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Case report: disseminated Staphylococcus aureus infections in
two infant desert cottontail rabbits (Sylvilagus audubonii)
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Abstract

Staphylococcus aureus is a frequent pathogen in mammals, including rabbits. It
can cause suppurative inflammation with a variety of clinical presentations,
sometimes resulting in high morbidity and mortality. Outbreaks have been
reported in both domestic European rabbits (Oryctolagus cuniculus), and in cot-
tontail rabbits (Sylvilagus spp.). The Colorado Wild Rabbit Foundation recently
identified two cases of disseminated S. aureus infections in sibling infant desert
cottontail rabbits (S. audubonii) that were presented for rehabilitation. This case
report describes the course of the disease, attempted treatment, and pathology
findings. Culture and sensitivity tests indicated susceptibility of the pathogen
to all antibiotics tested, including trimethoprim-sulfamethoxazole (TMP-SMZ).
However, both cases resulted in disseminated spread, against which TMP-SMZ
was ineffective. Cottontail rabbit rehabilitators should be aware of the poten-
tially subtle clinical signs, the possibility of outbreaks within a facility, and the
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difficulties in treating this disease.

Introduction

Staphylococcus aureus is a major pathogen that affects
humans and other animals (Cheung et al. 2021; Stewart
2022). It is a well-known cause of morbidity and mor-
tality in domestic European rabbits (Oryctolagus cunicu-
lus), and infections have been found in several species
of wild rabbits and hares (Barthold et al. 2016). While
cases have been described in cottontail rabbits (Sylvilagus
spp.) (McCoy & Steenbergen 1969; Wardyn et al. 2012),
reports of infections in infant cottontail rabbits are rare.
The Colorado Wild Rabbit Foundation (CWRF) recently
identified two cases of S. aureus infections in sibling infant
desert cottontail rabbits (S. audubonii) that were presented
for rehabilitation. Here we provide a description of the
course of the disease, attempted treatment, and pathol-
ogy findings, from the wildlife rehabilitator’s perspective.

Background and case reports

Staphylococcus aureus is a gram-positive cocci bacterium
that is a frequent inhabiter of the skin and other body
sites of healthy rabbits; however, it can cause severe
infections under some circumstances, such as when the
pathogen gains entry into the body through wounds or
other pathways (Cheung et al. 2021; Varga Smith 2023a).

CWREF: Colorado Wild Rabbit Foundation
MIC: Minimum inhibitory concentration
MRSA: Methicillin-resistant Staphylococcus
aureus

PO: oral

SID: once a day

TMP-SMZ: Trimethoprim-sulfamethoxazole

Many rabbits harbor the organism without ever becom-
ing ill, so it may be considered part of their normal flora.
In one study, S. aureus was isolated from 85% of samples
collected from healthy pet rabbits (Jangsangthong et al.
2022). Hermans et al. (1999) tested rabbits from 19 rabbi-
tries and found S. aureus in 11 out of 12 clinically healthy
herds, as well as in seven out of seven unhealthy herds.
Similarly, in a study of 400 intensively farmed rabbits
in Italy, Attili et al. (2020) found that 71% were colo-
nized with S. aureus at one or more body sites, but only
8.8% had lesions. These authors also found that the risk
for S. aureus-infected skin lesions increased with age and
number of body sites colonized.

Two patterns of infection can be attributed to different
strains of the organism: low-level, sporadic lesions caused
by low-virulence strains, and epizootic outbreaks with
high morbidity and mortality caused by high-virulence
strains (Hermans et al. 1999; Corpa et al. 2009; Barthold
et al. 2016). Both virulence factors of the pathogen and
host resistance play roles in causing disease (Spaulding
et al. 2012; Varga Smith 2023a). Staphylococcus aureus can
cause suppurative inflammation and has been known to
result in a variety of diseases in rabbits, including der-
matitis, mastitis, pododermatitis, multisystemic absces-
sation, respiratory infections, and septicemia (McCoy &
Steenbergen 1969; Corpa et al. 2009; Varga Smith
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2023a). According to these authors, it is spread primar-
ily via direct contact, such as from a doe to her Kkits, bite
wounds, or a shared environment. In commercial domes-
tic rabbit production facilities, S. aureus-caused infections
such as chronic abscesses, mastitis, and neonatal septi-
cemia are well-known, and can be important causes of
death in both adult and young rabbits (Corpa et al. 2009;
Ferreira et al. 2014; Barthold et al. 2016).

Staphylococcus aureus grows well in culture, and
gram-positive cocci in clusters can often be seen on
gram stains of exudate (Markey et al. 2013), allowing
for a rapid presumptive diagnosis (Ranzani et al. 2020).
However, infections caused by this organism can be dif-
ficult to treat for a variety of reasons: they may result in
chronic, encapsulated abscesses that are unable to heal
unless surgically removed (Varga Smith 2023b); hema-
togenous spread can result in multiple abscesses through-
out the body, including endocarditis, as well as septicemia
(Spaulding et al. 2012; Stewart 2022; Varga Smith 2023a);
even when susceptible, S. aureus infections can be resis-
tant to treatment with antibiotics due to a number of vir-
ulence factors (Spaulding et al. 2012; Stewart 2022).

In July, 2023, two infant desert cottontail rabbits (approx-
imately two weeks old), presumably siblings, were brought
to a wildlife rehabilitation center in Colorado. They had been
found hopping around in the open in a park during a Fourth
of July fireworks display. Both appeared healthy at intake,
with no injuries and in good body condition. They were not
yet weaned, weighing 96 g (sib 1) and 86 g (sib 2). Reuniting
the infants with their mother was not attempted because
the nesting site could not be located; consequently, they were
accepted for rehabilitation and transferred to the CWRE

The rabbits were housed together and cared for using the
standard CWRF infant rabbit protocols. After 2-3 days, both
were readily eating milk replacer formula, initially from a
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syringe and then from a dish. They were also eating grass
and various forbs and were steadily gaining weight. On
day seven, sib 1 began showing non-specific signs of illness
(Fig. 1), including a “puffed up” appearance with piloerec-
tion, a hunched posture, a small amount of discharge from
both eyes, and the rabbit was favoring its right front paw.
The next day, small pustules were noticed on the lower lip
and chin (Fig. 2a). A subsequent examination revealed a
swollen and inflamed right front paw (Fig. 2b), as well as
an inflamed hind toe. As an infectious agent was then sus-
pected, per the CWRF protocol, the rabbit was prescribed
the antibiotic trimethoprim-sulfamethoxazole (TMP-SMZ,
40 mg/kg, PO, SID). While a common dose for TMP-SMZ

Fig. 1 An infant desert cottontail rabbit (sib 7) with a disseminated
Staphylococcus aureus infection, showing initial signs of iliness, including
piloerection, a hunched posture, and favoring its right front paw.

Fig. 2 Aninfant desert cottontail rabbit (sib 1) with a disseminated Staphylococcus aureus infection. (a) Pustules on the lower lip. (b) Front paw showing

swelling and inflammation.
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is 15-30 mg/kg BID (Miller et al. 2017; Fisher & Graham
2018), Varga Smith (2023c) recommends 40 mg/kg BID.
According to Budde & McCluskey (2023), the frequency
of administration of TMP-SMZ is controversial, with most
clinicians preferring twice-daily dosing. However, Fisher &
Graham (2018) lists once per day dosing as an option for
rabbits, albeit at 15-30 mg/kg. In order to minimize handling
(and the associated stress) when treating wildlife, once daily
drug dosing is generally preferred when possible. A pain
medication (meloxicam, 1 mg/kg, PO, SID [Fisher & Graham
2018]) was also prescribed. Despite these treatments, the dis-
ease progressed rapidly. On day 10, the lower lip and both
front feet were markedly swollen, and the overall status of
the rabbit had declined to the point where the decision was
made to euthanize.

During the necropsy of sib I, abscesses were found in
both front paws (Fig. 3a, b), on the chin, and on the lower
lip. Multiple small subcutaneous abscesses (Fig. 4), as well
as abscesses in the kidneys (Fig. 5a), lungs (Fig. 5b), and
the inside of the heart were found. Gram stains of exu-
date from the abscesses showed many gram-positive cocci
in grape-like clusters (Fig. 6). A presumptive diagnosis of
S. aureus was made at the CWRE and this diagnosis was
later confirmed by culture at a commercial veterinary
diagnostic laboratory. According to the laboratory’s report,
after growing “very many” S. aureus bacteria on the pre-
liminary culture, no additional growth was observed. In
addition, no growth was detected on an anaerobic culture.
However, given the difficulty of collecting anaerobic sam-
ples, the presence of anaerobic organisms cannot be ruled
out. (The specimen was collected aseptically from deep
within the abscess and immediately placed into a BD BBL™
CultureSwab™ Plus collector.) The antibiotic susceptibility
test showed susceptibility to all antibiotics tested, includ-
ing TMP-SMZ and other antibiotics often used in rabbits
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(Table 1). However, the susceptibility interpretations were
mostly of canine origin, as none were available for lago-
morphs. The laboratory reported that this pathogen was
also susceptible to methicillin.

Sib 2 remained apparently healthy, continued to gain
weight, and was successfully weaned. However, on day
13, crusty lesions were observed on one corner of the
mouth, and one front paw appeared swollen. The rabbit
was then prescribed TMP-SMZ, but at higher dose than
had been given to sib I (TMP-SMZ, 40 mg/kg, PO, BID
[Varga Smith 2023c]). The lesions on the mouth and the
swollen paw seemed to improve after a few days; how-
ever, intermittent raspy breathing and wheezing were
observed on day 18. The respiratory signs appeared to
subside; however, on day 21, the lesion on the mouth
re-appeared, and a large swelling on the neck became
apparent (Fig. 7). On day 22, the decision was to euth-
anize was taken.

Fig. 4 Necropsy of an infant desert cottontail rabbit (sib 1) with a
disseminated Staphylococcus aureus infection, showing many small
subcutaneous abscesses.

Fig. 3 Necropsy of an infant desert cottontail rabbit (sib 1) with a disseminated Staphylococcus aureus infection, showing large abscesses in the right (a)

and left (b) front paws. Slight pressure on the left abscess caused it to rupture, as seenin (b).
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Fig. 5 Necropsy of an infant desert cottontail rabbit (sib 1) with a disseminated Staphylococcus aureus infection. (a) Abscesses in the kidney. (b)

Abscesses in the lungs.

Fig. 6 Gram stain of abscess exudate from an infant desert cottontail
rabbit (sib 1) with a disseminated Staphylococcus aureus infection,
showing clusters of gram-positive cocci (1000x).

Table 1 Antibiotic susceptibility test results, performed by a commercial
veterinary diagnostic laboratory, from a culture of abscess exudate
from an infant desert cottontail rabbit (sib 1) with a disseminated
Staphylococcus aureus infection.

Organism Antibiotic MIC (pug/mL) Interpretation

Staphylococcus Chloramphenicol <8.0000 Susceptible

aureus
Doxycycline 0.2500 Susceptible
Enrofloxacin <0.2500 Susceptible
Marbofloxacin <1.0000 Susceptible
Minocycline <0.5000 Susceptible
Tetracycline 0.5000  Susceptible
Trimethoprim-sulfa- <2.0000 Susceptible

methoxazole

The necropsy of sib 2 showed a large abscess on the
neck and multiple small abscesses and crusty lesions on
the chin, neck, and toes (Fig. 8). No abscesses were found
within the body cavity; however, the lungs appeared mot-
tled (Fig. 9). A gram stain of exudate from the large neck

‘h .

Fig. 7 A young desert cottontail rabbit (sib 2) with a disseminated

Staphylococcus aureus infection, showing a crusty lesion on the corner
of the mouth and a large swelling on the neck.

abscess showed many gram-positive cocci, and S. aureus
was again confirmed via culture. The susceptibility test
also showed susceptibility to all antibiotics tested, includ-
ing TMP-SMZ.

Discussion

The lesions observed in these two cases were very similar
to those described in S. aureus infections by Corpa et al.
(2009) in domestic rabbits and by McCoy & Steenbergen
(1969) in eastern cottontail rabbits (S. floridanus). While
those cases were described as “outbreaks” with high
mortality (Corpa et al. 2009) or “epizootics” (McCoy &
Steenbergen 1969), the CWRF saw no apparent trans-
mission of the pathogen to other patients at the CWRF
facility, except possibly between the two siblings. Since
S. aureus is primarily spread through direct contact
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Fig. 8 Necropsy of a young desert cottontail rabbit (sib 2) with a disseminated Staphylococcus aureus infection. (a) Several small abscesses and crusty

lesions on the chin and neck, as well as a large abscess on the neck. (b) Crusty lesions on the toes.

.|

Fig. 9 Necropsy of a young desert cottontail rabbit (sib 2) with a dissemi-

nated Staphylococcus aureus infection, showing mottled lungs.

(Corpa et al. 2009), widespread transmission at the
CWRF may have been prevented because patients were
housed separately in large plastic tubs, either as individ-
uals or in small groups (mostly litter-based) in the case of
younger rabbits. This prevented direct contact between
individuals not housed together. Whether the strain
of S. aureus in these cases fell into the high-virulence
or low-virulence category was not determined. The
authors suspect that both infections described here were
acquired in the wild, while the kits were nursing, a com-
mon route of transmission in domestic rabbits (Corpa
et al. 2009). This suspicion is supported by the observa-
tion that the lesions first appeared on the mouths and
front paws, and by the absence of any visible injuries.
However, since initial clinical signs in sib 2 appeared
almost a week later than in sib I, spread between the
siblings cannot be ruled out.

Each rabbit was prescribed an antibiotic as soon as
clinical signs were observed. However, it is import-
ant to note that the initial signs in both rabbits were
subtle. In both cases, appetite, weight gain, feces, and
activity levels appeared normal until late in the course
of the disease. Once clinical signs were noticed in sib
1, the disease progressed quickly, and the rabbit was
euthanized three days later due to rapidly declining
health. Sib 2 initially appeared to respond to antibi-
otic treatment; by the time it became clear that the
infection was continuing to fester, a large abscess had
already developed on the neck. Given that these cases
presented during the height of the busy season at the
CWRE, it is possible that an earlier diagnosis could have
been achieved through more careful observation and
heightened awareness among the caretakers. Whether
this would have altered the outcomes in these two
cases is not known.

Disseminated S. aureus cases have been infrequently
diagnosed at the CWREF facility. These have typically
been found in adult cottontail rabbits, and the dis-
ease was usually too advanced at intake to attempt
treatment. The necropsy pictured in Fig. 10a shows
an example of an infection possibly originating from
mastitis, and Fig. 10b shows an example possibly orig-
inating from a large abscess in the axilla. Staphylococcus
aureus was confirmed through culture in both adult
cases. The sib 1 and sib 2 cases are the first confirmed
cases in infant rabbits at the CWRFE. However, dissem-
inated abscesses have occasionally been seen on nec-
ropsy in other infants; these may have been staph
infections, but the pathogen was not identified. All
cases at the CWRF appeared isolated and were not sus-
pected of being part of a larger epizootic outbreak.

The specific pathogen affecting sib I and sib 2 was
reported to be susceptible to all the antibiotics tested
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Fig. 10 Necropsies of adult desert cottontail rabbits with disseminated Staphylococcus aureus infections. (a) Shows mastitis and small abscesses on the

chest wall and liver. (b) Shows a large abscess in the axilla and small abscesses on the heart.

(Table 1), as well as to methicillin. It is important to note,
however, that two cases of methicillin-resistant S. aureus
(MRSA) were found in eastern cottontail rabbits during
a pilot screening study at an Iowa wildlife rehabilitation
center (Wardyn et al. 2012). As the potential for zoonotic
transmission exists, and both methicillin-susceptible
S. aureus as well as MRSA can result in serious diseases in
humans (CDC 2019; Cheung et al. 2021), rehabilitators
should exercise caution when working with suspected
S. aureus cases.

Despite being susceptible to TMP-SMZ, this antibiotic
was ineffective at treating the infections in sib I and sib 2,
and both rabbits required euthanasia. It is possible that
sib 1 was diagnosed too late in the course of the disease
for any antibiotic to have been effective. In sib 2, how-
ever, while TMP-SMZ seemed to have slowed the pro-
gression of the disease, it ultimately was inadequate as
a treatment, even at the higher dose. One factor which
may have played a role is that TMP-SMZ can be inacti-
vated by the presence of pus and other debris in infected
tissue (Goldstein & Proctor 2008; Budde & McCluskey
2023; Varga Smith 2023c¢). Staphylococcus aureus (as well
as Pasteurella spp.) infections are common in rabbits and
are known to cause purulent infections (Ferreira et al.
2014; Espinosa et al. 2020). In experimental studies,
TMP-SMZ has been shown to become ineffective in rab-
bits in as few as 24 hours after challenge with S. aureus
(de Go'rgolas et al. 1995). Different antibiotics may have
resulted in better outcomes and should be tried in future
cases. Corpa et al. (2009) indicated that tetracycline may
afford some benefit in domestic rabbits. Unfortunately,
antibiotic choices for cottontail rabbits are limited, partly
due to the sensitive nature of rabbits to many antibiotics
(Varga Smith 2023c), but also because cottontail rabbits
are a hunted species in many states, and as such are
considered food animals; many drugs otherwise used
in rabbit medicine are thus prohibited or require long
withdrawal periods in cottontail rabbits (Schott 2017).

Conclusion

While disseminated S. aureus infections have only been
diagnosed in a few individual cases at the CWRE this patho-
gen is known to have the potential for epizootics with high
morbidity and mortality. Staphylococcus aureus can be spread
through direct contact, and therefore proper biosecurity
protocols are important. As described in these two cases,
initial clinical signs can be subtle, and progression of the
disease can be rapid in the absence of antibiotic treatment.
Even with antibiotics, treatment is difficult, given both the
potential virulence of the pathogen and the limited choices
of antibiotics available for treating cottontail rabbits. TMP-
SMZ, a frequent first-choice antibiotic used in cottontail
rabbit rehabilitation, was ineffective at treating dissemi-
nated S. aureus in the cases presented here. Other treat-
ments, probably using different antibiotics, are needed to
improve outcomes. Among the myriad pathogens to which
cottontail rabbits are susceptible, specific clinical signs may
help identify the possible agent and lead to the appropriate
treatment. It is hoped that this case report of S. aureus in
infant cottontail rabbits will contribute to the rehabilitators’
toolbox for diagnosing and treating their patients.
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