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Abstract : Methicillin-resistant staphylococci (MRS) are emerging as important pathogens in humans and animals
worldwide. The aim of this study was to investigate the prevalence of MRS in the racehorse population and in horse-
related personnel in Korea. A total of 195 horses and 18 humans (eight veterinarians, three veterinary hospital staff,
and seven horse-handlers) from racehorse farms in Korea were included in the study. The samples were collected
from nasal cavities using bacterial transport medium and were cultivated on tryptic soy agar with 5% sheep blood
for 3 days at 37°C to confirm the presence of Staphylococcus spp. Presumptive Staphylococcus spp. isolates were
identified by 16S ribosomal RNA gene analysis. The coagulase test and oxacillin susceptibility tests were performed
using the tube dilution and disk diffusion methods, respectively. The presence of the mecA gene was determined using
a polymerase chain reaction assay. Of the 195 horses, 29 (15.6%) yielded 29 MRS isolates. Twelve (66.7%) of the
18 horse-related personnel yielded 12 MRS isolates. All of the MRS isolates from horses or horse-related personnel
were identified as methicillin-resistant coagulase-negative staphylococci (MRCNS). The result of this study suggest
that the prevalence of MRS increased with the duration of antibiotic use (p = 0.002). This study also provides evidence
for the zoonotic transmission of MRCNS between horses and humans, although further investigations are needed.
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Introduction

Methicillin-resistant staphylococci (MRS) are important
pathogens in humans and animals throughout the world (5).
MRS are resistant to methicillin, which is mediated by the
mecA gene. The gene encodes an extra PBP2a with a low
affinity for PB-lactams (6,9). Thus, B-lactam antibiotics are
ineffective against staphylococci that express the mecA gene.
Therefore, the mecA gene is considered to be a molecular
marker of methicillin resistance in all staphylococci (11). It is
assumed that mecA genes evolved in coagulase-negative sta-
phylococci (CNS) before being distributed among other sta-
phylococci (7). MRS are commonly resistant to multiple
antibiotics and are a major clinical issue (4,9). MRS coloni-
zation may be a risk factor for antimicrobial resistance trans-
mission between staphylococci and other bacteria (12). MRS
transmission can occur between animals and humans, such as
on horse farms where horses frequently make contact with
veterinarians and horse-handlers. There have been numerous
reports of methicillin-resistant coagulase-positive staphylo-
cocci (MRCPS) in humans and horses, especially methicillin-
resistant Staphylococcus aureus (MRSA). However, little data
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is available from Korea. The existence of MRCNS was first
reported in chickens in 1996, before MRCNS were isolated
from horses in Japan in 2000 (14), in the Netherlands in 2006
(2), in Slovenia in 2006 (12), and in Italy in 2010 (6). The
aim of the present study was to investigate the prevalence of
MRS in the horse population and horse-related personnel in
Korea.

Materials and Methods

Sample collection and culture

Nasal swab samples were taken from 195 healthy horses
on a racing farm, including racehorses (153) and riding
horses (42). A total of 18 humans who worked with horses,
including eight veterinarians, three veterinary hospital staff,
and seven horse-handlers, were also tested for the presence
of MRS. All of the samples were collected during December
2012 and January 2013. One nasal swab was collected from
each horse. A sterilized cotton-tipped swab was inserted
approximately 10 cm into one nasal passage and withdrawn
with the swab in contact with the nasal mucosa. A single swab
was collected from each human. A sterilized cotton-tipped
swab was inserted approximately to a depth of one nare pas-
sage while maintaining contact with the nasal mucosa. The
swabs were placed immediately in Liquid Amies swab trans-
port medium (Copan, Murrieta, CA, USA) and stored at 4°C
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until processing. Each sample was cultured in TSA II with
5% sheep blood (BD, Sparks, MD, USA) at 37°C under aer-
obic conditions. Pure bacterial colonies were isolated by
repeated subculture. Yellow or white colonies were selected
and tested for catalase. Catalase-positive colonies were gram-
stained.

Coagulase test

The coagulase plasma tube test with rabbit coagulase plasma
(BD, Sparks, MD, USA) was performed on the isolates that
exhibited the typical staphylococcal colony morphology to dis-
tinguish coagulase-positive staphylococci from coagulase-neg-
ative staphylococci. Three to five colonies of each isolate were
mixed with 0.5 mL of rabbit plasma and incubated at 37°C.
Clot formation was checked at 4 h and 24 h.

Bacterial identification

Gram-positive staphylococcal isolates were confirmed by
eubacterial 16S rRNA gene sequence. The DNA was ex-
tracted using a Qiagen DNA extraction Kkit, according to the
manufacturer’s instructions (Hilden, Germany). The 16S rRNA
gene was amplified using primer pairs that corresponded to
the eubacterial 16S rRNA genes, i.e., 5-AACTGGAGG-
AAGGTGGGGAT-3' and 5'-AGGAGGTGATCCAACCGCA-
3', as described previously by Mason ef al (10). The poly-
merase chain reaction (PCR) amplification was performed in
a total volume of 50 pL. The final reaction mixture con-
tained the following: 50 mM KCI, 10 mM Tris-HCI (pH 8.3,
25°C), 1.5 mM MgCl,, 200 uM of each deoxyribonucleotide
triphosphate (ANTP), 100 ng of each primer, and 5 units of
Taq polymerase (iNtRON Biotechnology, Sungnam, Gyeo-
nggi, Korea). PCR was performed by using a TaKaRa Ther-
mal Cycler Dice (Takara Bio Inc., Otsu, Shiga, Japan) under
the following conditions: an initial denaturation at 94°C for 3
min, followed by 36 cycles at 94°C for 1.5 min, 53°C for 30
s, and 55°C for 1 min, with a final incubation at 72°C for 10
min. The PCR products were separated by electrophoresis for
50 min at 100 V on a 2% agarose gel and were stained with
ethidium bromide to facilitate visualization under ultraviolet
light. The amplicons were sequenced using an ABI Prism
BigDye Terminator Cycle Sequencing Ready Reaction Kit
v3.1 (PE Applied Biosystems, Foster City, CA, USA). Sta-
phylococci were identified based on comparisons with the

16S rRNA gene sequences deposited in GenBank.

Methicillin resistance tests

All of the isolated colonies were subjected to methicillin
susceptibility testing using the oxacillin disc diffusion method
(ODD), where a 1 pg oxacillin disc (BD, Cockeysville, MD,
USA) was placed on Mueller-Hinton agar (BD, Sparks, MD,
US). The zone of inhibition was checked after incubation for
24 h at 35-37°C under aerobic conditions. The methicillin
resistance, determined according to the ODD method, was
defined according to the method of the Clinical and Labora-
tory Standards Institute (M13-S17, 2007). The mecA gene
was also subjected to PCR to determine the presence of
methicillin resistance genes. The mecA gene was amplified
using M1 and M2 primers. The PCR conditions were the
same as those described previously, i.e., the primers were
mecAl (5'-TCCAGGAATGCAGAAAGACCAAAGC-3"), and
mecA2 (5-GACACGATAGCCATCTTCATGTTGG-3'). Any
positive results detected by the ODD method and mecA gene
PCR were regarded as methicillin-resistant isolates.

Statistical analysis

The means and standard deviations of all values were cal-
culated using Microsoft Excel. The relationship between the
presence of MRS and groups was evaluated using Fisher’s
exact test with SAS (Statistical Analysis System). The rela-
tionship between the presence of MRS and the duration of
antibiotic usage, which was evaluated using Wilcoxon’s
Signed-Rank test with SAS. p <0.05 was considered signifi-
cant.

Results

The prevalence of staphylococci is shown in Table 1. Sta-
phylococci were isolated from 64 (32.8%) of 195 horses and
14 (77.8%) of 18 horse-related personnel based on the results
of the 16S rRNA gene PCR assay and sequence analysis. All
of the staphylococcal isolates were coagulase-negative; thus,
they were considered MRCNS in all of the horses and horse-
related personnel.

Staphylococci that exhibited methicillin-resistant positive
reactions according to the ODD method or mecA gene PCR
were regarded as MRS in this study. Sixteen (39.0%) of 41

Table 1. The prevalence of staphylococci in horses and horse-related personnel

Types No. of samples No. of staphylococcal samples Prevalence (%)

Racehorses 153 48 31.4

Horses Riding horses ) 16 38.1
(n=195)

Total 195 64 32.8

Veterinarians 100.0

Horse-related personnel Horse-handlers 85.7

(n=18) Hospital staff 3 333

Total 18 14 77.8
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Table 2. Results of the oxacillin disc diffusion (ODD) test and
mecA gene PCR performed on methicillin-resistant staphylo-
cocci (MRS) isolates from horses and horse-related personnel

Tests Number of MRS isolates Positive rate
ODD (+) mecA (+) 16/41 39.0%
ODD (+) mecA (-) 13/41 31.7%
ODD (-) mecA (+) 12/41 29.3%

Table 3. Detection of methicillin-resistant staphylococci (MRS)
isolates from horses

Number of MRS
Type : - oy
horses CPS CNS Positive rate
Racehorses 48 0 24 50.0%
Riding horses 16 0 5 31.3%
Total 64 0 29 45.3%

*CPS = coagulase-positive staphylococci.
*CNS = coagulase-negative staphylococci.

Table 4. Methicillin-resistant staphylococci (MRS) positive
rates according to the jobs of the horse-related personnel

Number of MRS
Job . - —
human subjects  Cps CNS™ Positive rate
Veterinarian 8 0 7 87.5%
Horse-handler 7 0 4 57.1%
Hospital staff 3 0 1 33.3%
Total 18 0 12 66.7%

*CPS = coagulase-positive staphylococci.
"CNS = coagulase-negative staphylococci.

Table 5. Relationships between the presence of methicillin-
resistant staphylococci (MRS), the duration of antibiotic usage,
and the ages of horses

Me?hlcﬂlm No. of horses Days of antiblotlc Age
resistance usage
Non-MRS 35 32 +4.6° 57438
horses
MRS horses 29 6.8+£8.5° 53+3.6

*Number of days when antibiotics were used in the past 3 years
(penicillin, ceftiofur, and gentamicin). “°p = 0.002.

MRS samples were positive using both methicillin resistance
methods. Thirteen (31.7%) of 41 MRS samples were posi-
tive in the ODD test and 12 (29.3%) of 41 MRS samples
were positive according to the mecA gene PCR (Table 2).

Twenty-nine out of 64 horses with staphylococci were pos-
itive for MRS (Table 3). The MRS-positive rates were not
statistically different between the two horse groups, i.e., 24
out of 48 (50.0%) in racehorses and five out of 16 (31.3%) in
riding horses.

MRS prevalence in horse-related personnel differed accord-
ing to job type, i.e., 7/8 (87.5%) were veterinarians, 4/7

(57.1%) were horse-handlers, and 1/3 (33.3%) were veteri-
nary hospital staff (Table 4).

The duration of antibiotic usage and the ages of horses were
also investigated. The number of days when antibiotics were
used during the previous 3 years was 6.8+ 8.5 days in the
MRCNS horses group and 3.2 + 4.6 days in the non-MRCNS
horses group. The prevalence of MRS increased with the
duration of antibiotic use (» = 0.002). However, the horse age
was no significantly difference between the two groups
(Table 5).

Discussion

This study showed that MRS are present in healthy horses
and horse-related personnel in Korea. All of the MRS iso-
lates were coagulase-negative and no MRCPS were isolated,
including MRSA, which is a major clinical problem for
human and veterinary medicine. In the present study, the
MRCNS rate (66.7%) in horse-related personnel was higher
than that in samples from horses (45.3%). These data agree
with those of previous report, where the rates of MRCNS
were 22.5% in horses and 35.7% in humans (2). The high
MRCNS prevalence in humans in the present study may be
related to frequent contacts with different horses. The sam-
ples were collected from a racing farm where many horses
moved in and out on a frequent basis and a limited number
of authorized horse-related personnel handled the horses. The
horse-related personnel came into contact with many horses
on a frequent basis because of conditions on the racing farm.
Frequent contact with horses is a potential risk factor for
MRS transmission (6). Interestingly, MRCNS prevalence dif-
fered depending on the jobs of the horse-related personnel.
The MRCNS-positive rates were highest among veterinarians
who came into contact with horses most frequently, followed
by horse-handlers who had contact with a limited number of
horses in the stables, and veterinary hospital staff who had
the least contact with horses (Table 4). These results suggest
that MRCNS can be transmitted from horses to humans.

The MRCNS-positive rate in racehorses was slightly higher
than that in riding horses. This may have been due to stress
and several other factors such as environmental differences,
training activities, and frequent antibiotic administration. The
administration of antibiotics appears to be a risk factor for
MRSA colonization in animals (13). To the best of the
author’s knowledge, this has not been elucidated in the case
of MRCNS. The number of days when antibiotics were
administered to the horses in the previous three years was
investigated. The most commonly used antibiotics in Korean
clinics were penicillin, ceftiofur, and gentamicin. MRS usu-
ally produce aminoglycoside-modifying enzymes, which makes
them aminoglycoside resistant (3). The present study was
performed over a longer period than that of a previous study
that also investigated antibiotic administration in horses (13).
MRCNS-positive horses had a higher mean number of days
of antibiotic administration than that of MRCNS-negative
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horses. These data are consistent with the results reported by
Weese et al (13) who investigated antimicrobial administra-
tion in the previous 30 days as a possible risk factor for
MRSA. Like MRSA, the administration of antibiotics also
appeared to be a risk factor for MRCNS. Overall, these results
suggest that humans who came into contact with MRCNS-
colonized horses had an increased risk of MRCNS.

Methicillin resistance was tested using two methods, i.e.,
the ODD test and mecA4 gene PCR. Both tests can detect
methicillin resistance, but the results of the two methods
were not identical in this study. This was possibly due to a
combination of several factors, such as the different specific-
ities of methicillin resistance tests, heterogeneous resistance,
and borderline resistance. The specificity of ODD is rela-
tively low (average 80%), whereas the mecA gene PCR assay
is considered to be the gold standard method (1,3). Methicil-
lin resistance is heterogeneous in staphylococci, although
most individual cells are susceptible to methicillin and only a
small portion of cells are methicillin resistant, which means
that most isolates will exhibit some degree of methicillin
resistance (3). Borderline resistance is characterized by the
overproduction of staphylococcal B-lactamase or modifica-
tions of the normal penicillin-binding protein in mecA gene-
negative staphylococci and it is extremely heterogeneous in
mecA gene-positive staphylococci (3). Therefore, variable
methicillin resistance results were obtained, regardless of the
presence of the mecA gene in the present study. It may be
clinically meaningful to differentiate methicillin-resistant iso-
lates using both tests.

MRSA, a coagulase-positive staphylococcus, has frequently
been reported as an important pathogen in human and veteri-
nary medicine (8,13). MRSA emerged when methicillin-sus-
ceptible Staphylococcus aureus acquired the mecA gene from
CNS (8). Presumably, MRSA is present in the horse popula-
tion in Korea, although coagulase-positive staphylococci
were not isolated in this study. MRCNS can serve as reser-
voirs of methicillin resistance, which can lead to the emer-
gence of MRSA or MRCPS, and the presence of MRSA in
human medicine has been reported in Korea (4,6). There-
fore, the prevalence of MRSA in horses in Korea should be
addressed in further investigations.

In conclusion, MRCNS are adapted to the horse and
human bacterial flora in Korea, and it seems that zoonotic
transmission has occurred. The colonization of horses by
MRCNS may be an additional concern because horses may
transmit infectious pathogens to humans. Further research is
required to determine the relationships between MRCNS col-
onization and MRCNS infections of horses and humans.
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