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S. zooepidemicus is a gram-positive, opportunistic, β-hemolytic, 
Lancefield group C bacterium.9,23 This pathogen has been found 
to cause disease in a variety of animals, including horses, pigs, 
chickens, monkeys, ruminants, cats, dogs, guinea pigs, and hu-
mans.2,8,12,14,20,21,34 In horses it is one of the most common com-
mensal organisms found in the upper respiratory and urogenital 
tracts, as well as on the skin.7,9,23 Although more often caused by 
Streptococcus equi subsp. equi, S. zooepidemicus has been isolated 
alone in cases of strangles (a well-known disease of horses) in 
immune-compromised horses.23 Whether an infection in horses 
is caused by S. equi subsp. equi or S. zooepidemicus, the disease 
typically presents with clinical signs of pyrexia, swollen or 
abscessed lymph nodes, serous to purulent nasal discharge, 
anorexia, coughing, pneumonia, and depression.7,11,23,24 This 

pathogen is usually transmitted via oral and nasal routes, but 
may be transmitted by skin contact31 and contaminated food.3,6,19

Regarding the zoonotic potential of S. zooepidemicus infec-
tion, several cases of zoonosis from horses, guinea pigs, and 
dogs have been documented.1,9,13,14,16,27 In 2013, 2 human cases 
of septic shock and multiple organ failure were found to be due 
to S. zooepidemicus transmission from pet guinea pigs.31 More 
recently, the Department of Pediatric Infectious Diseases at the 
University of Texas reported a case of meningitis in a 6-mo in-
fant that tested positive for S. zooepidemicus.35 In humans, severe 
infections causing glomerulonephritis, endocarditis, pneumo-
nia, pericarditis, septic arthritis, osteomyelitis, meningitis, and 
death have been reported.1,13,18,31,35

Case Study
Clinical case 1. A 5-mo old, 415 g intact female chinchilla 

(Chinchilla lanigera) was received at our institution on June 29, 
2017 for use in an acoustic and physiologic measurement re-
search project. Physical examination at the time of arrival was 
normal. Forty days later, the experimentally naive chinchilla 
was evaluated for mild inappetence, weight loss, and a large 
left submandibular swelling (Figure 1 A). On examination, the 
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chinchilla was bright, alert, and responsive, had a body condi-
tion score of 2.5/5, and temperature, pulse, and respiration were 
all within normal limits. On palpation, the left submandibular 
mass was firm, nonmobile, and nonpainful. The animal was 
euthanized due to this finding, which made it a poor research 
candidate. Before euthanasia, the animal was anesthetized in 
an induction chamber with 3% isoflurane at a flow rate of 2 L/
min of O2. The animal was transferred to a nose cone to maintain 
anesthesia, and 1 mL of blood was drawn from the left femo-
ral vein for a CBC. Next, euthanasia was performed by using 
a 2 mL intracardiac injection of pentobarbital sodium solution 
(Fatal-Plus), and a diagnostic necropsy was performed.

Upon visual inspection, the submandibular mass measured 4 
x 3 x 3 cm. Margins extended to the lower left mandible, dorsal 
left scapular region, and the left ventral area of the thorax near 
the sternum (Figure 1 B). Exposure of the thoracic muscle layers 
revealed a lack of deep pectoral muscles on the left side below 
the mass (Figure 1 C). The mass was dissected out, showing at-
rophy of the left masseter and digastricus muscles (Figure 1 D). 
The right side contained a much smaller mass that was initially 

thought to be the right salivary gland. This mass was also dis-
sected out for comparison. No other gross lesions or abnormali-
ties were seen. Upon sectioning, both masses contained white, 
caseous exudate and were identified as abscesses (Figure 2). The 
left abscess contained approximately 9.0 mL of white caseous 
exudate. This exudate was collected with sterile swabs and sent 
to IDEXX BioAnalytics for aerobic culture and identification. 
Tissue samples were collected from both abscesses, lungs, liver, 
kidney, and spleen for histopathology.

The CBC results indicated that the chinchilla had mild, nonre-
generative anemia, likely due to an inflammatory response (ane-
mia of inflammatory disease) as characterized by leukocytosis, 
lymphopenia, monocytosis, and toxic neutrophils. S. zooepi-
demicus was isolated in pure culture from the mass, as identified 
by matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS). Histologically, a gram 
stain was performed, revealing gram-positive cocci in chains. 
The left abscess was fully contained in a fibrous connective tis-
sue capsule that incorporated the thyroid and a portion of the 
parotid salivary gland (Figure 3). Fatty tissue surrounding the 

Figure 1. Antemortem and postmortem picture of clinical case 1. (A) The gray gradients of dense and lanate hair coat of the chinchilla effectively 
obscured the development of the abscess (between arrows) from identification by routine visual evaluation. (B) In dorsal recumbency, alopecia 
of the dependent aspect of the mass, without noticeable skin inflammation, irritation, or abrasion was a common finding for abscesses of similar 
size. (C) Necropsy image, in dorsal recumbency with skin removed and encapsulated abscess exposed. The arrow denotes the lack of a deep 
pectoral muscle in the left axilla. (D) Removal of the mandible and in block removal of the well encapsulated abscess noted atrophy to the left 
masseter and digastricus muscles (arrow). The dental arcade was within normal limits.
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thymus contained lymphocytes and scattered PMNs. The tissue 
collected from the lungs, liver, spleen, and kidneys showed the 
presence of more lymphocytes, PMN proliferation, and macro-
phages, as well as tubular dilation with leukocytes within the 
renal tubules.

Clinical case 2. On December 13, 2017, a 6-mo old, 436 g intact 
female chinchilla was received for the same research project as 
the case above. Physical examination at the time of arrival was 
normal. Seventy-six days later, the chinchilla presented with 2 
large left axillary masses. Unlike the first case, this chinchilla 
had undergone several weeks of acoustic behavioral training. 
On examination, the chinchilla was bright, alert, and responsive, 
had a body condition score of 2.5/5, and temperature, pulse, 
and respiration were all within normal limits. On palpation, 
one mass was craniodorsal to her left axillary area, and the other 
mass was cranial ventral to her left axillary area. They were both 
firm, nonpainful, nonmobile, and attached to the muscle of her 
left forelimb, dorsal thoracic, and dorsal scapular region. As 
before, euthanasia was elected by the research laboratory due to 
the animal being a poor research candidate.

Before euthanasia, the animal was anesthetized in an induc-
tion chamber with 3% isoflurane at a flow rate of 2 L/min of O2. 
To maintain anesthesia, the animal was transferred to a nose 

cone, and 1 mL of blood was drawn from her left femoral vein 
for a CBC. Euthanasia was then performed by using a 2 mL 
intracardiac injection of pentobarbital sodium solution (Fatal 
Plus). A necropsy was then performed.

On visual inspection, the dorsal cranial abscess measured 3 
× 3 x 3 cm, and the ventral cranial abscess measured 2 × 3 x 3 
cm. They were joined by connective tissue under the left axillary 
region, with margins extending to the ventral cranial thoracic to 
the dorsal cranial region, caudal to the scapula. No other gross 
lesions were present. The 2 masses were dissected out from the 
left thoracic pectoral muscles, biceps brachii of the left forelimb, 
and the latissimus dorsi caudal to the scapula. No muscle atro-
phy was seen on this chinchilla, as compared with the first case. 
No further lesions or abnormalities were seen. Upon incision of 
the masses, white caseous exudate was present. The exudate was 
collected with sterile swabs and sent to IDEXX BioAnalytics for 
aerobic culture, identification, and antibiotic sensitivity testing. 
Tissue samples were collected from the mass, lungs, liver, kidney, 
brain, and spleen and were submitted for histopathology.

The CBC revealed a mild nonregenerative anemia and an in-
flammatory response with significant hypochromasia and a pre-
dominance of target cells and anisocytosis based on published 
reference values.29 Leukocytosis, with 3+ toxic neutrophils and 

Figure 2. Cut section of the left submandibular abscess from clinical case 1 containing 9.0 mL of pearl white caseous exudate. The white color of 
the purulent material within the abscess was consistent with all other clinical cases.
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vacuolated monocytes, was also present. As identified by Ma-
trix-Assisted Laser Desorption Ionization Time-Of-Flight Mass 
Spectrometry, S. zooepidemicus grew in pure culture from the 
samples of purulent material collected. The fibrous capsule of 
the abscess contained multifocal pockets of activated macro-
phages and neutrophils, with occasional foci of lymphocytes 
noted. Coagulative necrosis was seen within muscle cells that 
were attached to the fibrous capsule of the abscess with fibro-
blasts, macrophages, and poorly organized neutrophils. Marked 
amounts of PMNs and macrophages were seen within the cho-
roid plexus, heart, thyroid, and lungs. Within the liver, there was 
oval cell hyperplasia, with a marked increase in the number of 
infiltrating lymphocytes and PMNs.

Case-related Husbandry Chinchillas were obtained from the 
Ryerson Chinchilla Ranch (Plymouth, OH), which supplies 
chinchillas for both research and the pet-trade. Chinchillas at 
our institution are pair-housed in Allentown rabbit caging (4.5ft2 
floor space, 28”x 23”x 17”) on a 12:12 h light: dark cycle. Chin-
chillas are fed Mazuri Chinchilla Diet (Mazuri Exotic Animal 
Nutrition, St Louis, MO) and supplemented with timothy hay 
and daily nutritional enrichment of dried fruits and nuts. Dust 
baths are provided 3 times per week. The chinchillas are housed 
in the same room as nonspecific pathogen-free guinea pigs (Ca-
via porcellus), but all supplies are physically and procedurally 
separated. Standard personal protective equipment for entering 
this room includes a disposable gown, hair bonnet, and the use 
of gloves during handling. All animals were euthanized using 
acceptable methods from the AVMA Guidelines for the Eutha-
nasia of Animals.22 Chinchilla manipulations and procedures 
were approved by the University of Colorado Denver, Anschutz 

Medical Campus IACUC and were performed in an AAALAC-
accredited facility.

Bacteriology and Molecular Diagnostic. Methods: Culture 
swabs collected from both cases at the time of necropsy were 
aseptically removed from the transport medium and streaked 
for isolation onto BBL Trypticase Soy Agar with 5% sheep 
blood (TSA II; Becton Dickinson). Culture plates were incu-
bated aerobically at 35 °C with 7% CO2. Representative colo-
nies were selected and harvested for proteomic analysis using 
the direct transfer method as previously described.10,28 Bacteria 
were overlaid with 1 μL of a saturated solution of α-cyano-4-
hydroxycinnamic acid in 50% acetonitrile, 2.5% trifluoroacetic 
acid (Matrix HCCA, Bruker Daltronics, Billerica, MA), allowed 
to dry, and analyzed by matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry (MALDI-TOF MS) using 
a mass spectrometer (Microflex, Bruker Daltronics) and flex-
Control software (Bruker Daltronics). Bacterial identification 
was based on automated analysis by MALDI BioTyper software 
(Bruker Daltronics), which compared the spectra for each iso-
late with an integrated reference spectral database. Antibiotic 
susceptibility was determined by Kirby-Bauer disk diffusion 
assay for S. zooepidemicus isolated from the second case. The 
isolate showed antibiotic sensitivity to Amikacin, Amoxicillin/
Clavulanic Acid, Azithromycin, Cefazolin, Ceftiofur, Chloram-
phenicol, Enrofloxacin, Erythromycin, Gentamicin, Sulfametho-
zaxole/Trimethoprim, Tetracycline, and Tulathromycin.

To aid in the diagnosis and surveillance of S. zooepidemicus, 
a qPCR assay was implemented based on specific primers 
and probes for sodA and seeI to differentiate Streptococcus 
equi subsp. equi from Streptococcus equi subsp. zooepidemicus, as 

Figure 3. Histological section of the thick, fibrous, eosinophilic capsule wall of the submandibular abscess from clinical case 1, with a marginated 
portion of the basophilic, parotid salivary gland.
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described by Baverud and colleagues 2007.4 Quantitative PCR 
was performed in a total reaction volume of 20 μL in 96-well  
optical reaction plates using 1× TaqMan Buffer A (500 mM 
KCl, 100 mM Tris-HCl, 0.1 M EDTA, 600 nM passive reference 
dye ROX; pH 8.3 at room temperature), 300 μM each of dATP, 
dGTP, and dCTP, 600 μM dUTP, 5.5 mM MgCl2, 500 nM for-
ward primer, 500 nM reverse primer, 200 nM probe, 0.25 U of 
AmpErase uracil-N-glycosylase, 1.25 U AmpliTaq Gold DNA 
Polymerase and 10 μL of template DNA . The amplification con-
ditions for the ABI 7900 (Applied Biosystems) consisted of an 
initial step of 2 min at 50 °C and AmpliTaq Gold activation for 
10 min at 95 °C followed by 40 cycles of 15 s 95 °C, 1 min 60 
°C. Standard curves were generated by using the fluorescence 
data from the 10-fold serial dilutions of sodA and seeI DNA 
amplicons. The standard curve was then used to calculate the 
absolute copy number of the targets in test samples. Using this 
assay, all of the remaining 11 chinchillas from the original cohort 
that accompanied clinical case 1 were tested via PCR by an oral 
and a nasal swabs collected form each animal.

Results and Management: Of the 11 remaining chinchillas, 2 
(18%) more tested positive by PCR for S. zooepidemicus by oral 
swabs only, suggesting exposure, but they never developed clin-
ical evidence of infection. This resulted in a total of 4 of 28 (14%) 
testing positive for S. zooepidemicus, with only 2 (7%) develop-
ing abscesses after arriving at the institution. Because S. zooepi-
demicus has been documented to cause chronic lymphadenitis in 
guinea pigs,12,33 oral and conjunctival swabs were also collected 
from the 8 other guinea pigs housed in the same room. All of 
these guinea pig samples were negative for S. zooepidemicus.

To prevent spread of S. zooepidemicus within the vivarium, 
staff were required to change gloves between handling individ-
ual chinchillas and to work with guinea pigs prior to working 
with chinchillas. Upon receiving results from IDEXX BioAna-
lytics, our institution’s occupational health and safety program 
was notified, and precautions were taken by all animal care staff 
and lab members that entered the chinchilla housing room. In 
addition to standard personal protective equipment (disposable 
gowns, hair bonnet, and gloves), signs were placed to notify 
staff and lab members of the zoonotic potential and to recom-
mend changing gloves between each chinchilla. All staff were 
required to wash hands after leaving the room. Only one ship-
ment of chinchillas at a time was allowed at our institution to 
allow time for proper decontamination of the room before the 
arrival of new chinchillas.

After ruling out the guinea pig population as the source of 
infection, the chinchilla vendor was contacted to aid in the iden-
tification of the source of the infection. At that time, the vendor 
confirmed that subcutaneous abscesses, from which S. zooepi-
demicus had been cultured, and had seen previously in their 
breeding colony and that these lesions had usually been treated 
by administering antibiotics and lancing the abscess. Identifi-
cation of the cause and source of abscesses were not given by 
the vendor during this communication. Given our controlled 
research environment, standard PPE requirements, and PCR 
testing of our guinea pigs, we speculate that our chinchillas ac-
quired the pathogen prior to the arrival at our institution. In an 
uncontrolled environment, potential sources of S. zooepidemicus 
such as contaminated feed and transmission from other domes-
ticated species is possible and should be considered.

As a result of these findings, a surveillance program was initi-
ated using oral swabs as the primary sample for all chinchillas 
arriving at the institution. Since August 2018, 2 additional chin-
chillas euthanized and confirmed infected with S. zooepidemicus 
out of a cohort of 15 delivered from the vendor (13%). One 

presented with a subcutaneous mass on the ventral aspect of the 
neck and the other with respiratory depression, which was later 
confirmed as a septic pleural effusion where S. zooepidemicus 
was cultured. Duration from arrival to clinical presentation 
ranged from 12 to 76 d (35 ± 30 d, n = 4). To date, all chinchillas 
received after August 9, 2018, have been PCR-negative for S. 
zooepidemicus by oral swab, and no chinchillas have developed 
clinical signs suggestive of infection.

Discussion
In biomedical research, chinchillas are primarily used for 

studies related to the ear.33 Compared with other rodents, 
chinchilla’s large bulla, wide tympanic membrane, and phys-
iology are more comparable to humans than are other small 
animal models.30,33 Chinchillas have also been used in studies 
of immunology, infectious diseases, ophthalmology, and obstet-
rics.15,17,25,26,33 The veterinary medicine community has produced 
relatively few publications or documentation about diseases 
in chinchillas, and most of the available information has been 
obtained from the pet and fur trade of chinchillas.30,33

S. zooepidemicus has only recently been reported to infect chin-
chillas. A 2019 publication described a single case of a pet chin-
chilla presenting with similar clinical signs of a mid-cervical 
mass and testing positive for S. zooepidemicus.5 The results of our 
antibiotic susceptibility testing and data published in 2019 are in 
agreement with a prior publication showing that an antibiotic 
can be used successfully to treat the infection.5 In contrast to the 
2019 case, our chinchillas were euthanized due to possible re-
search implications, personnel safety, and the potential for cross-
contamination and spread to other species within our facility.

In summary, S. zooepidemicus pathogen can be found in many 
research and companion animal species. As with other infec-
tious and zoonotic pathogens, we must take appropriate precau-
tions for the wellbeing of the research animals and personnel. 
Given this possibility together with the potential adverse effects 
of S. zooepidemicus on animal health and research objectives, es-
tablishing programs for adequate health surveillance and moni-
toring is essential.

Acknowledgments
We thank David Eckoff at IDEXX BioAnalytics for his assistance in 

rapidly isolating and identifying the bacteria and notifying us of the 
zoonotic and occupational health hazard. We also thank Dr Emily 
Pearson and Dr John Peacock for their veterinary and technical 
assistance. Marcus J Crim is an employee of IDEXX BioAnalytics, a 
division of IDEXX Laboratories, a company that provides veterinary 
diagnostics. Funding for the purchase and housing of the chinchillas 
was provided by Daniel J Tollin (R01DC011555 from NIDCD). This 
project was funded by the Office of Laboratory Animal Resources, 
University of Colorado Denver, |Anschutz Medical Campus.

References
	 1.	 Abbott Y, Acke E, Khan S, Muldoon E, Markey B, Pinilla M, Leon-

ard F, Steward K, Waller A. 2010. Zoonotic transmission of Strep-
tococcus equi subsp. zooepidemicus from a dog to a handler. J Med 
Microbiol 59:120–123. https://doi.org/10.1099/jmm.0.012930-0.

	 2.	 Acke E, Midwinter A, Lawrence K, Gordon S, Moore S, Rasiah I, 
Steward K, French N, Waller A. 2015. Prevalence of Streptococcus 
dysgalactiae subsp. equisimilis and S. equi subsp. zooepidemicus in 
a sample of healthy dogs, cats and horses. N Z Vet J 63:265–271. 
https://doi.org/10.1080/00480169.2015.1016133.

	 3.	 Balter S, Benin A, Pinto SWL, Teixeira LM, Alvim GG, Luna 
E, Jackson D, LaClaire L, Elliott J, Facklam R. 2000. Epidemic 
nephritis in Nova Serrana, Brazil. Lancet 355:1776–1780. https://
doi.org/10.1016/S0140-6736(00)02265-0.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Streptococcus equi subspecies zooepidemicus infections in Chinchillas

375

	 4.	 Båverud V, Johansson S, Aspan A. 2007. Real-time PCR for 
detection and differentiation of Streptococcus equi subsp. equi and 
Streptococcus equi subsp. zooepidemicus. Vet Microbiol 124:219–229. 
https://doi.org/10.1016/j.vetmic.2007.04.020.

	 5.	 Berg CC, Doss GA, Mans C. 2019. Streptococcus equi subspecies 
zooepidemicus infection in a pet chinchilla (Chinchilla lanigera). J Exot 
Pet Med 31:36–38. https://doi.org/10.1053/j.jepm.2019.05.002.

	 6.	 Bordes-Benítez A, Sánchez-Oñoro M, Suárez-Bordón P, García-
Rojas A, Saez-Nieto J, González-García A, Alamo-Antunez I, 
Sánchez-Maroto A, Bolanos-Rivero M. 2006. Outbreak of Strep-
tococcus equi subsp. zooepidemicus infections on the island of Gran 
Canaria associated with the consumption of inadequately pasteur-
ized cheese. Eur J Clin Microbiol Infect Dis 25:242–246. https://
doi.org/10.1007/s10096-006-0119-x.

	 7.	 Boyle AG, Timoney JF, Newton JR, Hines MT, Waller AS, 
Buchanan BR. 2018. Streptococcus equi infections in horses: guide-
lines for treatment, control, and prevention of strangles—revised 
consensus statement. J Vet Intern Med 32:633–647. https://doi.
org/10.1111/jvim.15043.

	 8.	 Britton AP, Blum SE, Legge C, Sojonky K, Zabek EN. 2018. Multi-
locus sequence typing of Streptococcus equi subspecies zooepidemicus 
strains isolated from cats. J Vet Diagn Invest 30:126–129. https://
doi.org/10.1177/1040638717732372.

	 9.	 Chhatwal GS, editor. 2013. Host-pathogen interactions in streptococ-
cal diseases. Springer. https://doi.org/10.1007/978-3-642-36340-5

	10.	 Clark SE, Purcell JE, Sammani S, Steffen EK, Crim MJ, Livingston 
RS, Besch-Williford C, Fortman JD. 2016. Bordetella pseudohinzii as 
a confounding organism in murine models of pulmonary disease. 
Comp Med 66:361–366.

	11.	 Filioussis G, Karavanis E. 2019. An outbreak of respiratory infec-
tion in horses due to antibiotic Resistant Streptococcus equi subsp. 
Zooepidemicus in Greece. EC Microbiol 15:866–869.

	12.	 Fraunfelter FC, Schmidt RE, Beattie RJ, Garner FM. 1971. Lance-
field type C streptococcal infections in strain 2 guinea-pigs. Lab 
Anim 5:1–13. https://doi.org/10.1258/002367771781006645.

	13.	 Friederichs J, Hungerer S, Werle R, Militz M, Bühren V. 2010. Hu-
man bacterial arthritis caused by Streptococcus zooepidemicus: report 
of a case. Int J Infect Dis 14:e233–e235. https://doi.org/10.1016/j.
ijid.2009.08.009.

	14.	 Gruszynski K, Young A, Levine SJ, Garvin JP, Brown S, Turner 
L, Fritzinger A, Gertz RE Jr, Murphy JM, Vogt M, Beall B. 
2015. Streptococcus equi subsp. zooepidemicus infections associ-
ated with guinea pigs. Emerg Infect Dis 21:156–158. https://doi.
org/10.3201/eid2101.140640.

	15.	 Harrison JM, Irving R. 1966. Visual and nonvisual auditory sys-
tems in mammals. Science 154:738–743. https://doi.org/10.1126/
science.154.3750.738.

	16.	 Kittang BR, Pettersen VK, Oppegaard O, Skutlaberg DH, Dale H, 
Wiker HG, Skrede S. 2017. Zoonotic necrotizing myositis caused 
by Streptococcus equi subsp. zooepidemicus in a farmer. BMC Infect 
Dis 17:147. https://doi.org/10.1186/s12879-017-2262-7.

	17.	 Kuo C-Y, Wilson E, Fuson A, Gandhi N, Monfaredi R, Jenkins 
A, Romero M, Santoro M, Fisher JP, Cleary K. 2018. Repair of 
tympanic membrane perforations with customized bioprinted 
ear grafts using chinchilla models. Tissue Eng Part A 24:527–535. 
https://doi.org/10.1089/ten.tea.2017.0246.

	18.	 Kutsukutsa J, Rankhethoa N, Pillay JS, De Jager JF, Dangor Z, 
Mahabeer Y. 2019. Streptococcus equi subsp. zooepidemicus and 
‘Neighbourhood syndrome’—extra-orbitocranial rhinosinusitis 
with reversible sudden loss of vision-a case report. BMC Ophthal-
mol 19:117. https://doi.org/10.1186/s12886-019-1126-x.

	19.	 Kuusi M, Lahti E, Virolainen A, Hatakka M, Vuento R, Rantala 
L, Vuopio-Varkila J, Seuna E, Karppelin M, Hakkinen M. 2006. 
An outbreak of Streptococcus equi subspecies zooepidemicus associ-
ated with consumption of fresh goat cheese. BMC Infect Dis 6:1–7. 
https://doi.org/10.1186/1471-2334-6-36.

	20.	 Lamm CG, Ferguson A, Lehenbauer TW, Love B. 2009. Streptococ-
cal infection in dogs: a retrospective study of 393 cases. Vet Pathol 
47:387–395. https://doi.org/10.1177/0300985809359601.

	21.	 Las Heras A, Vela AI, Fernández E, Legaz E, Domínguez L, 
Fernández-Garayzábal JF. 2002. Unusual outbreak of clinical 
mastitis in dairy sheep caused by Streptococcus equi subsp. zooepi-
demicus. J Clin Microbiol 40:1106–1108. https://doi.org/10.1128/
JCM.40.3.1106-1108.2002.

	22.	 Leary SL, Underwood W, Anthony R, Cartner S, Corey D, Gran-
din T, Greenacre C, Gwaltney-Bran S, McCrackin M, Meyer R, 
Miller D, Shearer J, Yanong R. 2013. AVMA guidelines for the 
euthanasia of animals: 2013 edition. Schaumburg (IL): American 
Veterinary Medical Association.

	23.	 Lindahl S. 2013. Streptococcus equi subsp. equi and Streptococ-
cus equi subsp. zooepidemicus. Acta Universitatis Agriculturae 
Sueciae. Veterinaria 2013:53 1–75.

	24.	 Lindahl SB, Aspán A, Båverud V, Paillot R, Pringle J, Rash NL, 
Söderlund R, Waller AS. 2013. Outbreak of upper respiratory disease 
in horses caused by Streptococcus equi subsp. zooepidemicus ST-24. Vet 
Microbiol 166:281–285. https://doi.org/10.1016/j.vetmic.2013.05.006.

	25.	 Machado-Neves M, de Assis WA, Gomes MG, de Oliveira 
CA. 2019. Oviduct morphology and estrogen receptors ERα and 
ERβ expression in captive Chinchilla lanigera (Hystricomorpha: 
Chinchillidae). Gen Comp Endocrinol 273:32–39. https://doi.
org/10.1016/j.ygcen.2018.03.023.

	26.	 Mikkelsen E, Lauridsen H, Nielsen PM, Qi H, Nørlinger T, An-
dersen MD, Uldbjerg N, Laustsen C, Sandager P, Pedersen M. 
2017. The chinchilla as a novel animal model of pregnancy. R Soc 
Open Sci 4:161098. https://doi.org/10.1098/rsos.161098.

	27.	 Pelkonen S, Lindahl SB, Suomala P, Karhukorpi J, Vuorinen 
S, Koivula I, Väisänen T, Pentikäinen J, Autio T, Tuuminen T. 
2013. Transmission of Streptococcus equi subspecies zooepidemicus 
infection from horses to humans. Emerg Infect Dis 19:1041–1048. 
https://doi.org/10.3201/eid1907.121365.

	28.	 Philips BH, Crim MJ, Hankenson FC, Steffen EK, Klein PS, Brice 
AK, Carty AJ. 2015. Evaluation of presurgical skin preparation 
agents in African clawed frogs (Xenopus laevis). J Am Assoc Lab 
Anim Sci 54:788–798.

	29.	 Quesenberry KE, Carpenter JW, editors. 2012. Ferrets, rabbits, 
and rodents: clinical medicine and surgery, 3rd ed. St Louis (MO): 
Elsevier.

	30.	 Riggs SM, Mitchell MA. 2009. Chinchillas, p 474–492. Chapter 18. 
Manual of exotic pet practice. New York (NY): Elsevier. https://
doi.org/10.1016/B978-141600119-5.50021-4.

	31.	 Saleh M, Vialette V. 2013. Toxic shock syndrome related to Strep-
tococcus equi subsp zooepidemicus. BMJ Case Rep 2013:1–3. https://
doi.org/10.1136/bcr-2013-200566.

	32.	 Skive B, Rohde M, Molinari G, Braunstein TH, Bojesen AM. 
2017. Streptococcus equi subsp. zooepidemicus invades and survives 
in epithelial cells. Front Cell Infect Microbiol 7:1–15. https://doi.
org/10.3389/fcimb.2017.00465.

	33.	 Suckow MA, Stevens KA, Wilson RP. 2012. The laboratory rabbit, 
guinea pig, hamster, and other rodents. San Diego (CA): Academic 
Press.

	34.	 Velineni S, Timoney JF, Russell K, Hamlen HJ, Pesavento P, Fort-
ney WD, Crawford PC. 2014. Clones of Streptococcus zooepidemicus 
from outbreaks of hemorrhagic canine pneumonia and associated 
immune responses. Clin Vaccine Immunol 21:1246–1252. https://
doi.org/10.1128/CVI.00222-14.

	35.	 Zahlanie Y, Almatrafi M, Filkins L, Hsiang MS. 2019. Possible 
canine source of Streptococcus equi subspecies zooepidemicus causing 
meningitis in an infant. IDCases 17:1–3. https://doi.org/10.1016/j.
idcr.2019.e00568.Figure 4. Fibrous connective tissue capsule wall, 
with lower left peripherally marginated portion of the parotid 
salivary gland.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25


