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Background: Methicillin-resistant Staphylococcus aureus (MRSA) is recognized as a cause of nosocomial infections in both

human and veterinary medicine. Studies that examine the nasopharynx and guttural pouches of the horse as carriage sites for

MRSA have not been reported.

Hypothesis/Objective: MRSA colonizes the nasopharynx and guttural pouch of horses. To determine the prevalence of

MRSA in equine nasopharyngeal wash (NPW) and guttural pouch lavage (GPL) samples in a field population of horses.

Samples: One hundred seventy-eight samples (123 NPW and 55 GPL) from 108 horses.

Methods: Prospective study. Samples were collected from a convenience population of clinically ill horses with suspected

Streptococcus equi subsp. equi (S. equi) infection, horses convalescing from a known S. equi infection, and asymptomatic

horses undergoing S. equi screening. Samples were submitted for S. aureus aerobic bacterial culture with mannitol salt broth

and two selective agars (cefoxitin CHROMagar as the PBP2a inducer and mannitol salt agar with oxacillin). Biochemical

identification of Staphylococcus species and pulsed-field gel electrophoresis (PFGE), to determine clonal relationships between

isolates, were performed.

Results: Methicillin-resistant Staphylococcus (MRS) was isolated from the nasopharynx of 7/108 (4%) horses. Three

horses had MRSA (2.7%), and 4 had MR-Staphylococcus pseudintermedius (MRSP). MRSA was isolated from horses on the

same farm. PFGE revealed the 3 MRSA as USA 500 strains.

Conclusions and Clinical Importance: Sampling the nasopharynx and guttural pouch of community-based horses revealed

a similarly low prevalence rate of MRSA as other studies sampling the nares of community-based horses. More study is

required to determine the need for sampling multiple anatomic sites when screening horses for MRSA.
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Staphylococcus aureus is a Gram-positive organism
frequently associated with infection of the skin and

mucous membranes. Methicillin-resistant Staphylococcus
aureus (MRSA) is a multiple drug-resistant organism
that is a pathogen of humans and animals. There might
be a zoonotic risk from horses with active infection or
carrier status,1–3 there is evidence of human to equid
transmission.4 Community-acquired MRSA strains have
been identified in nonhospitalized humans and equid

populations that have no typical risk factors for MRSA
acquisition.5 As the same MRSA strain has been found
in both community-acquired and nosocomial infections
in equine hospitals, defining the prevalence of MRSA in
a general field population might help to identify the
true level of risk for cross-transmission among horses
and between horses and people.

Studies in North America, Europe, Australia, Asia,
and the Middle East to determined the prevalence of
MRSA in both hospitalized and nonhospitalized
horses.1,4–9 Nasal carriage rates of MRSA in horses in
the community ranged from 0 to 4.7% in North America,
although targeted surveillance of farms with horses
known to carry MRSA revealed a prevalence as high as
12%.5 MRSA nasal carriage in the general equine popu-
lation of the United Kingdom ranged from 0 to 0.6%.10

Prevalence of MRSA carriage in hospitalized horses
ranged from 2.7% in Canada11 to 12% in the United
Kingdom.12 The previously reported prevalence might
under-represent true carriage as all samples were
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GPL guttural pouch lavage

MR methicillin resistant

MRSA methicillin-resistant Staphylococcus aureus

MRS methicillin-resistant Staphylococcus

MRSP methicillin-resistant Staphylococcus pseudintermedius

MSA mannitol salt agar

MSB mannitol salt broth

MSSS methicillin-susceptible Staphylococcus species

NPW nasopharyngeal wash

PBP2a penicillin binding protein

PFGE pulsed-field gel electrophoresis

S. equi Streptococcus equi subsp. equi
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acquired from the nasal passage of horses. Many human
hospitals use a combination of sites which include the
nares, throat, and perineum for routine screening and
emphasize the importance of sampling the throat.13–17 In
a study that examined colonization of humans with con-
current MRSA infection, the throat was the only positive
site in 17% of patients and 33% of their close human
contacts.16 It was also found that colonization persisted
for extended periods of time in the throat, which might
be the reason that treated patients recolonize their
nares.16 To our knowledge, studies which sample the
nasopharynx or guttural pouches of the horse for MRSA
have not been reported. The objective of the study
reported here was to determine the prevalence of MRS in
equine nasopharyngeal and guttural pouch wash samples,
in order to address the hypothesis that MRS colonizes
the nasopharynx and guttural pouches of horses.

Material and Methods

Samples

Nasopharyngeal wash (NPW) and guttural pouch lavage (GPL)

samples were collected from a convenience population of clinically

ill horses with suspected Streptococcus equi subsp. equi (S. equi)

infection, horses convalescing from a known S. equi infection, and

asymptomatic horses undergoing S. equi screening. Antibiotic

treatment status was not available. Lavage samples were submitted

to the University of Pennsylvania’s New Bolton Center Clinical

Microbiology Laboratory for bacterial culture. More than one

sample originated from some horses due to the nature of diagnos-

tic testing protocols for strangles. The experimental protocol was

approved by the University of Pennsylvania’s Institutional Animal

Care and Use Committee.

Testing

Aerobic culture and bacterial species identification for strepto-

coccal species and real-time polymerase chain reaction (PCR) for

S. equi were performed as previously described.18 To detect

MRSA, aerobic culture was performed by incubating 100 lL of

wash fluid sample for a minimum of 18 hour at 35°C in mannitol

salt brotha (MSB) to select for the presence of Staphylococcus. A

10-lL loop was used to subculture samples on both CHROMagar-

MRSAb and mannitol salt agar (MSA) with 4 lg/mL of oxacillinc,

and these plates were incubated overnight at 35°C. Presumptive

MRSA isolates (mauve colonies on CHROMagar-MRSA plates

and yellow colonies on MSA plates) were tested for the production

of catalase. Catalase positive isolates were then tested for penicillin

binding protein (PBP2a) to identify methicillin-resistant (MR)

staphylococci via rapid slide latex agglutination kit (Oxoid PBP2’

Latex Test). Species were identified on a Sensititre ARIS @xd with

the GPID panel, and antimicrobial susceptibility was determined

with a veterinary companion animal equine MIC panel (COM-

PAN1F). Methicillin-resistant Staphylococcus (MRS) isolates were

stored in Microbank� cryopreservation tubes.e Macrorestriction

pulsed-field gel electrophoresis (PFGE) was performed on MRSA

isolates as previously described.19 Clonal relatedness was deter-

mined from the dendrogram with a cutoff of 80%.19

Results

One hundred and seventy-eight samples (123 NPW
from 78 different horses and 55 GPL from 38 different

horses) from 108 different horses were tested for MRS.
The median age of subjects was 6 years (range 0.2–27,
IQR 3–10 years). Breed information was available for
105 horses and was distributed as follows: 32/105 (30%)
Standardbreds, 19/105 (18%) Thoroughbreds, 17/105
(16%) Warmbloods, 14/105 (13%) pony breeds, 11/105
(10%) Quarter Horses, and 12/105 (12%) other breeds.
For animals where sex was recorded, the majority 52/
103 (50%) were female, 13/103 (13%) were male, and
38/103 (37%) were geldings. Horses were sampled from
34 farms; 78 (73%) of the horses came from 5 farms
(32, 26, 9, 7, and 4 horses, respectively), and 29/107
(27%) were from individual farms. One hundred and
seventy-seven samples had the horse’s strangles clinical
status identified on the laboratory submission form: 24
different horses were classified as clinical, 38 different
horses were classified as convalescent, and 58 different
horses were classified as asymptomatic at the time of
sampling. Of the 108 horses from which samples were
obtained, 62 (57%) had a single sample tested, 27
(25%) had two samples tested, and 15 (14%) had 3
samples tested. Three horses had 4 samples tested, and
1 horse had 6 samples tested. Five horses had more
than one sample type (NPW and GPL).

Seven presumptive MRS were isolated from equine
nasopharyngeal washes from 108 different horses (4%).
None were isolated from guttural pouch washed. All 7
were PBP2a positive and were identified as MRSA (4/
108, 3.7%) and MR-Staphylococcus pseudintermedius
(MRSP) (4/108, 3.7%). MRSA was found in nasopha-
ryngeal samples from 3 different horses asymptomatic
for strangles: twice from different samples 7 days apart
from a 4-month-old Standardbred filly, once from her
10-year-old Standardbred dam, and once from a 2-year-
old Standardbred filly; all resided on the same breeding
farm. Of the 32 horses sampled on this farm, these three
resulted in an on-farm MRSA prevalence of 9%.
Results of the PGFE comparison are found in Figure 1;
all four samples were strain USA 500. Thirty-four sam-
ples were positive for S. equi (31 positive on direct PCR
and 13 positive on bacterial culture), none concurrently
with MRS.

Discussion

This study demonstrated a low community prevalence
(2.7%) of MRSA in equine nasopharyngeal and gut-
tural pouch wash samples. When data from one farm
are excluded, the prevalence of MRSA (in 76 horses)
was 0. This is similar to previous reports of nasal car-
riage rates in low risk community equine populations.
For example, MRSA was not isolated from the nares of
600 healthy Japanese Thoroughbred racehorses,4 from
300 community horses in Canada,20 or from 206 com-
munity horses in Israel.9 The cluster of positive horses
from one farm in the present study (9% of 32 horses) is
similar to the 12% prevalence found in a study that tar-
geted high-risk populations in Canada and New York
state. Horses were at higher risk for MRSA if they
resided on farms larger than 20 horses.5 In the present
study, the MRSA-positive farm housed over 100 horses.
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MRSA was found twice in the nasopharynx of the same
foal, 7 days apart, demonstrating at least temporary
colonization. As the antibiotic treatment status was
not recorded on the laboratory submission, we do not
know if this played a role in our low recovery of
Staphylococcus.

In both humans and small animals, the nares are the
most common site used to screen for the presence of
MRSA. A combination of multiple locations is recom-
mended, including the throat, axilla, groin, and per-
ineum in humans13 and the mouth, ears, axilla, and
perineum in dogs21 for optimal screening for MRSA.
Multiple samplings have only been studied once in
horses (combined perianal and nares sampling at the
farm level)22 and yielded low MRSA prevalence (1 posi-
tive nares sample of 373 samples from 189 horses), and
this is not commonly implemented in practice. Foti
et al.23 sampled the conjunctiva in donkeys and identi-
fied MRSA in 4% (2/46). A study in 2013 found the
nasal vestibulum was the preferred sampling location
compared to the reflection of the nasal diverticulum
(alar fold) and the ventral meatus.24 We were unable to
compare the ability to recover MRSA from the throat
to that of the nares within the same horse or the same
population of horses because no samples from nares
were tested.

MRSA was not isolated from any guttural pouch
samples. This might be a reflection of the very low
prevalence in our population and smaller number of
guttural pouch samples obtained, rather than the lack
of MRSA in this anatomic location. Staphylococcus has
been isolated from the guttural pouch but these isolates
were not identified to species level.25–27 Clinical infec-
tions of MRSA in the guttural pouch and other areas
of the upper respiratory tract of the horses are rare.25

MRSP was also isolated from four nasopharynx sam-
ples from four different horses. There is one other previ-
ous report of MRSP found in the nares of a

hospitalized horse in Turkey28 and one in the nares of a
healthy harness-racing horse in Italy.29 MRSP was not
found in the nares of 300 community-based horses in
Canada.20 MRSP was found at a prevalence of 0.1% in
4,710 German equine clinical specimens.30 The clinical
importance of this organism has not yet been
determined.31,32 Although in a recent study, MRSP was
found to have the highest binding affinity for equine
corneocytes in vitro when compared to methicillin-sus-
ceptible Staphylococcal species (MSSS) and MRSA.33

No methicillin-resistant coagulase negative Staphylococ-
cus was detected due to this methodology and was not
the focus of this study.

The results of the PFGE showed that the 4 isolates
were identical and belonged to the USA 500 clone
(Fig 1). USA 500 was a common cause of both nosoco-
mial and community-onset infections in people in the
late 1990s and is now most frequently isolated from
horses (both nosocomial and community-acquired infec-
tions) and people who work with horses.7,8,34 Infections
with USA 500 have been identified in horses and their
caregivers.3,7,8

With samples that were submitted for the purpose of
S. equi detection enabled us to obtain nasopharyngeal
and guttural pouch samples and examine the throat as
a potential site for MRSA screening with no unneces-
sary testing of the horses. It did limit this population to
animals living on farms with known or suspected stran-
gles outbreaks resulting in clustering. Only a subset of
animals was considered completely healthy (asymp-
tomatic), whereas others were convalescing from a
S. equi infection or were clinical for active S. equi infec-
tion. Only a small portion of samples (34) were positive
for S. equi on either culture or PCR. Two different cul-
ture methods to isolate MRSA were used to obtain the
most sensitive and specific MRSA recovery rate possi-
ble. All 4 MRSA samples were positive on both meth-
ods. Although inhibition of staphylococcal species by

Fig 1. Genetic characteristics of the 4 MRSA isolates from community-based equine nasopharyngeal washes compared to a standard

known USA 500 clone. Clonal relatedness was determined from the dendrogram with a cutoff of 80%.19 PGFE: pulsed-field gel

electrophoresis.
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streptococcal species in human nasal passages35 and
human breast milk36 occurs, there is no information
available on the potential for S. equi and MRSA to
compete for the same niche in the equine pharynx and
guttural pouch. Group C streptococcal species do not
produce detectable levels of H2O2 which is one mecha-
nism of action for bactericidal activity against
S. aureus.35 Due to the nature of strangles outbreak
testing, a large percentage of the horses sampled came
from a small percentage of the farms in the study, and
some samples were repeated from the same horses.

Sampling the nasopharynx and guttural pouch of
community-based horses revealed a low prevalence rate
of MRSA similar to other studies that sampled the
nares of community-based horses. More work should
be performed to study the potential for increased recov-
ery when screening horses for MRSA by multiple ana-
tomic sites as has been shown useful in human and
small animal medicine in both community and hospital-
based populations.

Footnotes

a Mannitol Salt Broth, Northeast Laboratory, Waterville, ME
b CHROMagar-MRSA, Remel, Overland Park, KS
c Mannitol salt agar, Remel, Overland Park, KS
d Sensititre, Trek Diagnostics, Cleveland, OH
e Microbank� cryopreservation tubes, Prolab Diagnostics, Rich-

mond, ON, CA

Acknowledgment

The authors acknowledge the technical expertise of
Kathleen Boyajian and Sheri Young.

Conflict of Interest Declaration: Authors declare no
conflict of interest.

Off-label Antimicrobial Declaration: Authors declare
no off-label use of antimicrobials.

References

1. Weese JS, Archambault M, Willey BM, et al. Methicillin-

resistant Staphylococcus aureus in horses and horse personnel,

2000–2002. Emerg Infect Dis 2005;11:430–435.
2. Hanselmann B, Kruth S, Rousseau J, et al. Methicillin-resis-

tant Staphylococcus aureus colonization in veterinary personnel.

Emerg Infect Dis 2006;12:1933–1938.
3. van Duijkeren E, Moleman M, Sloet van Oldruitenborgh-

Oosterbaan M, et al. Methicillin-resistant Staphylococcus aureus in

horses and horse personnel: An investigation of several outbreaks.

Vet Microbiol 2010;141:96–102.
4. Kuroda T, Kinoshita Y, Niwa H, et al. Meticillin-resistant

Staphylococcus aureus colonization and infection in Thoroughbred

racehorses and veterinarians in Japan. Vet Rec 2016;178:19–473.
https://doi.org/10.1136/vr.103576.

5. Weese JS, Rousseau J, Traub-Dargatz JL, et al. Community-

associated methicillin-resistant Staphylococcus aureus in horses and

humans who work with horses. J Am Vet Med Assoc

2005;226:580–583.

6. Bussher JF, van Duijkeren E, Sloet van Oldruitenborgh-Oos-

terbaan MM. The prevalence of methicillin-resistant staphylococci

in healthy horses in the Netherlands. Vet Microbiol 2006;113:131–
136.

7. Axon JE, Carrick JB, Barton MD, et al. Methicillin-resistant

Staphylococcus aureus in a population of horses in Australia. Aus

Vet J 2011;89:221–225.
8. Sieber S, Gerber V, Jandova V, et al. Evolution of Mul-

tidrug-resistant Staphylococcus aureus infections in horses and col-

onized personnel in an equine clinic from 2005 and 2010.

Microbiol Drug Resist 2011;17:471–478.
9. Tirosh-Levy S, Steinman A, Carmeli Y, et al. Prevalence and

risk factors for colonization with methicillin resistant Staphylococ-

cus aureus and other Staphylococcal species in hospitalized and

farm horses in Isreal. Prevent Vet Med 2015;122:135–144.
10. Maddox TW, Scantlebury C, Clegg P, et al. A review of

the characteristics and treatment of methicillin-resistant Staphylo-

coccus aureus (MRSA) in the horse and a case series of MRSA

infection in four horses. Equine Vet Educ 2010;22:91–102.
11. Weese JS, Rousseau J, Willey BM, et al. Methicillin-resis-

tant Staphylococcus aureus in horses at a veterinary teaching hos-

pital: Frequency, characterization, and association with clinical

disease. J Vet Intern Med 2006;20:182–186.
12. Baptiste KE, Williams K, Willams NJ. Methicillin-resistant

staphylococci in companion animals. Emerg Infect Dis

2005;11:1942–1944.
13. Lauderdale TL, Wang JT, Lee WS, et al. Carriage rates of

methicillin-resistant Staphylococcus aureus (MRSA) depend on

anatomic location, the number of sites cultured, culture methods,

and the distribution of clonotypes. Eur J Clin Microbiol Infect Dis

2010;29:1553–1559.
14. Wang JT, Liao CH, Fang CT, et al. Incidence of and risk

factors for community-associated methicillin-resistant Staphylococ-

cus aureus acquired infection or colonization in intensive-care-unit

patients. J Clin Microbiol 2010;48:4439–4444.
15. Collins J, Raza M, Ford M, et al. Review of a three-year

methicillin-resistant Staphylococcus aureus screening programme.

J Hosp Infect 2011;78:81–85.
16. Ringberg H, Petersson AC, Walder M, et al. The throat:

An important site for MRSA colonization. Scand J Infect Dis

2006;38:888–893.
17. Lim MSC, Marshall CL, Spelman D. Carriage of multiple

subtypes of methicillin-resistant Staphylococcus aureus (MRSA) by

intensive care unit patients. Infect Control Hosp Epidemiol

2006;27:1063–1067.
18. Boyle AG, Rankin SC, Duffee L, et al. S. equi detection

PCR assay for equine nasopharyngeal and guttural pouch wash

samples J Vet Int Med 2016;30:276–281.
19. McDougal LA, Steward CD, Killgore GE, et al. Pulsed-

field gel electrophoresis typing of oxacillin-resistant Staphylococcus

aureus isolates from the United States: Establishing a national

database. J Clin Microbiol 2003;41:5113–5120.
20. Vengust M, Anderson MEC, Rousseau J, et al. Methicillin-

resistant staphylococcal colonization in clinically normal dogs and

horses in the community. Lett Appl Microbiol 2006;43:602–606.
21. Iverson SA, Brazil AM, Ferguson JM, et al. Anatomical

patterns of colonization of pets with staphylococcal species in

homes of people with methicillin-resistant Staphylococcus aureus

(MRSA) skin or soft tissue infection (SSTI). Vet Microbiol

2015;176:202–208.
22. Van den Eede A, Martens A, Feryn I, et al. Low MRSA

prevalence in horses at farm level. MBC Vet Res 2012;8:213.

23. Foti M, Fisichella V, Giacopello C. Detection of methi-

cillin-resistant Staphylococcus aureus (MRSA) in the microbial

flora from the conjunctiva of healthy donkeys from Sicily (Italy).

Vet Ophthalmol 2013;16:89–92.

1554 Boyle et al

https://doi.org/10.1136/vr.103576


24. Van den Eede A, Hermans K, den Abeele Van, et al. The

nasal vestibulum is the optimum sampling site for MRSA screen-

ing in hospitalised horses. Vet J 2013;197:415–419.
25. Anderson MEC, Lefebvre SL, Rankin SC, et al. Retrospec-

tive multicentre study of methicillin-resistant Staphylococcus aureus

infections in 115 horses. Equine Vet J 2009;41:401–405.
26. Chiesa OA, Garc�ıa F, Domingo M, et al. Cytological and

microbiological results from equine guttural pouch lavages

obtained percutaneously: Correlation with histopathological find-

ings. Vet Rec 1999;144:618–621.
27. Chiesa OA, Vidal D, Domingo M, et al. Cytological and

bacteriological findings in guttural pouch lavages of clinically

normal horses. Vet Rec 1999;144:346–349.
28. Aslantas O, Turkyilmaz S, Yilmaz MA, et al. Isolation of

Molecular Characterization of Methicillin-Resistant Staphylococci

from Horses, Personnel and Environmental Sites at an Equine

Hospital in Turkey. J Vet Med Sci 2012;74:1583–1588.
29. Mallardo K, Nizza S, Fiorito F, et al. A comparative evalu-

ation of methicillin resistant staphylococci from harness horses,

breeding mares and riding-horses in Italy. Asian Pacific Tropical

Biomed 2013;3:169–173.
30. Ruscher C, Lubke-Becker A, Wleklinski C-G, et al. Preva-

lence of Methicillin-resistant Staphylococcus pseudointermedius

isolated from clinical samples of companion animals and equidaes.

Vet Microbiol 2009;136:197–201.
31. Morris DO, Rook KA, Shofer FS, et al. Screening of Sta-

phylococcus aureus, Staphylococcus intermedius, and Staphylococcus

schleiferi isolates obtained from small companion animals for

antimicrobial resistance: A retrospective review of 749 isolates

(2003-04). Vet Dermatol 2006;17:332–337.
32. Weese JS, van Duijkeren E. Methicillin-resistant Staphylo-

coccus aureus and Staphylococcus pseudintermedius in veterinary

medicine. Vet Microbiol 2010;140:418–429.
33. Akridge HD, Rankin SC, Griffeth GC, et al. Evaluation of

the affinity of various species and strains of Staphylococcus to

adhere to equine corneocytes. Vet Dermatol 2013 Oct;24:525–e124.
34. Morris DO, Boston RC, O’Shea K, et al. The prevalence of car-

riage of methicillin-resistant staphylococci by veterinary dermatology

practice staff and their respective pets. Vet Dermatol 2010;21:400–407.
35. Regev-Yochay G, Trzcinski K, Thompson CM, et al. Inter-

ference between Streptococcus pneumoniae and Staphylococcus

aureus: In vitro hydrogen peroxide-mediated killing by Streptococ-

cus pneumoniae. J Bacteriol 2006;188:4996–5001.
36. Heikkla MP, Saris PEJ. Inhibition of Staphylococcus aureus

by the commensal bacteria of human milk. J App Microbiol

2003;95:471–478.

MRSA Prevalence in Horse Throats 1555


