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Staphylococcus aureus is among the most common zoonotic pathogens that cause foodborne illnesses worldwide.
The main objectives of the current study were therefore to determine the antimicrobial susceptibility profiles of
S. aureus isolated from goats in Korea and to investigate the molecular characteristics of identified methicillinresistant S. aureus (MRSA). In the study, 481 S. aureus isolates (431 from the nasal cavity and 50 from carcass)
were recovered from 1146 carcasses and nasal swabs between July 2018 and January 2019. Approximately 82%
and 72.6% of nasal and carcass isolates, respectively, were resistant to at least one antimicrobial agent, with the
highest rate of resistance to penicillin, followed by resistance to chloramphenicol and tetracycline. Relatively
small proportions of the isolates were resistant to cefoxitin, clindamycin, and erythromycin. However, all S.
aureus isolates were sensitive to linezolid, rifampin, and vancomycin. Six MRSA isolates were obtained, three
each from the nasal cavity and carcass. MRSA isolates were of two sequence types (ST) (ST72 and ST398), three
spa types (t664, t324, and t571), and two SCCmec types (IV and V). The ST72 MRSA isolates had identical PFGE
profiles. In addition, ST72 MRSA-SCCmec IV isolates carried at least six staphylococcal leukotoxin- and en
terotoxin-encoding genes (lukED, seg, sei, sem, sen, seo, and seq). The remaining ST398 isolate carried only the
lukED gene and was additionally resistant to eight non–β-lactam antibiotics. To the best of our knowledge, this is
the first report of MRSA from goats in Korea. There is a possibility of transmission of MRSA from goat to human
or contamination of food products. Therefore, regular microbiological investigation in goats, farms, and
slaughterhouses is critical to determine the existence of virulent and multi-drug resistant (MDR) S. aureus and to
implement preventive strategies.

1. Introduction
Staphylococcus aureus is an opportunistic pathogen that causes mildto-severe, life-threatening infections in humans (Sakwinska et al.,
2011). It is also one of the leading causes of foodborne diseases
worldwide. S. aureus colonizes the nares and skin of animals; it may
enter the food chain during slaughter and processing of animal pro
ducts. Staphylococcal food poisoning occurs following ingestion of
food, such as meat and dairy products, contaminated with

staphylococcal enterotoxins (Fox et al., 2017). Staphylococcus spp. is
responsible for 2.2% of foodborne and waterborne outbreaks in the EU
in 2018 (EFSA, 2019), 2.9% of foodborne illness outbreaks in China
between 2008 and 2010 (Luo et al., 2017), and 1.2% of foodborne
outbreaks in the US between 2009 and 2015 (Dewey-Mattia et al.,
2018). In addition, it was associated with 3.2% of foodborne outbreaks
in Japan and the Republic of Korea (Korea) during 2011–2015 (Lee
et al., 2019).
The widespread use of antimicrobials for treatment and prophylaxis
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of multiple diseases in food-producing animals contributes to the
emergence of resistant strains. Shortly after the clinical application of
methicillin, methicillin-resistant S. aureus (MRSA) was detected in foodproducing animals and retail meat in Asia, Europe, and North America
(Adesiji et al., 2011; Lim et al., 2010; Miranda et al., 2009). MRSA has
become a global public health concern because the pathology of dis
eases caused by MRSA is multifactorial, involving complex host-pa
thogen interactions and the production of extracellular hemolysins and
toxins. In addition, MRSA strains are frequently multi-drug resistant
(MDR), which prolongs therapy, increasing treatment costs and hospi
talization rates (Cosgrove, 2006). Hence, screening and molecular
characterization of MRSA isolates are vital for the evaluation of the
zoonotic potential of MRSA infection and for establishing an effective
preventive and control system. Generally, molecular techniques used
for the characterization of MRSA have the advantage that they are
rapid, less laborious, and more sensitive, specific, and efficient com
pared to the conventional method (Adzitey et al., 2013).
In Korea, MRSA epidemics have been a common problem in the
hospital environment since the 1970s. Liu et al. (2019) revealed a 53%
prevalence of MRSA among S. aureus isolates from hospitalized patients
in Korea. In the past two decades, MRSA has also been isolated from
dogs (Kwon et al., 2006), chickens, cattle, and swine (Moon et al., 2007;
Moon et al., 2015; Moon et al., 2019) in different parts of Korea.
MRSA isolates are characterized as either community-associated
(CA-MRSA), hospital-acquired, or livestock-associated (LA-MRSA)
(Conceicao et al., 2017). CA-MRSA sequence type (ST) 72, mainly
identified in animals and raw meat, is the most common type of MRSA
isolated from humans in Korea (Moon et al., 2019; Song et al., 2011). In
addition, ST5 (Kwon et al., 2006), ST692 (Lim et al., 2010), and ST541
(Lim et al., 2012; Moon et al., 2019) MRSA were identified in chicken
meat and live pigs in Korea. Similarly, the incidence of LA-MRSA in
several animal species is increasing, especially in swine, in Europe,
North America, and Korea (Conceicao et al., 2017; Moon et al., 2007;
Sorensen et al., 2017). Currently, LA-MRSA is a public health concern
and primarily affects people who have frequent contact with animals.
ST398 MRSA is one of the most frequent LA-MRSA identified in ve
terinarians, abattoir, and farm workers worldwide (Cortimiglia et al.,
2015; Moon et al., 2019; Sahibzada et al., 2017).
The consumption of goat meat in Korea is increasing, with 584,615
slaughtered in the years 2013–2019. This amount is ten times higher
than in 2005–2012 (KOSIS, 2019). With increasing goat meat con
sumption, concerns about food safety have also increased. Several
studies have therefore been conducted in Korea to determine the pre
valence and antimicrobial resistance profiles of S. aureus isolated from
various animal species. To the best of our knowledge, the antimicrobial
resistance profiles of S. aureus isolated from goats in Korea have not
been conducted to date. Consequently, the aim of our study was to
determine the antimicrobial susceptibility profiles of S. aureus isolated
from nasal cavities and carcasses of Korean goats, and to investigate the
molecular characteristics of the identified MRSA.

cooled containers and immediately transported to the laboratory. All
samples were processed within 24 h of arrival.
2.2. Isolation of S. aureus and MRSA
Swab samples were inoculated into Mueller–Hinton broth (Becton
Dickinson) containing 6.5% NaCl (v/v) and incubated overnight at
37 °C. One loopful of the broth was then streaked on chrome S. aureus
agar (CHROMagar, Paris, France) and incubated for 16–20 h at 37 °C.
Based on the colony morphology and color, up to five presumptive S.
aureus colonies were selected from each plate and subcultured on
Tryptic Soy Agar (Becton Dickinson). S. aureus was then identified by
matrix-assisted laser desorption/ionization time-of-flight mass spec
trophotometry (Bio Merieux, Lyon, France). A multiplex polymerase
chain reaction (PCR) assay specific for the 16S rRNA, clfA, and mecA
genes was used to reconfirm MRSA identity (Mason et al., 2001).
2.3. Antimicrobial susceptibility testing
Antimicrobial susceptibility was determined by the broth dilution
method according to the Clinical and Laboratory Standards Institute
(2018) guidelines, using antibiotic-containing plates (EUST, TREK Di
agnostics Systems, Cleveland, OH). Nineteen antibiotics were tested:
cefoxitin (0.5–16 μg/ml), chloramphenicol (4–64 μg/ml), ciprofloxacin
(0.25–8 μg/ml), clindamycin (0.12–4 μg/ml), erythromycin
(0.25–8 μg/ml), fusidic acid (0.5–4 μg/ml), gentamicin (1–16 μg/ml),
kanamycin (4–64 μg/ml), linezolid (1–8 μg/ml), mupirocin
(0.5–256 μg/ml), penicillin (0.12–2 μg/ml), quinupristin/dalfopristin
(0.5–4 μg/ml), rifampin (0.02–0.5 μg/ml), streptomycin (4–32 μg/ml),
sulfamethoxazole (64–512 μg/ml), tetracycline (0.5–16 μg/ml), tia
mulin (0.5–4 μg/ml), trimethoprim (2–32 μg/ml), and vancomycin
(1–16 μg/ml). Plates were read using the Vizion automated reading
device (TREK Diagnostic Systems, Cleveland, OH). Antimicrobial re
sistance breakpoints were determined based on the Clinical and
Laboratory Standards Institute (2018) and European Committee on
Antimicrobial Susceptibility Testing (2018) guidelines. S. aureus ATCC
25923 was used as a reference strain.
2.4. Characterization of MRSA
2.4.1. Multilocus sequence typing (MLST) and pulsed-field gel
electrophoresis (PFGE)
MLST was performed as described by Enright et al. (2000). Specific
primers (Genotech, Daejeon, Korea) were used to amplify and sequence
the following housekeeping genes: arcC, aroE, glpF, gmk, pta, tpi, and
yqiL. PCR products were purified (Solgent, Daejeon, Korea) and se
quenced using an ABI prism 3100 analyzer (Genotech, Daejeon, Korea).
Allele numbers were assigned using the MLST website for S. aureus
(https://pubmlst.org/saureus/; last accessed [02/08/2019]). In addi
tion, chromosomal DNA was digested with SmaI (TaKaRa, Shiga, Japan)
and PFGE was performed to determine the genetic relatedness of the
isolates, as described by McDougal et al. (2003).

2. Materials and methods

2.4.2. Staphylococcal cassette chromosome mec (SCCmec) and spa typing
SCCmec typing was performed by multiplex PCR as described by
Boye et al. (2007). S. aureus protein A (spa) typing was conducted using
Ridom Staph Type server (Ridom GmbH, Wurzburg, Germany) (www.
spaserver.ridom.de; last accessed [13/08/2019]) according to Enright
et al. (2000) and Harmsen et al. (2003).

2.1. Sample collection
Swab samples were collected from two slaughterhouses and 51
farms in Jeonnam and Jeonbuk provinces of Korea between July 2018
and January 2019. Samples were randomly collected from two
slaughterhouses, from a total of 20, which contributed about 27%
(28,350 heads) of the total number of goats slaughtered in Korea in
2018. The numbers of animals and bacterial isolates were determined
as described previously (FAO, 2019) Most carcass and nasal swab
samples were collected from different goats. A cotton-tipped swab
moistened with Stuart's medium (Becton Dickinson, Sparks, MD) was
used for nasal sample collection; the back and the chest of carcasses
were swabbed using a sterile gauze pad. Samples were placed in ice-

2.4.3. Detection of virulence factor-encoding genes
The presence of staphylococcal toxin genes encoding leukotoxins
(lukED), Panton–Valentine leucocidin toxin (LukF-PV), exfoliatins (eta
and etb), toxic shock syndrome toxin 1 (tsst1), and staphylococcal en
terotoxins (sea, seb, sec, sed, see, seg, seh, sei, selj, sek, sell, sem, sen, seo,
sep, seq, and ser) was analyzed by PCR, as previously described (van
2
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Table 1
Antimicrobial resistance profiles of S. aureus isolated from nasal cavity and carcass of goats in Korea.

ND, not determined; R, resistance rate.
The dilution ranges tested are those contained in the white area.
The breakpoints of tested antimicrobial agents are indicated by vertical lines.
MIC50 and MIC90 are the concentrations at which 50% and 90% of the isolates were inhibited, respectively

3

9
10
MDR

1 (0.2)

11 (22.0)

62 (14.3)

4

sen,
sen,
sen,
sen,
sem,
sem,
sem,
sem,
sei,
sei,
sei,
sei,
seg,
seg,
seg,
seg,

t324
t571
t324
t664
t664
t664
IV
V
IV
IV
IV
IV
ST72
ST398
ST72
ST72
ST72
ST72
16
8
8
16
16
16
>2
>2
2
>2
>2
>2

FOX
PEN

MIC (μg/ml)

Non-beta lactam resistance

KAN
CHL, CIP, CLI, ERY, KAN, GEN, SYN, TET, TMP
KAN
KAN
KAN
KAN

MLST

CHL, chloramphenicol; CIP, ciprofloxacin; CLI, clindamycin; ERY, ery
thromycin; FOX, cefoxitin; FUS, fusidic acid; KAN, kanamycin; PEN, penicillin
G; GEN, gentamicin; SYN, quinupristin/dalfopristin; TET, tetracycline; TMP,
trimethoprim; MDR, Multi-drug resistance.

B-c
C-e
E-o
F-b
F-d
F-d

–

Jeonnam
Jeonbuk
Jeonnam
Jeonnam
Jeonnam
Jeonnam

118 (27.4)
32 (7.4)
–
23 (5.3)
13 (3.0)
18 (4.2)
3 (0.7)
1 (0.2)
161 (37.4)
–
22 (5.1)
2 (0.5)
31 (7.2)
4 (0.9)
1 (0.2)
1 (0.2)

Farm ID

9 (18.0)
–
1 (2.0)
7 (14.0)
9 (18.0)
11 (22.0)
–
–
2 (4.0)
–
8 (16.0)
3 (6.0)
–
–
–
–

CHL, chloramphenicol; CIP, ciprofloxacin; CLI, clindamycin; ERY, erythromycin; FOX, cefoxitin; KAN, kanamycin; PEN, penicillin G; GEN, gentamicin; SYN, quinupristin/dalfopristin; TET, tetracycline; TMP, tri
methoprim; MLST, multi-locus sequence typing; NT, Untypeable; PFGE, Pulse-field gel electrophoresis; SCCmec, Staphylococcal Cassette Chromosome mec; Spa: S. aureus protein; ST, Sequence types.

4
5

Nasal swab
(n = 431)

Nasal
Nasal
Nasal
Carcass
Carcass
Carcass

3

Carcasses
(n = 50)

N-63
N-146
N-391
C-1-8
C-49
C-50

2

CHL
FUS
PEN
TET
CHL PEN
CHL TET
FUS TET
PEN TET
FOX PEN
CHL PEN TET
FOX KAN PEN
CLI ERY PEN TET
CHL CLI ERY PEN TET
CLI ERY KAN PEN TET
CHL CIP CLI ERY GEN
PEN SYN TET TMP
FOX CHL CIP CLI ERY
GEN PEN SYN TET TMP
(≥three sub classes)

No. of resistant isolates (%)

Province

0
1

Resistance patterns

Year/month of sampling

Table 2
Antimicrobial resistance patterns of S. aureus recovered from of goats in Korea.

Sources of isolates

A total of six (1.2%) isolates were identified as MRSA, three each
from the nasal cavity and carcass. The isolates represented two STs
(ST72 and ST398), three spa types (t664, t571, and t324), and two
SCCmec types (IV and V) (Table 3). Five (all) MRSA isolates from the
farms in Jeonnam province were identified as ST72. The only isolate
from farm C-e in Jeonbuk province (nasal) was classified as ST398. The

Isolates

Table 3
Molecular characteristics of methicillin-resistant S. aureus isolates from nasal cavity and carcass of goats in Korea.

3.2. Molecular characteristics of MRSA goat isolates

No. of
antimicrobials

I
NT
I
I
I
I

PFGE

SCC
mec

spa

We recovered 481 S. aureus isolates (431 from the nasal cavity and
50 from carcasses) from goats. The resistance profiles of the isolates are
presented in Table 1a and b. Penicillin, chloramphenicol, and tetra
cycline resistance were most prevalent in both the nasal and carcass
isolates. The chloramphenicol resistance rate was higher among carcass
isolates than among nasal isolates, while the converse was noted for
tetracycline resistance. The proportions of penicillin-resistant isolates
from the nasal and carcass swabs were similar (62 and 61.3%, respec
tively). Clindamycin- (8.8%) and erythromycin- (8.8%) resistant iso
lates were detected only in the nasal swabs. Only small numbers of
isolates from the carcass or nasal cavity were resistant to ciprofloxacin,
fusidic acid, kanamycin, quinupristin/dalfopristin, and trimethoprim.
All isolates were sensitive to linezolid, rifampin, and vancomycin. Ap
proximately 72.6 and 82% of isolates from the nasal and carcass cavity,
respectively, were resistant to at least one antimicrobial agent
(Table 2). In addition, 14.3% of nasal and 22% of carcass isolates were
MDR. Resistance to penicillin and tetracycline was the predominant
(37.4%) pattern in isolates from the nasal cavity, while resistance to
chloramphenicol and penicillin was the predominant pattern in carcass
isolates (22%).

2018/11
2018/11
2018/12
2018/12
2018/12
2018/12

3.1. Antimicrobial resistance of S. aureus isolates

lukED,
lukED
lukED,
lukED,
lukED,
lukED,

Virulence factors

3. Results

seg, sei, sem, sen, seo, seq

Duijkeren et al., 2008; Yamada et al., 2005). The lists of primers and
PCR conditions used for molecular characterization of MRSA strains are
summarized in Supplement 1.

seo, seq
seo
seo
seo
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three ST72 MRSA carcass isolates obtained from two different farms
represented spa t664-SCCmec IV. These isolates carried similar staphy
lococcal enterotoxin- and leukotoxin-encoding genes (lukED, seg, sei,
sem, sen, and seo). The remaining two ST72 MRSA isolates were from
other farms (B-c and E-o), and were categorized as spa t324-SCCmec IV,
carrying an additional seq virulence gene. ST398 MRSA from Jeonbuk
was classified as spa t571-SCCmec V and carried the lukED gene. It was
resistant to eight non–β-lactam antibiotics. Of note, all ST72 MRSA
isolates exhibited an identical PFGE pattern (Fig. S1).

note, the resistance of S. aureus isolates to multiple clinically important
antibiotics is a grave concern because resistance might be disseminated
to humans following frequent contact with infected animals and
through the food chain (Chang et al., 2015).
Six (1.3%) MRSA isolates were recovered from our 481 S. aureus
isolates. The MRSA incidence was lower than those previously reported
for goat isolates from milk, nasal, and vaginal swabs in Czechia (33%;
3/33) (Tegegne et al., 2019), Taiwan (41%; 11/27) (Chu et al., 2012),
Turkey (Aras et al., 2012) (4.8%; 2/42), Nigeria (2%; 4/200)
(Odetokun et al., 2018), and Saudi Arabia (14%; 20/139) (El-Deeb
et al., 2018). Although the prevalence of MRSA in our study was lower
than that in the above-cited reports, the detection of MRSA in carcasses
and nasal cavities of goat emphasizes the public health risks related to
the consumption of contaminated goat meat. Having said that, the
differences in farm and slaughterhouse management systems, age of
goats tested, sample types, sampling methodology, and MRSA detection
techniques used should be taken into account while comparing and
contrasting findings from different reports.
Regular surveillance of clonal MRSA populations circulating in the
food chain is vital to understanding the evolution and dissemination of
specific MRSA clones, as well as for implementing appropriate pre
vention and control measures. Five of the MRSA strains from the cur
rent study were classified as ST72, which is the dominant CA-MRSA in
humans (Bae et al., 2019; Kim et al., 2019), pig, and cattle (Lim et al.,
2010; Moon et al., 2019; Nam et al., 2011) in Korea. The ST72 MRSA
isolates represented two spa types (t324 and t664) and SCCmec type IV
cassette, but lacked the LukF-PV gene. ST72 MRSA strains with the
above characteristics are the most common CA-MRSA in animals in
Korea (Bae et al., 2019; Lim et al., 2010; Lim et al., 2012; Moon et al.,
2015). Concurrent with the reports of Kim et al. (2019) and Song et al.
(2016) on human and bovine MRSA isolates, respectively, ST72 MRSA
strains from the current study tested positive for at least the following
staphylococcal toxin genes: seg, sei, sem, sen, seo, and lukED. Hence, the
detection of MRSA harboring the classical staphylococcal enterotoxin
genes in goat carcasses could suggest a potential public health problem.
In addition, PFGE analysis revealed the presence of genetically identical
ST72 MRSA isolates with identical or different spa types and virulence
factor genes at the same or different farms in Jeonnam. This suggests
clonal spread of ST72 MRSA among goats within and between farms,
cross-contamination in the slaughterhouse (mainly for carcass isolates),
or the existence of an epidemic clone in the goat industry. Nasal swabs
were collected as soon as the goats arrived at the slaughterhouse. Ad
ditionally, nasal isolates exhibited different antimicrobial resistance
profiles and/or molecular characteristics. Thus, the probability of crosscontamination with nasal isolates was very low.
Our only isolate from farm C-e in Jeonbuk province was identified
as ST398 MRSA-t571, one of the most common LA-MRSA strain in
Korea and other countries (Moon et al., 2019; Denis et al., 2009; Hau
et al., 2017). ST398 MRSA isolates with various spa types (pre
dominantly t011, t034, t571, t18102, and t18103) have been detected
in pigs and farmers in Korea and other countries (Back et al., 2020; DeBoer et al., 2009; Wendlandt et al., 2013). According to Cuny et al.
(2013), few representatives of the major virulence factors are detected
in a small proportion of ST398 LA-MRSA. This is in agreement with our
findings of only the lukED gene in ST398 MRSA. Concordant with
previous studies in Korea (Song et al., 2016) and Switzerland (Huber
et al., 2009), ST398 MRSA was untypeable by SmaI PFGE. To the best of
our knowledge, this is the first report of ST398-spa t571-SCCmec V
MRSA from a goat in Korea. This goat originated from a farm that only
raises goats and delivers them to the slaughterhouse in a dedicated
vehicle. Further, goats are slaughtered therein in a purpose-built house.
This might suggest that ST398-spa t571-SCCmec V MRSA is a unique
clone at farm C-e. However, further studies are needed to rule out any
cross-contamination from the farm and slaughterhouse workers.
MRSA strains have multiple antimicrobial resistance patterns. All
ST72 MRSA strains from the current study were also resistant to

4. Discussion
The study showed that majority of the isolates were resistant to at
least one antimicrobial agent, with the highest rate of resistance to
penicillin. Further, we have identified ST72 and ST398 MRSA carrying
various virulence factors that are commonly associated with human
infections.
The prevalence of S. aureus in the nasal cavity of goat determined in
our study (82%) was higher than those reported in other countries, e.g.,
Czechia (40%) (Klimesova et al., 2017), Taiwan (28%) (Chu et al.,
2012), Saudi Arabia (18%) (El-Deeb et al., 2018), Switzerland (13%)
(Mama et al., 2019), and Norway (10%) (Mork et al., 2010). In the
current study, 8% of goat carcasses tested positive for S. aureus. To the
best of our knowledge, no reports on the prevalence of S. aureus in goat
carcass are available for comparison. Hence, we compared the pre
valence and antimicrobial resistance rate of S. aureus from this study
with studies conducted mainly in milk samples from dairy goats. The
overall prevalence of S. aureus in our study (42%) was higher than that
noted in Switzerland (32%) (Muehlherr et al., 2003), China (24%)
(Qian et al., 2019), Taiwan (17%) (Chu et al., 2012), Czechia (16%)
(Klimesova et al., 2017), Saudi Arabia (14%) (El-Deeb et al., 2018), and
Norway (7%) (Mork et al., 2010) but, lower than those reported in
Norway (96%) (Jorgensen et al., 2005) and Italy (77%) (Spanu et al.,
2013). Although the differences might be associated with the variations
in sample place, size, type, and the season, the observed prevalence rate
in Korea is higher than in other countries.
S. aureus isolates exhibited high rates of resistance to penicillin,
tetracycline, and chloramphenicol, in agreement with previous findings
in Asia and Europe (Chu et al., 2012; Qian et al., 2019; Virdis et al.,
2010). Although the penicillin and tetracycline resistance rates were
lower than those reported for Taiwan (Chu et al., 2012), China (Qian
et al., 2019), and Italy (Virdis et al., 2010), they were higher than those
reported for Brazil (Lira et al., 2016). Ciprofloxacin and gentamicin
resistance rate was slightly higher than that reported by the study from
Brazil (Lira et al., 2016).
Concurrent with recent reports on S. aureus isolates from human and
food-producing animals in Korea and other parts of the world (El-Deeb
et al., 2018; Hong et al., 2018; Wang et al., 2014), various proportions
of S. aureus isolates exhibited resistance to cefoxitin, clindamycin, er
ythromycin, fusidate, gentamicin, kanamycin, and quinupristin/dalfo
pristin. Interestingly, all isolates were sensitive to linezolid and van
comycin, in agreement with previous reports on isolates from goat in
other countries (Chu et al., 2012; Lira et al., 2016; Qian et al., 2019)
and human isolates in Korea (Hong et al., 2018). Frequent use of var
ious antimicrobials, including β-lactams, tetracycline, and florfenicol,
in food-producing animals is primarily responsible for the emergence of
antibiotic-resistant S. aureus isolates (Liu et al., 2019).
The proportion of MDR isolates observed in our study (15%) was
lower than that recently reported in China (53%) (Qian et al., 2019).
The most frequent MDR patterns observed in the current study were
slightly different from those reported by El-Deeb et al. (2018) and Wang
et al. (2014) from Saudi Arabia and China, respectively. In the current
study, penicillin was the predominant resistance trait in both carcass
and nasal isolates. Although information on antibiotic usage in goat
farms in Korea is scarce, β-lactams are among the most commonly used
antibiotics in food-producing animals in the country (APQA, 2016). Of
5
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kanamycin, which is a characteristic of most MRSA strains circulating
in Korea (Moon et al., 2015) and Europe (Cortimiglia et al., 2015;
Feltrin et al., 2016). The emergence of MRSA strains resistant to mul
tiple classes of antibiotics is a major drawback for chemotherapy. In our
study, the ST398 MRSA isolate exhibited additional resistance to
non–β-lactam antibiotics, including ciprofloxacin and tetracycline. It
has been suggested that tetracycline resistance is a potential phenotypic
marker for ST398-A-MRSA isolates (Tegegne et al., 2019). Further, re
sistance to aminoglycosides and chloramphenicol is frequently reported
in ST398 MRSA isolated from pig carcasses in Korea (Moon et al., 2015;
Moon et al., 2019). These antibiotics are frequently used to treat in
fectious diseases in ruminants in Korea (APQA, 2016). Accordingly, the
MDR-ST398 MRSA identified in the current study may have arisen in
response to selection pressure from several antimicrobials.
Multiple studies suggest the possibility of MRSA transmission be
tween humans and animals. ST398 MRSA human carriage following
frequent contact with positive animals has been reported in Korea
(Moon et al., 2019) and other countries (Fluit, 2012; Verkade et al.,
2012). Loncaric et al. (2013) demonstrated a possible goat-to-human
transmission of ST398-spa t011-SCCmec type V MRSA. Cortimiglia et al.
(2015) and Stastkova et al. (2009) have suggested ST398 MRSA
transmission from goat to human, or vice versa. Hence, ST398-spa t571SCCmec V MRSA could be transmitted to humans following frequent
exposure to livestock, as well as through the food chain.
Our data were based on a relatively small number of samples col
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isolates from Korean goats, with an ensuing molecular characterization
of the identified MRSA. The obtained findings are important not only
for food safety purposes but also to contribute in increasing knowledge
regarding the antimicrobial resistance in livestock, that is essential, in
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to prevent the dissemination to humans.
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