
REGULAR ARTICLES

A cross-sectional study of methicillin-resistant Staphylococcus
aureus at the equine-human interface

Namra Waqar1 & Quratulain Amin1
& Tariq Munir1 & Muhammad Sohaib Ikram2

& Naveed Shahzad3
& Arkim Mirza4 &

Arshad Ali5 & Muhammad Imran Arshad1

Received: 5 November 2018 /Accepted: 3 April 2019 /Published online: 10 April 2019
# Springer Nature B.V. 2019

Abstract
The present study aimed at investigating the percent prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in
equines and associated personnel. A total of 150 swabs of equines and 50 nasal swab samples of associated personnel were
collected. These samples were processed in mannitol salt broth for enrichment. A total of 175 nasal swab samples changed the
broth color from pink to yellow which were detected as samples containing S. aureus. These samples were processed further on
specific media, namely mannitol salt agar, Staph-110, and blood agar, for phenotypic and Gram’s staining–based confirmation of
S. aureus isolates. Out of these 175 S. aureus–positive samples, 150 were of equine and 25were of human origin. Identification of
MRSA isolates in 175 S. aureus–positive samples was carried out by antimicrobial susceptibility testing by disc diffusion
method. Results showed the presence of MRSA in 87 samples, out of which 81 samples were collected from equines and six
samples from humans. Results of antibiotic testing revealed that percentage positivity of MRSAwas higher (54%) in equines as
compared with the associated personnel (24%). Most resistant antibiotics against MRSA isolates were oxacillin and methicillin
while linezolid was found to be the most sensitive antibiotic against MRSA. In conclusion, our findings indicated prevalence of
MRSA in equines and associated personnel evidencing an occupational risk of contracting MRSA from horses.
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Introduction

The transmission dynamics of infectious diseases due to pos-
sible interaction of human, animals, and the environment re-
sults in public health disease outbreaks (Buttigieg 2015). One
Health concept considers the dynamic interaction between
animals, humans, and the pathogens living in the same envi-
ronment. The S. aureus is a Gram-positive bacterium and

some strains of S. aureus have developed resistance against
certain antibiotics due to their widespread use and improper
dosage regime (Grema et al. 2015). Penicillin worked like a
wonder drug until the discovery of methicillin in the 1940s.
According to one hypothesis, methicillin-susceptible
S. aureus attained the methicillin resistance responsible gene,
i.e.,mecA, from coagulase-negative Staphylococcus through a
procedure known as horizontal gene transfer, developing a
strain named as methicillin-resistant S. aureus (MRSA)
(Stryjewski and Corey 2014). The mecA gene encodes a pro-
tein known as penicillin-binding protein (PBP2a) which con-
fers resistance to different beta-lactam antibiotics by produc-
ing alterations in bacterial cell wall biosynthesis (Walther et al.
2017). This gene is present in specific staphylococcal cassette
chromosome mec (SCCmec) which conferred 11 basic types
so far (Cuny et al. 2016).

The MRSA is considered as a widespread pathogen causing
serious diseases in human beings. These infections are of both
type, i.e., hospital acquired and community acquired (Parisi
et al. 2017). The possible emergence of MRSA strains along
with the causative agent’s altering epidemiology has impact on
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veterinary health care workers and animal husbandry (Bitrus
et al. 2018). The presence of PVL gene in MRSA strains acts
as a virulence factor and causes skin and soft tissue infections
(Bhatta et al. 2016). In equines, the MRSA outbreaks were
reported for the first time in equine veterinary settings in 1997
in Japan which caused metritis in infected equines (Bortolami
et al. 2017). Risk factors responsible for prevalence of MRSA
in equines included previous colonization, the presence of in-
fected horses in the close vicinity, contact with MRSA-positive
owners, extensive wounds, immuno-suppression, and
prolonged hospitalization (Pomba et al. 2016).

There are several ways by which MRSA can be transmitted
between human and animals. They are listed as environmental
contamination, direct contact, and handling or eating of con-
taminated meat (Verkade and Kluytmans 2014). Horses which
are colonized byMRSA are pathogenic for those humanswork-
ing in close contact with them. The MRSAwas found in nasal
swabs of live cockerels in Pakistan, suggesting a reservoir for
human transmission (Zaheer et al. 2017). The most prevalent
genotype of MRSA known to cause infection in both horses
and humans is CC398 reported in various countries (Walther
et al. 2018; Haenni et al. 2017). This specific strain can also be
transmitted between equine and their associated personnel
(Parisi et al. 2017; Bortolami et al. 2017). Environmental con-
tamination by MRSA is also reported. The persistence of
MRSA in environment is mainly due to the presence of some
biofilm-related genes in them, i.e., icaD and icaA especially in
its CC398 complex (Bortolami et al. 2017). Surface contami-
nation by MRSA can cause occupational and nosocomial in-
fections in veterinary settings (Rojas et al. 2017).

The MRSA is known to be prevalent in horses with a vary-
ing percent prevalence from 0.6 to 4.7%. In contrary to farm
horses, the horses which were admitted to different veterinary
hospitals showed a higher prevalence ranging from 5.8 to 12%
(Van Balen et al. 2014). The MRSA carriage in nasal samples
in North America exhibited a positive prevalence in the range
of 0–4.7%. In the UK and Canada, the MRSA occurrence in
equines was found between 0 to 6% and 2.7% respectively
(Boyle et al. 2017).

In human, three types of nasal colonizationwere reported, i.e.,
persistent carriers which showed prevalence of MRSA from 20
to 25%, intermittent carriers which showed the presence of
MRSA up to 60% of total population, and non-carriers in which
only 20% were positive for MRSA (Bitrus et al. 2018).

In the last decade, the MRSA has been reported in many
animal species which were both healthy carriers and infected
ones. These animal species included cats, dogs, camels, hors-
es, and cattle. The MRSA existence in equines has produced a
serious risk for both animal and public health (Paterson et al.
2014). In Pakistan, data is lacking about the prevalence of
MRSA in equines and their associated personnel; therefore,
the present study aimed at describing theMRSA prevalence in
horses and associated personnel.

Materials and methods

In this study, convenient sampling was carried out from dif-
ferent areas of Punjab, Pakistan. A total of 150 equine nasal
swab samples were collected including Race Club Lahore
(n = 100); Brooke’s Hospital, University of Agriculture
Faisalabad (UAF) (n = 35); and livestock farm (L/S), UAF
(n = 15), with prior ethical approval. For collection of the re-
quired samples, sterile normal saline–moistened cotton-tipped
swabs were rubbed over the anterior portion of both nares of
horses as described earlier (Heller et al. 2009). The history of
the horses included in the study was noted on a prescribed
questionnaire with information of name, specie, breed, age,
previous antibiotic treatment, and any previous disease.

A total of 50 human nasal swab samples were collected
including Race Course Club, Lahore (n = 35); Brooke’s
Hospital, UAF (n = 10); and livestock farm, UAF (n = 5).
Samples were collected from those humans, who were closely
associated with the sampled horses. For the collection of the
required samples, properly sterile normal saline–moistened
cotton-tipped swabs were rubbed over the anterior portion of
both nares of human with prior consent.

Fig. 1 a Represented cream-
colored colonies of S. aureus on
Staph-110 medium isolated from
nasal samples. b S. aureus colo-
nies isolated from nasal swab
samples, changing color of man-
nitol salt agar from pink to yellow
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Immediately after collection of samples, moistened nasal
swabs were inoculated on mannitol salt broth and the samples
were kept at 37 °C for 24 h. After enrichment of those swab
samples in mannitol salt broth, streaking on mannitol salt agar
(MSA) plates (Oxoid, UK) was carried out. The S. aureus
isolates were detected by color change of the agar from pink
to yellow. Further, the phenotypic confirmation of S. aureus
was carried on Staph-110 medium and blood agar.

Identification of S. aureus isolates was carried out by
Gram’s staining and colony morphology. Biochemical tests
performed for detection of S. aureus isolates were catalase,
sugar fermentation, and coagulase tests as described by
Sarwar et al. 2014. The samples showing positive results for
these tests were declared as positive for S. aureus isolates.

S. aureus isolates were tested against selected antibi-
otics to obtain their antimicrobial susceptibility profiles.
The antibiotics used were oxacillin, methicillin, linezo-
lid, amoxicillin-clavulanic acid, vancomycin, ciprofloxa-
cin, enrofloxacin, clindamycin, and rifampicin. Briefly,
S. aureus isolates were used to prepare inoculum in
normal saline and then the turbidity of this inoculum
was compared with 0.5 McFarland turbidity standards.
The inoculum was swabbed on the surface of Mueller-
Hinton agar plates (Oxoid, UK) and different antibiotic
discs were placed over it prior to incubation at 37 °C

for 24 h. The S. aureus isolate showing resistance to
methicillin and oxacillin was declared as MRSA. The
MRSA isolates were then checked against different an-
tibiotics to obtain their antibiogram assays according to
CLSI standards.

Zones of inhibition in millimeter produced by each antibi-
otic were measured and were compared with the CLSI-2017
standards. The isolates were declared as sensitive, intermedi-
ate, or resistant against each specific antibiotic. The data ob-
tained was analyzed statistically. The variables were analyzed
by statistical software named GraphPad Prism 5. T test and
one-way ANOVA were applied to analyze the significance
rates. Results were analyzed as significant if P < 0.05 or
non-significant if P > 0.05.

Results

Out of 200 nasal swab samples collected from equines (n =
150) and associated personnel (n = 50), 175 (n = 175) samples
changed the color of mannitol salt broth from pink to yellow
after 24 h of incubation at 37 °C. Out of those positive 175
samples, 150 samples were from equine origin and 25 samples
were from human individuals that were positive for S. aureus
on mannitol salt agar (MSA) and Staph-110 media as shown
in Fig. 1a and b. Further, the S. aureus isolates were positive
for beta hemolysis on blood agar.

Biochemical characterization of S. aureus isolates was per-
formed by catalase test, coagulase test, and sugar fermentation
test. The positive result of these tests indicated the presence of
S. aureus isolates in collected nasal swab samples. A total of
175 samples were tested to check resistance against methicil-
lin and oxacillin. In the case of equines, out of 150 tested
samples, 81 samples were positive for prevalence of MRSA.
In the case of human beings, out of 25 streaked samples, 6
samples were found to be positive for MRSA. Antibiogram of
represented S. aureus isolate is shown in Fig. 2. The antibiotic
susceptibility of the MRSA isolates against selected antibi-
otics is shown in Table 1; briefly, the oxacillin, methicillin,
and ciprofloxacin were found to be resistant antibiotics against

Table 1 Summary of drug resistance profile of MRSA isolates in nasal swab samples collected from humans and equines

Isolates

OX (1 μg) ME (5 μg) LZD (30 μg) AMC (30 μg) VA (30 μg) CIP (5 μg) ENR (5 μg) CD (02 μg) RD (5 μg)

Total resistant 87 (87) 87 (87) 0 (87) 33 (87) 0 (87) 87 (87) 11 (87) 84 (87) 0 (87)

% resistance 100 100 0 38 0 100 13 96 0

Data within parentheses are the total number of MRSA isolates tested against different antibiotics

OX oxacillin,MEmethicillin, LZD linezolid, AMC amoxicillin-clavulanic acid, VAvancomycin,CIP ciprofloxacin, ENR enrofloxacin,CD clindamycin,
RD rifampicin

P

ME

VA

AMC

RD

LZD

Fig. 2 Representative antimicrobial susceptibility patterns of S. aureus
isolate against different antibiotics
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MRSA isolates while linezolid and vancomycin were found to
be the most sensitive antibiotics against MRSA. Resistance to
methicillin and oxacillin indicated the presence of MRSA
strain in collected nasal swab samples from equines and asso-
ciated human individuals (Table 1).

Out of 87 MRSA positive samples, 81 samples were of
equine origin and 6 were of human origin (Fig. 3a and b).
The positivity of S. aureus and MRSA isolates and area-wise
prevalence in collected samples are presented in Table 2.
Briefly, the MRSAwas detected in five equine samples at live-
stock farm, UAF (Fig. 3a), without any positive human sample
for MRSA (Table 2). Eighteen equine and two human samples
were positive for MRSA at Brook’s Hospital, UAF, while 60
equine and 04 human were positive for MRSA at Race Course
Club, Lahore (Table 2, Fig. 3a and b).

Finally, the data was analyzed statistically to find out the
significance level. There was a non-significant difference in
percent positivity ofMRSA in all equine groups. In contrast to
equines, the percent positivity data of MRSA was found sig-
nificant in the case of human swab samples at Brooke’s
Hospital and livestock farm, UAF, as shown in Fig. 4. The
percent positivity data ofMRSAwas found non-significant for
all other human groups.

Discussion

The menace of antimicrobial-resistant bacteria causes
morbidity and mortality and it is associated with health
care–acquired infections. The sharing of pathogens at the
animal-human-environment interface (One Health con-
cept) described the spread of the diseases including
S. aureus–associated diseases shared between animals
and humans. The presence of multidrug-resistant, zoonot-
ic pathogens such as methicillin-resistant Staphylococcus
aureus (MRSA) in horse clinics poses a biosafety concern
to workers and animal patients (Cuny et al. 2016; Van
Balen et al. 2014). The S. aureus developed resistance
to methicillin (namely MRSA) via mecA and mecC genes
encoding penicillin-binding protein. Our study described
the occurrence of MRSA in horses and their associated
personnel. A total of 200 nasal swab samples were col-
lected from equines (n = 150) and human beings (n = 50)
to detect the prevalence of MRSA. The percent preva-
lence of MRSA in equines and humans was 54% and
24% respectively. The prevalence of MRSA in equine
suffering from sinusitis and its associated personnel
showed the presence of MRSA Sequence Type 8 through

Table 2 Area-wise positivity of
S. aureus and MRSA in equine
and human nasal swab samples
collected from Punjab, Pakistan

Total isolates L/S farm, UAF Brooke’s Hospital,
UAF

Race Course Club,
Lahore

Equine Human Equine Human Equine Human

Total nasal swab samples collected (200) 15 05 10 100 35

Samples positive for S. aureus (175) 15 02 35 09 100 14

Samples positive for MRSA (87) 05 00 16 02 60 04

(a) (b)
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Fig. 3 a Graphical representation
of area-wise positivity of MRSA
in nasal swab samples obtained
from equine. b Area-wise posi-
tivity of MRSA isolates in asso-
ciated personnel
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phenotypic and genotypic analyses in Italy (Carfora et al.
2016). In another study in Japan, the MRSA was present
in thoroughbred horses and associated veterinarians
(Kuroda et al. 2016), suggesting a possible occupational
risk of contracting MRSA at the animal-human interface.
The equines were found to be an important reservoir of
MRSA strains with a percent positivity of 12% in
Denmark (Islam et al. 2017). Collectively, our findings
in concomitance with other reported data demonstrated
plausible risk of sharing of MRSA between horses and
associated human. The percent prevalence of MRSA in
equines was in the range of 1 to 10% while percent prev-
alence of MRSA in human beings was 1 to 5%. However,
the percent prevalence of MRSA in equines was higher in
our study as compared with the previous studies. The
possible reasons for this difference could be attributed to
environmental temperature and poor hygienic conditions
and housing of the animals. The area-wise positivity of
MRSA in the present study showed variable percentage
which was related with abovementioned housing and en-
vironmental factors of study locales.

A horse-specific epidemiology in France and the UK
reported a large dissemination of a unique clone
(CC398 clone of MRSA); however, the prevalence of
MRSA was decreased from 2010 to 2015 in dogs, cats,
and horses (Haenni et al. 2017; Bortolami et al. 2017).
This study did not report the transmission of MRSA to
people associated with the companion animals in con-
trast to our study. Our study demonstrated the presence
of MRSA in associated human at two study locales
(Brooke’s Hospital and Race Course Club) without any
positivity at L/S farm, UAF. Albeit the fact that MRSA-
ST398 harboring different mobile genetic elements are
crucial in immune evasion, toxin production, and inva-
siveness of S. aureus, recent data evidenced spread of
equine MRSA-ST398 in different habitats and hosts re-
ferring it as Bgeneralist^ phenotype (Walther et al.

2018). Apart from horses, there is possible risk of zoo-
notic transmission of MRSA between mastitic cows and
associated workers. The nasal carriage of the cows and
workers showed a prevalence of MRSA in 92% of the
total collected human samples and 87% of mastitic cow
samples in Algeria harboring mecC and mecA genes in
MRSA (Akkou et al. 2016). The animal products such
as milk and milk products were reported to be sources
of MRSA (up to 8%) (Jamali et al. 2015).

The MRSA isolates recovered from horses and human in
our study were resistant to methicillin, oxacillin, and cipro-
floxacin but sensitive to linezolid. A study in Pakistan from
Sindh province found 80 S. aureus isolates from different
animals such as sheep, goat, buffalo, camel, horse, cattle,
dog, and human and found variable pattern of drug resistance
(Habib et al. 2015). Moreover, the food handlers and health
care workers have been reported to be a source of drug-
resistant S. aureus (Shamebo et al. 2016), indicating animals
as reservoirs of MRSA having potential professional and food
safety concern (Parisi et al. 2017; Verkade and Kluytmans
2014). The occurrence of MRSA and methicillin-resistant
Staphylococcus pseudintermedius (MRSP) among employees
and in the environment of a small animal hospital suggested
the transfer of these bacteria at the human-animal-hospital
environment triad (Feßler et al. 2018).

Appropriate biosafety measures should be adopted to
avoid animal to human transmission of MRSA including
identification and isolation of infected animals, proper
cleaning, and disinfection of contaminated environment
(Catry et al. 2010). Based on the results of antimicrobial
susceptibility profile of MRSA strains, it is suggested to
use linezolid and vancomycin to treat these MRSA-
associated infections.
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