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A B S T R A C T

Objectives: Staphylococcus aureus (SA) is a major pathogen causing dairy cow mastitis and endometritis.
Recently, animal-derived SA strains pose a serious public-health threat. However, little is known about
antimicrobial resistance and virulence factors of SA isolated from dairy cows in Xinjiang, China. In this
study, antimicrobial resistance, virulence gene profiles and genotypes of SA from clinical mastitis and
endometritis in dairy cows were investigated.
Methods: A total of 337 clinical samples (186 milk samples from clinical mastitis cases and 151
endometritis swab samples) were collected from 15 large-scale dairy farms and were screened for SA. All
SA isolates were subjected to antimicrobial susceptibility testing, detection of virulence genes and
molecular typing.
Results: A total of 155 SA strains were isolated; 22 (14.2%) were methicillin-resistant S. aureus (MRSA).
Resistance of MRSA isolates was significantly higher than that of methicillin-susceptible S. aureus (MSSA).
The percentage of virulence genes varied between MSSA and MRSA. The strains could be divided into two
SCCmec types (I and IVa), three agr types (I, II and III) and four spa types (t779, t2883, t13751 and t1939).
MLST identified 14 sequence types, among which ST1 and ST9 had relatively high detection rates.
Conclusions: These findings revealed that ST9-t1939-agrI was the main genotype of MSSA, whilst ST1-
SCCmecI-t1939-agrI was the main genotype of MRSA from dairy cows. More significantly, a novel ST (STX)
was identified for the first time. The majority of SA strains from dairy cows were multidrug-resistant and
carried multiple virulence genes, posing a potential public-health risk.
© 2018 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All

rights reserved.
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1. Introduction

Dairy cow mastitis and endometritis are two diseases in the
dairy industry that have a high occurrence and are most difficult to
treat [1]. According to an investigation of China’s dairy cow
diseases, the occurrence of mastitis and endometritis can reach
20–32% and 35–45%, respectively, in large-scale dairy farms,
causing huge economic losses to the dairy industry [2]. An
aetiological investigation revealed that Staphylococcus aureus (SA)
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is one of the most common pathogens causing these two diseases.
The infection rate of SA is ca. 20–50% [3]. As a result of the
extensive use of antibiotics in dairy farms, drug residues in milk
have increased and new resistant strains continue to occur,
bringing greater difficulties for the prevention and treatment of
dairy cow diseases [4].

Methicillin-resistant S. aureus (MRSA) is an important pathogen
of hospital- and community-acquired infections [5,6]. Recently,
animal-derived MRSA is widely present in Chinese livestock,
causing not only animal diseases but also cross-infection between
animals and humans. As a result, MRSA is a serious threat to public
health and has been extensively studied [7,8]. It is currently known
that MRSA has a complex resistance mechanism and is usually
lished by Elsevier Ltd. All rights reserved.
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associated with multidrug resistance. Staphylococcal cassette
chromosome mec (SCCmec) carrying resistance genes for methicil-
lin, heavy metals and other drugs can be integrated intothe genome.
The mecA gene encodes penicillin-binding protein 2a (PBP2a),
leading to high resistance to methicillin [9–11]. In addition,
virulence genes carried by MRSA can also enhance its pathogenicity
and the spread of antimicrobial-resistant bacteria [12].

Xinjiang Province, located in northwest China, is the most
important dairy farming base, possessing 3.6 million dairy cows.
Most dairy farms are large-scale farms and the average milk yield is
ca. 6500 kg/cow per year. However, mastitis and endometritis
occur frequently in these large-scale farms. In order to treat
diseased dairy cows, long-term use or abuse of antibiotics in dairy
farms has led to the emergence of drug-resistant strains. However,
antimicrobial resistance and molecular characteristics of SA
isolates from dairy cows in Xinjiang Province are not completely
understood. The objective of the present study was to explore the
antimicrobial resistance, virulence gene profile and molecular
characteristics of clinical SA isolates from dairy cows in Xinjiang,
northwest China.

2. Materials and methods

2.1. Sample collection

A total of 337 clinical samples (including 186 milk samples from
cases of clinical mastitis and 151 swab samples of endometritis)
were collected from 15 large-scale dairy farms in Wujiaqu, Shihezi,
Tacheng, Yili, Urumqi, Aksu and Kashi areas of Xinjiang Province
(see Supplementary Fig. S1 in the online version at DOI: 10.1016/j.
jgar.2018.08.024). Udders were washed with warm water and the
teats were sterilised with 75% alcohol. Milk after the third squeeze
was collected in a sterile tube that was placed in an icebox and
delivered to the Xinjiang Key Laboratory of Animal Disease
Prevention and Control (Xinjiang, China) for bacterial isolation
and cultivation.

2.2. Isolation and identification of S. aureus

Samples were inoculated in Baird–Parker medium (AMRESCO
Inc., Solon, OH) and were incubated at 37 �C for 12–48 h. A single
colony with typical characteristics was picked and was purified on
BDTM Baird–Parker nutrient agar medium (Beckton Dickinson,
Franklin Lakes, NJ). Purified bacteria were subjected to smearing,
Gram staining and microscopic examination. Biochemical reac-
tions were performed using a microbial biochemical identification
kit (Thermo Fisher, Waltham, MA). Universal primers were
designed according to the sequence of the 16S rRNA gene of SA
[13] and were used to verify the identity of SA isolates. SA isolates
Table 1
Isolation of Staphylococcus aureus in milk samples of clinical mastitis and swab sample

Region Milk samples of clinical mastitis 

No. examined No. positive (%) MSSA (%) MRSA (%

Wujiaqu 13 5 (38.5) 4 (30.8) 1 (7.7) 

Shihezi 14 7 (50.0) 5 (35.7) 2 (14.3)
Tacheng 25 18 (72.0) 13 (52.0) 5 (20.0)
Yili 40 20 (50.0) 18 (45.0) 2 (5.0) 

Urumqi 10 6 (60.0) 5 (50.0) 1 (10.0)
Aksu 52 24 (46.2) 22 (42.3) 2 (3.8) 

Kashi 32 18 (56.3) 15 (46.9) 3 (9.4) 

Total 186 98 (52.7) 82 (44.1) 16 (8.6)

MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus.
were stored at �20 �C for subsequent antimicrobial resistance
characterisation, virulence gene detection and molecular typing.

2.3. Determination of antimicrobial susceptibility of S. aureus isolates

A single colony was picked with a sterile inoculation loop and
was cultured in Luria–Bertani (LB) medium at 37 �C for 20–24 h.
The bacterial concentration was adjusted to an optical density at
600 nm of 0.5 using sterile normal saline and then 200 mL was
evenly spread on Mueller–Hinton agar (MHA) medium (AMRESCO
Inc.). Antimicrobial disks for 17 antimicrobial agents were placed
on the MHA agar medium with SA. Following 48 h of incubation at
37 �C, the diameter of the zone of inhibition was measured and was
interpreted according to Clinical and Laboratory Standards
Institute (CLSI) guidelines [14]. According to the CLSI, SA with a
cefoxitin zone of inhibition of �21 mm were analysed by
amplifying the mecA gene [15] to confirm MRSA strains [16].

2.4. Extraction of bacterial genomic DNA

Briefly, a single colony was inoculated into LB medium and was
incubated at 37 �C overnight. Then, 1.5 mL of the bacterial culture
was centrifuged at 12 000 rpm and the pellet was processed for
genomic DNA extraction using a commercial kit (TaKaRa, Tokyo,
Japan). Purified DNA was stored at �20 �C for virulence gene
detection and molecular typing.

2.5. Detection of antimicrobial resistance genes in S. aureus isolates

Multiplex PCR was used to detect the presence of macrolide
resistance genes (msrA, msrB), erythromycin resistance genes
(ermA, ermC), streptogramin acetyltransferase genes (vatA, vatB,
vatC), aminoglycoside resistance genes (aacA–D), tetracycline
resistance genes (tetK, tetM), lincosamide resistance gene (linA),
methicillin resistance gene (mecA) [17], chloramphenicol resis-
tance genes (fexA, fexB), oxazolidine ketone resistance genes (cfr,
optrA) and vancomycin resistance genes (vgaA, vgaC) [18] (see
Supplementary Table S1 in the online version at DOI: 10.1016/j.
jgar.2018.08.024).

2.6. Detection of virulence genes in S. aureus isolates

Multiplex PCR was used to detect the presence of the leukotoxin
genes (PVL, lukED, lukM), haemolysin genes (hla, hlb, hld) [19],
epidermal desensitising genes (eta, etb) [20], the toxic shock
syndrome toxin gene (tst), the adhesion gene (edin) [21] and a
novel virulence gene encoding cell wall-anchored protein (sasX)
[22] (see Supplementary Table S1 in the online version at DOI:
10.1016/j.jgar.2018.08.024).
s of endometritis from dairy cows in seven regions of Xinjiang Province, China.

Swab samples of endometritis

) No. examined No. positive (%) MSSA (%) MRSA (%)

10 4 (40.0) 3 (30.0) 1 (10.0)
 16 7 (43.8) 6 (37.5) 1 (6.3)

 18 9 (50.0) 7 (38.9) 2 (11.1)
27 6 (22.2) 6 (22.2) 0

 12 6 (50.0) 5 (41.7) 1 (8.3)
38 13 (34.2) 13 (34.2) 0
30 12 (40.0) 11 (36.7) 1 (3.3)

 151 57 (37.7) 51 (33.8) 6 (4.0)
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2.7. Molecular typing of S. aureus isolates based on SCCmec, accessory
gene regulator (agr) and staphylococcal protein A (spa) typing and
multilocus sequence typing (MLST)

Multiplex PCR was used to determine the types and subtypes of
SCCmec including I, II, III, IVa, IVb, IVc, IVd and V [8] (see
Supplementary Table S1 in the online version at DOI: 10.1016/j.
jgar.2018.08.024). Amplified PCR products were sequenced and the
genotypes were determined according to the sequences. Primers
for the agr allele (I–IV) were designed and PCR products were
sequenced to determine the agr subtypes [20]. MLST was
performed as described previously [23]. The spa gene [24] was
amplified and sequenced to determine spa subtypes based on the
Ridom SpaServer database (https://www.spaserver.ridom.de/).
Alleles and sequence types (STs) for each strain were obtained
from the following database (http://saureus.beta.mlst.net).

3. Results

3.1. Isolation and identification of S. aureus strains

A total of 155 SA strains were isolated from 337 clinical samples
collected from 15 large-scale cattle farms in Xinjiang Province,
among which 22 (14.2%) were confirmed as MRSA by PCR. Thus,
MRSA strains accounted for 6.5% (22/337) of the total samples
(Table 1).

3.2. Antimicrobial resistance in S. aureus strains

Of the 155 SA strains, 133 (85.8%) were methicillin-susceptible
S. aureus (MSSA) and 22 (14.2%) were MRSA. Vancomycin and
linezolid resistance was not detected in any of the isolates. High
levels of resistance to penicillin (91.7%), erythromycin (42.9%) and
trimethoprim (37.6%) were observed in the MSSA strains, whereas
resistance to rifampicin (2.3%) and teicoplanin (5.3%) was relatively
low. MRSA strains had high levels of resistance to penicillin (100%),
cefoxitin (86.4%), tetracycline (77.3%) and clindamycin (77.3%), but
low resistance to rifampicin (0%) and nitrofurantoin (18.2%)
(Table 2). Antimicrobial resistance of MSSA was generally lower
than that of MRSA. Furthermore, the distribution of resistant
strains to different antibiotics varied between MRSA and MSSA
(see Supplementary Fig. S2 in the online version at DOI: 10.1016/j.
jgar.2018.08.024).
Table 2
Antimicrobial susceptibility pattern of Staphylococcus aureus isolates from dairy cows i

Antimicrobial agent (concentration tested) No. (%) resistant

Overall (n = 155)

Ciprofloxacin (5 mg) 38 (24.5) 

Oxacillin (1 mg) 20 (12.9) 

Chloramphenicol (30 mg) 39 (25.2) 

Trimethoprim (5 mg) 64 (41.3) 

Levofloxacin (5 mg) 27 (17.4) 

Penicillin (10 U) 144 (92.9) 

Erythromycin (15 mg) 70 (45.2) 

Tetracycline (30 mg) 61 (39.4) 

Cefoxitin (30 mg) 33 (21.3) 

Nitrofurantoin (300 mg) 25 (16.1) 

Rifampicin (5 mg) 3 (1.9) 

Teicoplanin (30 mg) 12 (7.7) 

Clindamycin (2 mg) 48 (31.0) 

Gentamicin (10 mg) 25 (16.1) 

Vancomycin (30 mg) 0 

Florfenicol (30 mg) 21 (13.5) 

Linezolid (30 mg) 0 

MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus.
3.3. Percentage of antimicrobial resistance genes in S. aureus strains

The oxazolidinone resistance genes cfr and optrA and the
vancomycin resistance genes vgaA and vgaC were not detected in
any strains. The resistance genes linA, tetM and ermC were detected
in 42.1%, 40.6% and 30.8% of MSSA strains, respectively. The
resistance genes mecA, linA, ermC and vatC were detected in 100%,
90.9%, 72.7% and 72.7% of MRSA stains, respectively (Table 3).
Multiplex PCR could detect characteristic bands for nine antimi-
crobial resistance genes (see Supplementary Fig. S3 in the online
version at DOI: 10.1016/j.jgar.2018.08.024). The percentage of
antimicrobial resistance genes in MRSA was significantly higher
than that in MSSA, except for tetK that was only detected in MSSA
(Table 3).

3.4. Percentage of virulence genes in S. aureus strains

The main virulence genes detected in SA strains included lukED,
hla, hlb, hld and tst. The percentage of hla, hlb and hld was high in
MSSA, whilst lukED and tst were widely present in MRSA strains.
These results indicated that different virulence genes are
distributed in MSSA and MRSA strains (Table 4).

3.5. Molecular typing of S. aureus strains based on SCCmec, agr and
spa typing and MLST

The main SCCmec types detected in MRSA strains were SCCmec I
and IVa as exhibited by two characteristic bands in multiplex PCR
analysis (see Supplementary Fig. S4A in the online version at DOI:
10.1016/j.jgar.2018.08.024). None of SCCmec genotypes were
detected in MSSA strains. SCCmec I was the main genotype of
MRSA isolates. SCCmec I and IVa were detected in 77.3% (17/22) and
22.7% (5/22) of MRSA strains, respectively. Three agr molecular
types (I, II and III) were detected as exhibited by three different
characteristic bands in multiplex PCR analysis (see Supplementary
Fig. S4B in the online version at DOI: 10.1016/j.jgar.2018.08.024).
The proportions of agr I, II and III were 51.0%, 19.4% and 13.5%,
respectively. The distribution of SCCmec and agr types in SA strains
was different (Fig. 1A). The percentage of these two genotypes was
also different in MRSA types (Fig. 1B). spa molecular typing
detected four subtypes (t779, t2883, t13751 and t1939) as
exhibited by four characteristic bands in PCR analysis (see
Supplementary Fig. S5 in the online version at DOI: 10.1016/j.
n Xinjiang Province, China, to 17 antimicrobial agents tested.

 MSSA (n = 133) MRSA (n = 22)

34 (25.6) 4 (18.2)
11 (8.3) 9 (40.9)
32 (24.1) 7 (31.8)
50 (37.6) 14 (63.6)
23 (17.3) 4 (18.2)
122 (91.7) 22 (100)
57 (42.9) 13 (59.1)
44 (33.1) 17 (77.3)
14 (10.5) 19 (86.4)
21 (15.8) 4 (18.2)
3 (2.3) 0
7 (5.3) 5 (22.7)
31 (23.3) 17 (77.3)
13 (9.8) 12 (54.5)
0 0
15 (11.3) 6 (27.3)
0 0
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Table 3
Detection of antimicrobial resistance genes of Staphylococcus aureus isolates from dairy cows in Xinjiang Province, China.

Antimicrobial class/resistance gene No. (%) of positive isolates

Total isolates (n = 155) MSSA (n = 133) MRSA (n = 22)

Macrolides
msrA 0 0 0
msrB 42 (27.1) 34 (25.6) 8 (36.4)

Erythromycin
ermA 0 0 0
ermC 57 (36.8) 41 (30.8) 16 (72.7)

Aminoglycosides
aacA–D 24 (15.5) 16 (12.0) 8 (36.4)

Tetracyclines
tetK 5 (3.2) 5 (3.8) 0
tetM 64 (41.3) 54 (40.6) 10 (45.5)

Lincosamides
linA 76 (49.0) 56 (42.1) 20 (90.9)

Chloramphenicol
fexA 11 (7.1) 9 (6.8) 2 (9.1)
fexB 0 0 0

Oxazolidinones and phenicols
cfr 0 0 0
optrA 0 0 0

Vancomycin
vgaA 0 0 0
vgaC 0 0 0

Streptogramins
vatA 0 0 0
vatB 0 0 0
vatC 28 (18.1) 12 (9.0) 16 (72.7)

β-Lactams
mecA 22 (14.2) 0 22 (100)

MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus.

Table 4
Percentage of virulence genes in Staphylococcus aureus isolates from dairy cows of
Xinjiang Province, China.

Virulence factor/
genea

No. (%) of positive isolates

Total isolates (n = 155) MSSA (n = 133) MRSA (n = 22)

Panton–Valentine leukocidin
PVL 0 0 0
lukED 27 (17.4) 11 (8.3) 16 (72.7)
lukM 0 0 0

Haemolysin
hla 57 (36.8) 54 (40.6) 3 (13.6)
hlb 36 (23.2) 34 (25.6) 2 (9.1)
hld 49 (31.6) 43 (32.3) 6 (27.3)

Exfoliative toxins A and B
eta 0 0 0
etb 0 0 0

Toxic shock syndrome toxin-1
tst 41 (26.5) 23 (17.3) 18 (81.8)

Invasive toxin
edin 0 0 0

Mobile genetic element
sasX 0 0 0

MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus.
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jgar.2018.08.024). Antimicrobial resistance and virulence genes
were also different among different subtypes (see Supplementary
Table S2 and Fig. S6 in the online version at DOI: 10.1016/j.
jgar.2018.08.024). A total of 14 STs were detected among the 155 SA
strains (ST188, ST584, ST9, ST805, ST2139, ST1, ST2700, ST903,
ST2454, ST2990, ST63, ST968, ST2373 and STX), with ST9 being the
predominant type. A corresponding ST was not identified for one
strain when all the alleles of housekeeping genes were imported
into the MLST database and this ST was designated as STX. A total of
seven characteristic bands were obtained for the seven house-
keeping genes (see Supplementary Fig. S7 in the online version at
DOI: 10.1016/j.jgar.2018.08.024). ST1 was the main genotype of
MRSA. In addition, different STs carried different virulence and
antimicrobial resistance genes (see Supplementary Table S3 and
Fig. S8 in the online version at DOI: 10.1016/j.jgar.2018.08.024).
Different STs also correspond to different types of SCCmec, agr and
spa (Table 5). Different STs were also distributed to different strains
(see Supplementary Fig. S9 in the online version at DOI: 10.1016/j.
jgar.2018.08.024).

4. Discussion

In this study, antimicrobial resistance, virulence gene profiles
and molecular typing of SA isolates from clinical mastitis and
endometritis in dairy cows in Xinjiang Province, northwest China,
were characterised. MSSA and MRSA accounted for 85.8% and
14.2% of the 155 SA isolates, respectively. Thus, MSSA was the
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Fig. 1. Distribution of staphylococcal cassette chromosome mec (SCCmec) and
accessory gene regulator (agr) types in Staphylococcus aureus strains from dairy
cows in Xinjiang Province, China, for: (A) methicillin-resistant S. aureus (MRSA) and
methicillin-susceptible S. aureus (MSSA) strains; and (B) among different MRSA
strains.
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predominant strain in dairy cows. However, compared with MSSA,
MRSA had a high percentage of multidrug-resistant (MDR) strains.
Moreover, the presence of a particular antimicrobial resistance
gene was not fully consistent with resistance to this particular
antibiotic, suggesting that although these strains carry this
particular antimicrobial resistance genes, they may not be
expressed to confer a resistant phenotype. Furthermore, these
strains may be converted into resistant strains under certain
conditions and thus may have important epidemiological signifi-
cance in the transmission of SA resistance.

Antimicrobial resistance and genetic diversity are responsible
for wide epidemics and transmission of MRSA [25,26]. Recently,
Panton–Valentine leukocidin (PVL) has been detected in animal
and foodborne SA isolates [27], in which lukED belongs to a
leukotoxin and is an important marker of SA pathogenicity [19].
The results also showed that MRSA and MSSA isolates could carry a
variety of virulence genes and that these virulence genes were
distributed differently in different genotypes, suggesting that SA
virulence is not only manifested at the strain level but is also
associated with the strain’s origin and genetic background. Studies
have reported that acquired antimicrobial resistance is accompa-
nied by deletion mutations in virulence factors in SA, leading to a
low detection rate of virulence genes [28,29]. In the current study,
the detection rate of the haemolysin virulence factor in MDR MRSA
was lower than that in MSSA, which is consistent with previous
studies [30]. This could be due to compensatory mutation during
the process of acquiring multidrug resistance by MRSA, thus
offsetting its haemolysin gene and reducing its detection rate.

The recent emergence of different genotypes in SA isolates has
posed a significant threat to veterinary clinical and public health.
Studies have shown that hospital-associated SCCmec I and
community-associated SCCmec IV [31,32] genotypes are also
present in cattle-derived MRSA [33]. It is speculated that MRSA
transmission between humans and animals may be related to the
molecular mechanism of SCCmec epidemics. A high proportion of
SCCmec I may be due to its transmission between humans and
animals by farmers carrying SCCmec I. SCCmec IVa SA may be
transmitted between humans and animals through the environ-
ment. Thus, preventing the spread of pathogens between humans
and animals is essential for reducing MRSA epidemics. agr typing is
one of the important markers to study SA epidemiology. It has been
reported that agr I is highly prevalent in hospital- and cattle-
derived SA [13,34]. Among the SA isolates from dairy cows, the
highest proportion in cattle-derived SA is agr I, followed by agr II.

In this study, spa types t779 and t1939 were isolated that are
rarely epidemic [24,35]. In the past years, these genotypes of SA
strains were isolated from animals and slaughterhouse workers.
Furthermore, spa genotype t1939 was the predominant genotype
in SA isolates from dairy cows in Xinjiang. spa types were different
between human and animal SA, but there are also similarities.
Studies have reported that ST188 is one of the major STs in milk SA.
ST188 can be isolated not only from workers who are associated
with meat products and dairy processing, but also from humans
who are not in contact with animals [36,37]. In addition, pig-
derived ST63 was also isolated from cattle in this study [38]. In
North Dakota, studies have reported the isolation of human
disease-associated ST9 [39], which was also isolated from cattle in
this study. Therefore, these four genotypes from a cattle source
have been reported in animal and humans. More importantly, the
genotypes isolated from different sources (cattle, pig, human) are
identical, indicating that some genotypes of MRSA can not only be
transmitted in the same species but can also spread among
humans, animals and the environment. Moreover, a new genotype
(STX) was also identified, which belonged to the genotype of
t1939-agrI in MSSA. STX was resistant to penicillin, tetracycline
and clindamycin and carried ermC and linA resistance genes and
the hld virulence gene. Identification of a new genotype (STX) for
the first time suggests that SA isolates can undergo significant
genetic variation under the pressure of antibiotics and the human
immune system. However, the pathogenicity of STX genotype and
its transmission between cattle and humans remain unclear. The
public-health implications of STX genotype should be further
investigated and explored.

In summary, the present study demonstrated that the main
genotypes of SA isolates from dairy cows in Xinjiang were ST9-
t1939-agrI in MSSA and ST1-SCCmec I-t1939-agrI in MRSA. Also, a
new STX genotype was identified for the first time, which enriches
the MLST genotyping database and lays the foundation for



Table 5
Distribution of sequence types (STs) by multilocus sequence typing (MLST), staphylococcal protein A (spa) types, accessory gene regulator (agr) types and staphylococcal
cassette chromosome mec (SCCmec) types in Staphylococcus aureus strains from dairy cows in Xinjiang Province, China.

MLST No. (%) of isolates spa type (n) agr type (n) SCCmec type (n)

MSSA MRSA MSSA MRSA MSSA MRSA MSSA MRSA

ST188 13 (9.7) 4 (18.2) t1939 (6), t13751 (7) t1939 (3), t13751 (1) I (5), II (3), III (3),/(2) I (3), III (1) / I (3), Iva (1)
ST584 1 (0.8) 0 t1939 (1) / I (1) / / /
ST9 27 (20.3) 3 (13.6) t1939 (10), t13751 (8), t779 (9) t1939 (1), t779 (2) I (13), II (9), III (3),/(2) I (1), II (2) / I (2), Iva (1)
ST805 5 (3.8) 0 t1939 (5) / I (2), II (2),/(1) / / /
ST968 0 2 (9.1) / t1939 (1), t13751 (1) / I (2) / I (2)
ST2373 0 1 (4.5) / t1939 (1) / I (1) / I (1)
ST2139 17 (12.8) 1 (4.5) t1939 (9), t2883 (3), t13751 (5) t1939 (1) I (10), II (2), III (5) I (1) / I (1)
ST1 23 (17.3) 6 (27.3) t1939 (4), t2883 (8), t779 (5), t13751 (5),/(1) t1939 (1), t2883 (3), t779 (2) I (14), II (6), III (2),/(1) I (5), III (1) / I (4), Iva (2)
ST2700 6 (4.5) 2 (9.1) t1939 (2), t2883 (3), t779 (1) t1939 (1), t2883 (1) I (4), III (1),/(1) I (1), II (1) / I (2)
ST903 9 (6.8) 0 t1939 (4), t779 (2), t13751 (3) / I (6), III (3) / / /
ST2454 7 (5.3) 0 t779 (5), t13751 (2) / I (3), II (2), III (2) / / /
ST2990 3 (2.3) 0 t1939 (3) / I (1), II (2) / / /
ST63 1 (0.8) 2 (9.1) t1939 (1) t1939 (1), t2883 (1) I (1) I (2) / I (2)
STX 1 (0.8) 0 t1939 (1) / II (1) / / /
NT 20 (15.0) 1 (4.5) t779 (1), t2883 (1), t13751 (2), t1939 (1),/(15) t1939 (1) I (2),/(18) I (1) / Iva (1)

MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus; /, not applicable; NT, not typed.
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subsequent studying and monitoring the spread and prevalence of
this genotype. The results of this study suggest that there is a
potential risk of SA transmission between dairy cows and humans.
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