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ABSTRACT: Livestock and pets have been
identified as carriers of Staphylococcus aureus;
however, the role of wild animals as a reservoir
of S. aureus strains has not yet been examined.
We conducted a pilot study to determine the
prevalence of methicillin-sensitive S. aureus
(MSSA) and methicillin-resistant S. aureus
(MRSA) in 37 species of wild animals rehabil-
itated at a university clinic. Nasal, wing, wound,
and cloacal swabs were collected. Of 114
animals, seven (6.1%) were MSSA-positive
and three (2.6%) were MRSA-positive. The
MRSA isolates were obtained from two eastern
cottontail rabbits (Sylvilagus floridanus) and a
Lesser Yellowlegs (Tringa flavipes), a migratory
shorebird. Antibiotic resistance testing of the
MRSA isolates revealed that two were addi-
tionally resistant to tetracycline and erythromy-
cin, and the third isolate was also resistant to
erythromycin, clindamycin, and levofloxacin.
All three isolates were positive for the Panton-
Valentine leukocidin (PVL) gene. Sequence
typing of the staphylococcal protein A (spa)
region revealed one MRSA isolate to be t002,
whereas the other two MRSA isolates were
found to be t008. Our results suggest that .
aureus, including MRSA, is being carried by
wild animals, although at a low prevalence with
the limited number of animals tested. Addi-
tional studies are needed to determine how this
may impact human health.

Key words: Antibiotic resistance, MRSA,
Staphylococcus aureus, wildlife, zoonosis.

A complete understanding of infectious
disease in humans requires an ecological
approach. It is not sufficient to investigate
microbes solely in the context of human
infection; we also must gather knowledge
about infection of other species with which
we share our spaces and our natural
resources. Almost 75% of emerging human
pathogens originated in animals (Woolhouse
and Gowtage-Sequeria, 2005), leading to
the concept of “One World, One Health”
(One Health, 2010). This concept is the idea
that the same microorganisms can have
effects on both human and animal health,

necessitating communication between indi-
viduals working in both of these areas.

Staphylococcus aureus is a common
bacterium that causes a variety of infec-
tions. Although 30% of Americans are
colonized with S. aureus (Graham et al.,
2006), colonization by strains of S. aureus
that are resistant to the antibiotic methi-
cillin is less common. Methicillin-resistant
Staphylococcus aureus (MRSA) also in-
fects animals, including livestock and pets;
however, examination of infections and
carriage in wildlife is lacking. The bacte-
rium has been isolated from horses (Equus
ferus caballus; Weese et al., 2006), cattle
(Bos primigenius; Juhasz-Kaszanyitzky et
al, 2007), dogs (Canus lupus familiaris)
and cats (Felis catus) (Baptiste et al,
2005), and swine (Sus scrofa domesticus;
Huijsdens et al., 2006; Khanna et al., 2008;
Smith et al., 2009). Isolates from swine
and their human caretakers frequently are
indistinguishable, suggesting transmission
between these species (Huijsdens et al.,
2006; Khanna et al., 2008). Limiting
investigation to human isolates of potential
pathogens provides us with a narrow
snapshot of the overall ecology of these
pathogens, and might cause us to miss
potential routes of transmission between
humans and animals.

Using sterile swabs, we collected 158
samples from the nasal mucosa, wings,
wounds, and cloaca of 114 orphaned or
injured wildlife patients of 37 species
presenting to the Wildlife Care Clinic at
Iowa State University. Ames, Iowa, USA,
from July 2009 to May 2010. Animals were
swabbed immediately upon entry to the
facility to minimize opportunities to ac-
quire S. aureus within the facility. Swabs
were placed on ice and mailed to the
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Tasie 1. Molecular characteristics of methicillin-sensitive Staphylococcus aureus isolates from wildlife

species in central Jowa.

Panton-Valentine

Antibiotic  leukocidin gene Staphylococcal ~ Multilocus
Isolate Species resistance® presence protein A type sequence type
WCC5001  Great Horned Owl (Bubo virginianus) None No t4735
WCC7801  European Beaver (Castor fiber) None Yes 14368 ST1959
WCC8501  Great Blue Heron (Ardea herodias) None No t2603
WCC10001 Rock Pigeon (Columba livia) T, hGISA No 14634 ST2018
WCC10101 Rock Pigeon None No t1059
WCC10901 Fox squirrel (Sciurus niger) None No t1166
WCC13301 Screech Owl (Megascops sp.) T No 1094

# T = Tetracycline, hGISA = hctcrogencous-glycopcptidc intermediate S. aureus.

University of Iowa, Iowa City, Iowa, USA,
for bacterial culture, as previously de-
scribed (Smith et al., 2009), with the
addition of a mannitol salt agar plate for
detection of methicillin-susceptible S.
aureus. The presence of the Panton-
Valentine leukocidin (PVL) gene and
determination of staphylococcal protein
A (spa) type and multilocus sequence type
(MLST) (selected isolates only) were
carried out as previously described
(O’Brien et al., 2012).

All isolates were tested for antimicrobial
susceptibility by the broth dilution method
(CLSI, 2009). Isolates were tested for
susceptibility to an array of antimicrobials,
including: penicillin, oxacillin, tetracycline,
erythromycin, clindamycin, trimetrexate,
quinupristin/dalfopristin, gentamicin, levo-
floxacin, moxifloxacin, linezolid, daptomycin,
vancomycin, and rifampin. Isolates also were
tested using the Etest GRD (glycopeptide
resistance detection) test (AB Biodisk, Solna,
Sweden) for the detection of GISA (glyco-
peptide-intermediate Staphylococcus aure-
us) or hGISA (heterogeneous-GISA).

Seven of 114 animals (6.1%) were nasal
carriers of methicillin-sensitive Staphylo-
coccus aureus (MSSA). MSSA isolates
were obtained from one Great Horned
Owl (Bubo virginianus), one European
beaver (Castor fiber), one Great Blue
Heron (Ardea herodias), two Rock Pi-
geons (Columba livia), one fox squirrel
(Sciurus niger), and one Screech Owl
(Megascops sp.)- The MSSA isolate from

the European beaver was PVL-positive
and identified as spa type t4386; however,
it exhibited no resistance to any of the
antibiotics tested. This isolate was deter-
mined by MLST to be the recently
identified type ST1959. The MSSA iso-
lates from one rock pigeon and the
screech owl were resistant to tetracycline;
the Rock Pigeon isolate also was found to
express intermediate resistance to glyco-
peptide antibiotics (hGISA), and was spa
type t4634. The MLST revealed it to be a
relatively new type, ST2018. A variety of
spa types were observed (Table 1).

Three of the 114 animals (2.6%) were
positive for MRSA, including nasal sam-
ples from two eastern cottontail rabbits
(Sylvilagus floridanus) that were litter-
mates, as well as nasal and wound samples
from a Lesser Yellowlegs (Tringa flavipes)
shorebird. The rabbit MRSA isolates were
PVL-positive. Additionally, these isolates
were resistant to tetracycline and erythro-
mycin and were identified as spa type
t008. The isolates from the Lesser Yellow-
legs were resistant to oxacillin, erythromy-
cin, clindamycin, and levofloxacin and
were identified as spa type t002 (Table 2).

This study shows that S. aureus is being
carried by various wild animals common-
ly found in Iowa, and one migratory
shorebird. Numerous investigators have
found that S. aureus carriage occurs in
livestock and pets (Baptiste et al., 2005;
Weese et al., 2006; ]uhasz—Kaszanyitzky et
al., 2007; Khanna et al., 2008; Smith et al.,
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Tasie 2. Molecular characteristics of methicillin-resistant Staphylococcus aureus isolates in central Iowa.

Antibiotic Panton-Valentine Staphylococcal

Isolate Species resistance® Jeukocidin gene presence protein A type
WCC4301 Lesser Yellowlegs (Tringa flavipes) O,EC L No t002
WCC5201  Eastern cottontail (Sylvilagus floridanies) O,TE Yes t008
WCC5301  Eastern cottontail O, TE Yes t008

> A,

* C = Clindamycin, E = Erythromycin, L = Levofloxacin

2009). Wildlife also is an important source
of zoonotic infections (Woolhouse and
Gowtage-Sequeria, 2005), as well as a
potential risk factor for spreading patho-
gens throughout the environment (Meer-
burg, 2010). Staphylococcus sp., including
aureus have been found in insectivores
and rodents (Hauschild et al., 2010) and
white-eared opossums (Didelphis albiven-
tris; Siqueira et al., 2010). Methicillin-
resistant S. aureus has been found in other
animals such as hamsters (Mesocricetus
sp.; Ferreira et al., 2011), birds (Class
Aves), rabbits (Family Leporidae), chin-
chillas (Chinchilla sp.), guinea pigs (Cavia
porcellus), turtles (Order Testudines),
squirrels (Family Sciuridae), seals (Super-
family Pinnipedia), and bats (Order Chi-
roptera) (Rich and Roberts, 2004; O’Mah-
ony et al., 2005; Rankin et al.,, 2005;
Walther et al., 2008). Ours is the first
study to look for carriage of S. aureus by a
variety of wild animals found in the
midwestern United States. Because trans-
mission is so poorly understood, more
studies addressing carriage in animals,
including wildlife, are necessary.

PDue to our opportunistic sampling
method and the time required to ship
isolates, we might be underestimating the
prevalence S. aureus infection in wild
animals in Iowa. We did not sample
workers in the Wildlife Care Clinic, so
we cannot rule out the possibility of
transmission from human carriers; howev-
er, caretakers were trained staff members
and took proper hygiene measures, in-
cluding wearing gloves when handling
animals; thus, human transmission is

, O = Oxacillin, T = Tetracycline.

unlikely. The molecular typing also sup-
ports our conclusion that nosocomial
transmission was unlikely to have been
involved in bacterial acquisition. The two
MRSA-positive rabbits were littermates,
so it is understandable that they would be
colonized with the same type; the Lesser
Yellowlegs had the same type isolated
from both the nasal and wound swab.

Risk of transmission of MRSA from wild
animals is not restricted to wildlife care-
takers. Companion animals and livestock
can be in contact with wildlife, and
transmission between animal species is
possible. Small animals, such as newborn
rabbits and squirrels, can be found in
residential areas and are handled by
people. Migratory birds can carry patho-
gens over long distances, thus facilitating
pathogen dissemination among human
and animal populations. Although not
linked to any outbreaks, MRSA has been
identified in rats (Rattus rattus) on swine
farms (van de Giessen et al., 2009). Thus,
wildlife might spread and transmit these
pathogens throughout the farm.

Our finding of an hGISA isolate from
wild animals was unexpected. Glycopep-
tides are among the first choice of drug
therapy for S. aureus infections due to the
high levels of resistance of B-lactams. With
the increased use of vancomycin in cases
of MRSA, strains of S. aqureus are increas-
ingly resistance to g]ycopeptides such as
vancomycin (Appelbaum, 2007). While
still relatively rare, the global prevalence
of hGISA is increasing (Rybak et al.,
2008). It is unknown how the rock pigeon
became colonized with this strain, but
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additional studies examining the preva-
lence of hGISA should be conducted.

We thank the Wildlife Care Clinic and
Smith lab personnel who helped with this
project. This study was supported by
University of Towa start-up funds to TCS.
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