveillance. Foodborne Pathog. Dis.
3: 106–117.

Received for publication 11 March 2006

Downloaded From: https://complete.bioone.org/journals/Journal-of-Zoo-and-Wildlife-Medicine on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


