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=] 'Er Abstract
i - Although there has been extensive research on the presence of Staphylococcus aureus (8.
et

aureus) in raw milk samples, new data on the prevalence and molecular characterization
of Coagulase-negative Staphylococci (CoNS) are needed. This study aimed to compare
the antimicrobial profiles, virulence genes, and SCCmec types distribution between S.
aureus and CoNS isolated from one hundred and fifty raw cow milk samples in Istanbul.
Staphylococcus isolates were identified using VITEK MS following classical culture
methods. Phenotypic antibiotic susceptibility was determined using the disc diffusion
method. In-house PCR was employed to detect resistance genes, while multiplex PCR
and qPCR were utilized for SCCmec typing and virulence genes such as SEs, respectively.
Out of the seventy-five contaminated samples (50%), 32% harbored S. aureus, and 68%
were CoNS. Methicillin resistance was identified in 10.6% of S. aureus and 14.6% of
CoNS. SCCmec type IV predominated in both MRSA (50%) and MRCoNS (54.5%). At
least one toxin gene was present in 83.3% of S. aureus and 22.4% of CoNS isolates, with sei
being the most frequently observed. None of the S. aureus isolates tested positive for the
sed, see, and pvi genes. Similarly, the sea, sed, see, tsst-1, and pvl genes were not detected
in any of the CoNS isolates. As a conclusion, SCCmec type IV and sei gene predominated
and community-acquired resistance patterns were prominent in Staphylococcus strains,
which carried various virulence and resistance genes. Beyond MRSA, the presence of
MRCOoNS should be considered and monitored as a significant public health concern
in raw milk.

) Corresponding author:
Seda EKICI

Cellular phone: +90 537 894 6636

E-mail: seda.ergen@hotmail.com

How to cite this article?

Mamal Torun M, Ekici S, Dinger S, Kara
i, Ozmen A, Piyadeoglu D, Elbizim DS,
Giiler B, Aksaray S, Aktepe OC, Demirci
M, Diilger D: Comparison of virulence,
resistance genes, and SCCmec types in
CoNS and S. aureus strains isolated from
raw cow milk samples. Kafkas Univ Vet Fak
Derg, 31 (2): 181-188, 2025.

DOI: 10.9775/kvfd.2024.32896

Article ID: KVFD-2024-32896
Received: 29.08.2024
Accepted: 05.01.2025

Published Online: 12.01.2025 Keywords: CoNS, Raw milk, SCCmec types, Staphylococcus aureus, Virulence genes

from the consumption of food contaminated with
sufficient amounts of staphylococcal enterotoxins (SEs),
primarily produced by specific S. aureus strains ™.

INTRODUCTION

Staphylococcus aureus is a highly proficient opportunistic

pathogen, implicated in various infectious diseases, Coagulase-negative staphylococci (CoNS) play the role

ranging from minor skin and soft tissue infections to ¢ o0 tunistic nosocomial pathogens, often linked to

septicemia and toxic shock syndrome. Moreover, among
the diverse diseases caused by S. aureus, staphylococcal
food poisoning (SFP), a foodborne intoxication, results

infections associated with foreign bodies and catheters,
as well as conditions such as urinary tract infections and
endocarditis, among others 2/,
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S. aureus exhibits numerous virulence factors and a
notable capacity to develop resistance to a broad spectrum
of antibiotics. Methicillin resistance is particularly
significant within Staphylococcus spp., especially in S.
aureus. The methicillin resistance determinant, mecA,
is an integral part of a mobile genetic element known as
SCCmec. Although mecA is not exclusive to S. aureus, its
presence has been documented in other Staphylococcal
species originating from both human and animal sources.
In addition to S. aureus and S. sciuri, reports indicate
the occurrence of mecA in methicillin-resistant strains
of S. pseudintermedius, S. intermedius, S. vitulinus, S.
epidermidis, S. haemolyticus, and S. saprophyticus B\

Methicillin resistance in Staphylococci, especially in
S. aureus (MRSA), has a global presence, adapting to
diverse environmental conditions and modulating its
pathogenicity. The prevalence and epidemiology of MRSA,
in particular, are continually escalating, attributed to the
emergence of new MRSA clones in various geographical
regions. Therefore, it is crucial to bear in mind that MRSA
can continuously acquire new features and should be
closely monitored 4.

Monitoring methicillin resistance in food is vital due
to the ability of these bacteria to disseminate multiple
antimicrobial resistance genes, transforming it into a
significant public health concern . While many studies
on raw milk have focused on S. aureus, especially MRSA,
several studies have started to emphasize the importance
of CoNS 126],

This study aims to compare the antimicrobial profiles,
virulence genes, and the distribution of SCCmec types
between S. aureus and CoNS isolated from raw cow milk
in what there is needed new data.

MATERIAL AND METHODS
Ethical Statement

This study does not require ethical permission.
Sampling and Storage

One hundred and fifty raw cow milk samples offered for
sale in various districts of Istanbul were randomly collected
between September 2018 to February 2020. None of the
milk samples were packed. 500 mL of raw milk samples
from each sample were collected in sterile containers and
transported to the laboratory under appropriate transport
conditions. All samples were kept at +4°C in a refrigerator
and taken to the laboratory for processing.

Isolation of S. aureus and Other Staphylococcus spp.

A volume of 10 pL of each sample was performed on blood
agar with 5% sheep blood and chocolate agar (Oxoid,
Basingstoke, United Kingdom). Plates were examined

after 24 h and 48 h. of aerobic incubation at 37°C. Typical
Staphylococcus spp. colonies were tested. Gram stain and
biochemical identification tests such as catalase test,
novobiocin sensitivity, and mannitol fermentation were
made for identification. The presence of beta hemolysis,
clumping factor, tube coagulase activity, and DNase were
also investigated ..

The strains identified as Staphylococcus spp. were
subcultured on tryptic soy agar and incubated at 37°C for
24-48 h. The VITEK MS (bioMérieux SA, Marcy I'Etoile,
France) Matrix-Assisted Laser Desorption Ionization
Time-of-Flight (MALDI-TOF) (bioMérieux SA, Marcy
IEtoile, France) system was employed for identification
following the manufacturer’s instructions. Subsequently,
the isolates were individually stored in tryptic soy broth
medium with 15% glycerol at —80°C for subsequent
phenotypic and genotypic analyses ..

Phenotypic Characterizations

Oxacillin disc diffusion testing: Methicillin resistance was
detected by cefoxitin (30 pg) and oxacillin (1 pg) disks
(Oxoid, Basingstoke, United Kingdom) according to the
EUCAST criteria 7. S. aureus ATCC 25923 (susceptible)
and S. aureus ATCC 43300 (resistant) were used as control
strains.

Antimicrobial  susceptibility testing: Antimicrobial
susceptibility testing was performed according to the
disc diffusion method and the results were interpreted
according to the EUCAST-2016 criteria (EUCAST.
Version 6.1, 2016). The antimicrobial susceptibility of
Staphylococcus was assessed for penicillin G, oxacillin,
cefoxitin, erythromycin, gentamicin, amikacin, tetracycline,
clindamycin, and vancomycin (Oxoid, Basingstoke, United
Kingdom) on Mueller-Hinton agar. S. aureus ATCC 29213
served as a quality control strain. Isolates demonstrating
resistance to at least three different antimicrobial classes
were classified as multidrug-resistant .

Genotypic Characterisations

DNA Extraction: The High Pure PCR template preparation
kit (Roche Diagnostics GmbH, Mannheim, Germany) was
used to perform DNA isolation from the Staphylococcus
strains according to the manufacturer’s instructions.

SCCmec Typing in MRSA and MRCoNS via Multiplex
PCR: SCCmec typing was performed via multiplex PCR
using specific primer sets (IDT, Coralville, IA, USA)
and same protocols used by Kondo et al.®l. The SCCmec
typing assignment of the isolates was conducted based on
the ccr and mec gene complexes. Six different multiplex
PCR sets were performed on T100 Thermal Cycler (Bio-
Rad, Hercules, CA, USA) for SCCmec typing of each
isolate. The protocol involves six M-PCR assays; M-PCR1
was identified the ccr type by targeting specific genes
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within the ccr complex. M-PCR2 was determined the
mec class by targeting specific regions within the mecA-
mecl complex. M-PCR3 was identified the specific ORFs
in the J1 region of type I and type IV SCCmec elements.
M-PCR4 was identified the specific ORFs in the J1
region of type II, type III, and type V SCCmec elements.
M-PCR5 was identified the J2 region of type II or type
III SCCmec elements and the presence of ermA and cadB
genes. M-PCR6 was identified the integrated plasmids
in the J3 region, specifically targeting mecA, ant(4’), and
tetK genes. By combining the results of these six M-PCR
assays, can be classify S. aureus strains based on their
SCCmec type. Except M-PCR6, Reaction mixture was
included 10 ng DNA, 0.1 uM primers, 200 uM dNTPs, Taq
buffer, 2.5U Taq polymerase, 3.2 mM MgCl,, in 50 uL and
PCR condition was denaturation for 94°C, 2 min, and 30
cycles annealing of 94°C at 2 min, 57°C at 1 min, 72°C at
2 min, and then final extension 72°C at 2 min. M-PCR1
annealing temperatures was 57°C at 1 min but M-PCR2
to 5 annealing temperatures was 60°C at 1 min. M-PCR6
was a long-range PCR and reaction mixture was included
10 ng DNA, 0.3 uM primers, 200 uM dNTPs, Expand
High Fidelity buffer, 1.5 mM MgCl, 2.6U enzyme mix
(Roche Diagnostics GmbH, Mannheim, Germany), in 50
uL. PCR condition of M-PCR6 was; denaturation (94°C,
2 min), 10 cycles (94°C, 15 s, 50°C, 30 s, 68°C, 8 min),
20 cycles (94°C, 15 s, 50°C, 30 s, 68°C, 12 min), and final
extension (72°C, 7 min). Agarose gel electrophoresis was
performed on mini-sub cell GT horizontal electrophoresis
system (Bio-Rad, Hercules, CA) to analyze PCR products
and gels were analysis using a Chemi-Doc MP Imaging
System (Bio-Rad, Hercules, CA, USA) ¥,

Detection of Antimicrobial Resistance Genes via In-
house PCRs

Specific primers were used to determine the genotypical
antimicrobial susceptibility via the previously described
by Demir et al.”’ and Demirci et al.”. Fifteen genes
were used to find the genotypical resistance. Oxacilline
(mecA); penicillin (blaZ); aminoglycoside (gentamicin
and amikacin) (aac(6)-aph(2”), aph(3)-Ila, ant(4)-
Ia); macrolide (erythromycin) (ermA, ermB, ermC,
and msrA), tetracycline (tetK, tetM) ' and vancomycin
(vanA, vanB, vanCl, and vanC2-C3) specific genes were
analyzed as described by Demirci et al.”. The 16S rDNA
gene was used as an amplification control. The PCR
amplifications were performed in a total of 25 uL volume
on T100 Thermal Cycler (Bio-Rad, Hercules, CA, USA).
Each reaction contained 5 pL of template DNA. Agarose
gel electrophoresis were performed on mini-sub cell GT
horizontal electrophoresis system (Bio-Rad, Hercules,
CA) to analyze PCR products and gels were analysis using
a Chemi-Doc MP Imaging System (Bio-Rad, Hercules,
CA, USA) L

Detection of Staphylococcal SEs Genes, tsst -1 Gene,
and pvl Gene via qPCR

qPCR was employed to detect virulence genes such as
Staphylococcal ~ Enterotoxins-SEs,  Panton-Valentine
Leukocidin toxin-pvl, and toxic shock syndrome toxin
I- tsst-1 using specific primer sets (IDT, Coralville, IA,
USA) as previously described by Demirci et al.”l. The
LightCycler 480 Sybr Green Master kit (Roche Diagnostics
GmBH, Mannheim, Germany) was utilized with these
primers on the LightCycler 480 II instrument (Roche
Diagnostics GmBH, Mannheim, Germany) following the
manufacturer’s instructions.

Positive Controls Included S. aureus Strains

ATCC 14458 (seb), ATCC 13565 (sea, sej), ATCC 19095
(sec, seh), ATCC 27664 (see), ATCC 23235 (sed, seg, sei),
ATCC 51650 (tsst-1) and, ATCC 25923 (pvl), while S.
aureus ATCC 6538 served as the negative control.

Statistical Analysis

Descriptive statistics were presented with frequency and
percentage values. Chi-square analysis was performed for
proportional evaluations of S. aureus and CoNS groups.
Bonferroni test was used to determine the groups with
differences (a>b). P values less than 0.05 were considered
significant in the study. SPSS v25 software (IBM) was used
for the statistical analysis.

RESULTS

One hundred and fifty (150) raw milk samples were
included in our study. 50% were found to be contaminated
with Staphylococcus species. S. aureus and CoNS were
found 32% (24/75) and 68% (51/75), respectively (Table
I). We found phenotypically eight strains (10.6% - 8 out
of 75) and ten strains (13.3% - 10 out of 75) identified
as MRSA and MRCoNS respectively, but eleven strains
of CoNS (14.6% - 11 out of 75) carried the mecA gene
genotypically (One S. sciuri strain only carried mecA
gene). In addition to MRSA and MRCoNS, 21.3% (16
out of 75 strains) MSSA and 54.6% (41 out of 75 strains)
MSCoNS were isolated in raw milk samples.

The distribution of CoNS isolates was Staphylococcus
chromogenes 33.3% (17/51), S. sciuri 23.5% (12/51), S.
haemolyticus 13.7% (7/51), S. saprophyticus 5.9% (3/51),
S. vitilinus 5.9% (3/51), S. warneri 5.9% (3/51), S. cohnii

Table 1. Microbiological analysis of raw milk samples

Results Raw Milk Samples (n: 150)

Negative 75

75
(S. aureus — CoNS)
(32% (24/75) — 68% (51/75))

Positive
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spp. urealyticus 5.9% (3/51), S. equorum 3.9% (2/51) and S.
epidermidis 1.9% (1/51).

BMRSA

mssA
MRCoNS

9 mMSCoNS

Antimicrobial resistance genes

Fig 1. The distrubution of antimicrobial resistance genes between isolates

Table 3. The distrubution of virulence genes in Staphylococcus spp. isolated
from raw milk samples

Table 2. The antimicrobial resistance patterns of the Staphylococcus spp.
isolated from raw milk samples

S. aureus CoNS
Antibiotics (n=24) (n=51) P

n (%) n (%)

Oxacillin 8(33.3)* 10 (19.6)°
Cefoxitin 8(33.3)* 10 (19.6)°
Penicillin 11 (45.8) 24 (47.9)
Gentamicin 5(20.8) 9 (17.6)
Amikacin 3(12.5) 0 (0P 0.04*
Tetracycline 8 (33.3)* 12 (23.5)®
Erythromycin 5(20.8) 13 (25.5)
Clindamycin 4(16.7) 12 (23.5)
Multidrug-resistance 5(20.8) 12 ( 23.5)
** Chi-square test was performed; * Significant difference at the 0.05 level, a>b

Susceptibility testing was performed using seven different
antibiotics for Staphylococci isolated from raw milk.
The highest phenotypic resistance rate for S. aureus was
detected in penicillin (45.8%) and tetracycline (33.3%),
followed by gentamicin 20.8%, erythromycin 20.8%, and
clindamycin 16.7%. The least resistance was observed
against amikacin, with a rate of 12.5%. All of the S. aureus
isolates were susceptible to vancomycin. The highest
phenotypic resistance rate for CoNS was found at 47.9%
for penicillin, 25.5% for erythromycin, and 23.5% for
tetracycline, followed by 17.6% for gentamicin. The lowest
rate of resistance was found to be against clindamycin
23.5%. All of the CoNS isolates were susceptible to
amikacin and vancomycin. Methicillin, amikacin, and
tetracycline resistance were found to be significantly
higher (P<0.05) in S. aureus isolates compared to CoNS
isolates, and similar resistance rates were found in other
antibiotics (Table 2).

Distribution of antimicrobial resistance genes; In S. aureus
isolates were found as blaZ 54.2%, aac(6’)-aph(2”) 37.5%,
aph(3’)-Illa 16.7%, ant(4)- Ia 8.3%, ermA 4.2%, ermB
8.3%, ermC 12.5%, msrA 20.9%, tetK 16.7%, tetM 16.7%
and vanA 0%; In CoNS isolates were found as blaZ 47%,
aac(6’)-aph(2”) 21.6 %, aph(3’)-I1la 3.9%, ant(4’)- Ia 1.9%,
ermA 13.7%, ermB 5.9%, ermC 29.4%, msrA 7.8%, tetK
9.8%, tetM 19.6% and vanA 0%.

Although two S. aureus strains carried the blaZ gene,
phenotypic penicillin resistance was not observed. The
ermC gene was detected only in MSSA isolates. All of
the CoNS isolates were carrying the msrA genes were
methicillin-resistant (MRCoNS). The msrA gene was

S. aureus CoNS
Status of Virulence (n=24) (n=51) P
Genes

n (%) n (%)
tsst-1 1(4.8) 0(0)
Isolates carrying
enterotoxin genome 20 (83.3)* 11 (22.4)°
(SEs)
Only one group of 6 (25.0)° 482
enterotoxin genome
0,01*

More thal:l one group of 13 (54.2)° 7(143)
enterotoxin genome
Isol.ates non-carrying 1(167) 40 (812)°
toxin genome

** Chi-square test was performed.* Significant difference at the 0.05 level, a>b

significantly higher (P<0.05) in S. aureus isolates than in
CoNS isolates. In addition, the ermC gene was significantly
higher in CoNS isolates compared to S. aureus isolates
(P<0.05). All phenotypic gentamicin-resistant isolates
carried the aph(3')-Illa gene. Although the two strains
carried the tetK and tetM genes, they did not show
phenotypic tetracycline resistance (Fig. 1). In our study,
a total of 5 (20.8%) isolates in S. aureus and a total of
12 (25.3%) isolates in CoNS were classified as MDR. S.
sciuri (28.6%) was the most common species amongst the
MDR CoNS.

The presence of at least one toxin-gene was found in
83.3% and 22.4% of the isolates for S. aureus and CoNS
respectively. S. aureus isolates were carried a significantly
higher proportion of toxin genes than CoNS (P<0.01)
(Table 3).

The sei gene was the most prevalent, and it was identified in
21.3% of all Staphylococcus isolates. When the distribution

Staphylococcal toxin gene

sea ses sec seD sez se6 seH sel sel TSSTL v

Toxin genes

Fig 2. The distrubution of staphylococcal toxin genes between isolates
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Table 4. The distrubution of SCCmec type, virulence genes, phenotypical resistance patterns and antimicrobial resistance genes in MRSA (8 strains)

SCCmec SEs Genes Phenotypical Resistance Antimicrobial Resistance Genes

v seb+seh+sei P+M+G+T+E mecA+blaZ+aac(6’)/aph(2”) +ant(4’)-Ia+ermA-+tetK
v seg+sei P+M+A+T+C mecA+blaZ+aac(6’)/aph(2”)+msrA+tetK+tetM
v sea+seg+sei P+M+E+T+C mecA+blaZ+ aac(6’)/aph(2”)+ermB+msrA+tetK
v sea+seg+sei P+M+A mecA+blaZ+aac(6’)/aph(2”)+tetM

11T seg P+M+T+E+C mecA-+blaZ+aph(3’)-IITa+ermB-+tetM

11 ND P+M+G mecA-+blaZ+aac(6’)/aph(2”) +ant(4’)-Ta+tetK

I sect+sei P+M+G+T mecA-+blaZ+aph(3’)-IITa+tetM
NT sec+sej P+M mecA-+blaZ+aph(3’)-IITa+msr

P: penicillin; M: methicillin; G: gentamicin; A: amikacin; T: Tetracycline; E: erythromycin; V: vancomycin; MDR: multi drug resistant; NT: Nontypeable; ND: Not Determined SEs gene

Table 5. The distrubution of SCCmec type, virulence genes, phenotypical resistance patterns and antimicrobial resistance genes in MRCoNS (11 strains)

Species SCCmec SEs Genes Phenotypical Resistance Antimicrobial Resistance Genes
S. chromogenes v seg + sei P+M+G mecA + blaz + aac(6’)/aph(2”)+ermC
S. epidermidis v sei P+M+G+C mecA + blaZ + aac(6’)/aph(2”)+ermC+ tetM
S. haemolyticus v seg +sei P+M+G+C+T mecA-+blaZ+aac(6’)/aph(2”)+ermA+msrA+tetK
S. sciuri v ND P+M+G+E+C mecA-+blaZ+aac(6’)/aph(2”)+ermC+msrA-+tetM
S. sciuri v ND P mecA+blaZ+aac(6’)/aph(2”)
S. warneri v ND P+M+G+E+T+C mecA-+blaZ+aac(6’)/aph(2”)+ermC+msrA-+tetM
S. chromogenes 11 ND P+M+G+T mecA+blaZ+aac(6’)/aph(2”)+ant(4’)-Ta+ermA+tetK
S. haemolyticus 11 sec P+M+G+T mecA+blaZ+aac(6’)/aph(2”)+tetM
S. sciuri 1I ND P+M+E mecA-+blaZ+ermC+tetK
S. saprophyticus NT seb + sej P+M+G+E+T+C mecA+blaZ+aac(6’)/aph(2”)+ermC+msrA+tetM
S. vitilinus NT ND P+M+E+C mecA+blaZ+aac(6’)/aph(2”)+ ermA+ermC

P: penicillin; M: methicillin; G: gentamicin; A: amikacin; T: Tetracycline; E: erythromycin; V: vancomycin; MDR: multi drug resistant; NT: Nontypeable; ND: Not Determined SEs gene

of toxin genes in S. aureus isolates was examined; the
seg gene was the most frequent, which was detected in
33.3%, followed by sei in 29.2%, sec in 25%, sea in 20%,
sej in 16.7%, seb in 12.5%, seh in 8.3% and tsst-1 in 4.6%.
The sed, see, and pvl genes were not detected in any of the
S. aureus isolates (Fig. 2). All MRSA isolates and 75% of
MSSA isolates carried the toxin gene (P<0.05) and only
one MSSA isolate harbored the fsst-1 virulence gene.
Distribution of toxin genes in CoNS strains; the sei gene
was the most frequent, which was detected in 18.4% of the
CoNS isolates, followed by segin 8.2%, sej in 6%, seb in 2%,
sec in 2% and, seh in 2%. The sea, sed, see, tsst-1, and pvl
genes were not detected in any of the CoNS isolates. 45.5%
of MRCoNS isolates and 18.4% of MSCoNS isolates were
carried the SEs toxin gene (P<0.05).

SCCmec type distribution of MRSA isolates in our study;
type IV (50%), type I (12.5%), type II (12.5%) and, type
III (12.5%), SCCmec type of one isolate (12.5%) could
not be determined (NT). SCCmec type distribution of
MRCoNS isolates were determined as type IV (54.5%),

and type II (27.3%), whereas SCCmec type of two isolates
(18.2%) could not be determined (NT). SCCmec type IV
was predominant in both MRSA and MRCoNS isolates.
SCCmec type distribution of MRSA and MRCOoNS strains
are shown in Table 4 and Table 5 respectively.

Di1sCUSSION

Although many studies with raw milk have focused on
mainly S. aureus (especially MRSA), several studies have
begun to highlight the importance of CoNS 2¢!. Therefore,
in our study, we focused on determining both S. aureus
and CoNS strains epidemiologically in raw milk samples.
The contamination of raw milk by S. aureus, particularly
harboring multiple antimicrobial resistance genes and
carrying virulence genes such as enterotoxin, tsst-1, and
pvl, continues to be a significant public health concern 112,
Incidents of outbreaks linked to the consumption of milk
and dairy products contaminated with S. aureus have been
reported in various locations ). When reviewing the
studies conducted to ascertain the presence of S. aureus in
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raw milkin Turkiye, the presence of S. aureusin the analyzed
milk samples were observed to be 61.1% [, 75% [,
which was quite higher than our results. Whereas, Can et
al.'*! detected S. aureus in only 12.5% of the milk samples.
When examining studies conducted in other countries;
It has been reported that S. aureus was isolated from raw
milk at a rate of 71% in Sweden """, 46.2% in China "%,
and 44% " in Egypt. The variation in the frequency of S.
aureus recovered from milk and its products in different
studies may be attributed to differences in sample sizes,
origins, and geographic locations. It could reflect the
effectiveness of applicable sanitary measures.

CoNS have been traditionally considered only as
contaminants or minor pathogens. Nevertheless, their
significance has grown as they have become the most
frequently isolated group of species from bovine milk in
numerous locations ™. In this study, a high diversity
of Staphylococcus spp among the CoNS emerged. Like
our result amongst the CoNS, S. chromogenes was one of
the most prevalent species in previous studies reported
ranging between 23.3% and 78.8% of CoNS isolates 2221,
S. sciuri is frequently isolated from the skin of humans
and animals #?, but in addition to causing bovine mastitis,
reported as an opportunistic pathogen . In Australia,
CoNS was isolated from milk samples, and the dominant
strain was reported to be S. sciuri *. The monitoring
of the methicillin resistance trait holds significance for
public health and veterinary medicine [72>2¢],

The mecA gene conferring methicillin resistance is not
only found in S. aureus but may be present in other
staphylococcal species as well . Limited data are available
regarding the prevalence and molecular characterization
of MRCoNS isolated from food. Some MRCoNS are now
raising growing concerns in both human and veterinary
medicine. A study conducted in Tunisia revealed that
29.4% of CoNS isolated from milk exhibited resistance
to oxacillin, while 20.6% carried the mecA gene .
Methicillin resistance among CoNS was comparable to the
rates reported in Poland (20%) " and China (17.1%) 1.
Khazandi et al.”? indicated that S. sciuri and other
MRCoNS could serve as a reservoir for gene cassettes
containing mecA or mecA homologs in dairy cattle.
Additionally, they may carry additional antimicrobial
resistance genes, creating the potential for bidirectional
transmission between humans and dairy cattle.

SCCmec is a molecular technique utilized to comprehend
the epidemiology and clonal relationships of MRSA
strains, particularly in the global occurrence of
community-acquired MRSA infections .. While SCCmec
types I II, and III were predominant in earlier years,
SCCmec type IV was initially identified in 2002 in two
distinctive MRSA strains and has since become one of the
most frequently isolated SCCmec types P In the largest

epidemiological survey in Tiirkiye, encompassing 397
MRSA strains collected from 12 hospitals across 11 cities
in different geographical regions between 2006 and 2008,
the study identified the presence of a hospital Turkish
clone SCCmec III and a community clone SCCmec IV
extensively disseminated in Tiirkiye %. Consistent with
our findings, other studies conducted in Turkey have
reported the dominance of SCCmec type IV and SCCmec
type III clones 133,

Antibiotic-resistant staphylococci, which occur as a result
of incorrect and unnecessary use of antibiotics in animals,
can be transmitted with milk, thus spreading antibiotic-
resistance genes, which constitutes an important public
health problem 34,

When we examined the studies that conducted
antimicrobial resistance of S. aureus in raw milk in Tiirkiye,
it was seen that antimicrobial resistance is generally higher
than our results 2%, In a study conducted in Switzerland,
it was reported that antibiotic resistance rates were found
to be quite low in S. aureus strains isolated from milk, as
in our study . In addition to antimicrobial resistance,
the pathogenicity of Staphylococcus spp. is closely linked
to their ability to produce staphylococcal enterotoxins
and staphylococcal enterotoxin-like substances ©¢. The
presence of SE genes in Staphylococcus isolates from
various food and milk products plays a significant and
emerging role. These genes have been identified through
screening in numerous surveillance studies, highlighting
their potential as a serious public health hazard 3%, The
presence of SEs genes were detected in 52.9% of MSSA
strains isolated from raw milk in Northern Germany, and
the most frequently occurring genes were seg and sei 1**..
Studies showed that more than one SE gene encoding
different enterotoxins can be found in S. aureus 5.
For a considerable period, S. aureus was regarded as
the sole enterotoxigenic species within the genus, while
CoNS were primarily categorized as contaminants. This
classification persisted due to historical controversy
surrounding the potential enterotoxigenicity of CoNS
isolates 7). Nevertheless, some studies have demonstrated
that CoNS isolates can indeed harbor enterotoxin genes
and, in certain instances, produce toxins at concentrations
clinically significant 1751,

The carriage of tsst-1 virulence genes by mobile genetic
elements is important in terms of transferring them to
people consuming milk and dairy products containing
tsst-1 positive S. aureus "*. Studies have shown that high
tsst-1 gene carrier rates range from 26.2% to 58.5% %4,
As with other virulence genes, the rates of tsst-1 gene in
S. aureus isolates vary according to different geographical
regions.

Although our study was not associated with fermented
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foods,some CoNS speciessuchasS. carnosus, S. condimenti,
S. equorum, S. piscifermentans, S. succinus, and S. xylosus
have been associated with fermented foods and have been
proposed as very rare opportunistic pathogens . These
food-associated CoNS species were also not detected in
our study. The CoNS species detected in our study were
those considered to be pathogenic, similar to those in
other studies !,

In conclusion, the presence of different Staphlococcus
species were found in unpackaged raw milk collected in
Istanbul. It has been understood that attention should
be paid to MRCoNS as well as MRSA. Most MRSA and
MRCoNS bacteria harbored SCCmec type IV which
may have assumed their possible community-acquired
origins. S. chromogenes was the most prevalent species
among CoNS. CoNS isolates also carried various virulence
genes. S. aureus and CoNS isolated from raw milk should
be considered a public health problem with both the
transmission of resistant pathogens and the horizontal
transmission of the carrying genes. In addition to routine
control of bacteria in raw milk, these raw milk should be
boiled before consumption.

DECLARATIONS

Availability of Data and Materials: The authors declare that data
supporting the study findings are also available to the corresponding
author (S. Ekici).

Financial Support: There is no funding source
Ethical Statement: This study does not require ethical permission.

Conlflict of Interest: The authors declared that there is no conflict
of interest

Declaration of Generative Artificial Intelligence (AI): The
authors declare that the article and/or tables and figures were not
written/created by Al and Al-assisted technologies.

Author Contributions: MMT, MD, SD, iK, AO, DP, DSE, BG,
SA, OCA, SE and DD conceived and executed the idea, designed
experiments, analyzed results and a deep revision of the manuscript.
MMT, MD, SD, iK, AO, DP, DSE, BG, SA, OCA collected samples,
performed experiments, contributed to tand implementation of
the research. All authors listed have made a substantial, direct and
intellectual contribution to the work and approved it for publication.

REFERENCES

1. Kansaen R, Boueroy P, Hatrongjit R, Kamjumphol W, Kerdsin A,
Chopjitt P: The occurrence and characteristics of methicillin-resistant
Staphylococcal isolates from foods and containers. Antibiotics, 12 (8):1287,
2023. DOLI: 10.3390/antibiotics 12081287

2. Klibi A, Maaroufi A, Torres C, Jouini A: Detection and characterization
of methicillin-resistant and susceptible coagulase-negative staphylococci in
milk from cows with clinical mastitis in Tunisia. Int ] Antimicrob Agents, 52,
930-935, 2018. DOI: 10.1016/j.ijantimicag.2018.07.026

3. Lakhundi S, Zhang K: Methicillin-resistant Staphylococcus aureus:
Molecular characterization, evolution, and epidemiology. Clin Microbiol
Rev, 31:¢00020-18, 2018. DOI: 10.1128/CMR.00020-18

4. Liu J, Huang T, Soteyome T, Miao J, Yu G, Chen D, Xu Z: Antimicrobial

resistance, SCC mec, virulence and genotypes of MRSA in southern China
for 7 years: Filling the gap of molecular epidemiology. Antibiotics, 12 (2):368,
2023. DOI: 10.3390/antibiotics12020368

5. Zhang Z, Chen Y, Li X, Wang X, Li H: Detection of antibiotic resistance,
virulence gene, and drug resistance gene of Staphylococcus aureus isolates
from bovine mastitis. Microbiol Spect, 10 (4):e0047122, 2022. DOI: 10.1128/
spectrum.00471-22

6. Preziuso S, Attili AR, Cuteri V: Methicillin-resistant staphylococci in
clinical bovine mastitis: Occurrence, molecular analysis, and biofilm
production. Vet Res Commun, 48 (2): 969-977, 2024. DOI: 10.1007/s11259-
023-10268-x

7. Demirci M, Celepler Y, Dincer $, Yildirim I, Cigrikci HN, Kalyenci N,
Mamal Torun M: Should we leave the paper currency? A microbiological
examination. Rev Esp Quimioter, 33, 94-102, 2020. DOIL: 10.37201/
req/085.2019

8. Kondo Y, Ito T, Ma XX, Watanabe S, Kreiswirth BN, Etienne J,
Hiramatsu K: Combination of multiplex PCRs for staphylococcal cassette
chromosome mec type assignment: Rapid identification system for mec, ccr,
and major differences in junkyard regions. Antimicrob Agents Chemother,
51, 264-274,2007. DOI: 10.1128/aac.00165-06

9. Demir C, Demirci M, Yigin A, Tokman HB, Cetic Yildiz S: Presence of
biofilm and adhesin genes in Staphylococcus aureus strains taken from
chronic wound infections and their genotypic and phenotypic antimicrobial
sensitivity patterns. Photodiagnosis Photodyn Ther, 29:101584, 2020. DOI:
10.1016/j.pdpdt.2019.101584

10. Chieffi D, Fanelli F, Cho GS, Schubert J, Blaiotta G, Franz CM, Fusco
V: Novel insights into the enterotoxigenic potential and genomic background
of Staphylococcus aureus isolated from raw milk. Food Microbiol, 90:103482,
2020. DOI: 10.1016/j.fm.2020.103482

11. Margalho LP, Grag¢a JS, Kamimura BA, Lee SH, Canales HD, Chincha
Al, SantAna AS: Enterotoxigenic Staphylococcus aureus in Brazilian
artisanal cheeses: Occurrence, counts, phenotypic and genotypic profiles.
Food Microbiology, 121:104531, 2024. DOI: 10.1016/j.fm.2024.104531

12. Gebremedhin EZ, Ararso AB, Borana BM, Kelbesa KA, Tadese ND,
Marami LM, Sarba EJ: Isolation and identification of Staphylococcus aureus
from milk and milk products, associated factors for contamination, and
their antibiogram in Holeta, Central Ethiopia. Vet Med Int, 2022:6544705,
2022. DOI: 10.1155/2022/6544705

13. Wang W, Lin X, Jiang T, Peng Z, Xu J, Yi L, Baloch Z: Prevalence and
characterization of Staphylococcus aureus cultured from raw milk taken
from dairy cows with mastitis in Beijing, China. Front Microbiol, 9:123,
2018. DOI: 10.3389/fmicb.2018.01123

14. Giindogan N, Citak S, Turan E: Slime production, DNase activity and
antibiotic resistance of Staphylococcus aureus isolated from raw milk,
pasteurised milk and ice cream samples. Food Control, 17, 389-392, 2006.
DOI: 10.1016/j.foodcont.2005.01.006

15. Giiciikoglu A, Kevenk TO, Uyanik T, Cadirci O, Terzi G, Alisarli M:
Detection of enterotoxigenic Staphylococcus aureus in raw milk and
dairy products by multiplex PCR. J Food Sci, 77:M620-3, 2012. DOI:
10.1111/j.1750-3841.2012.02954.x

16. Can HY, Elmali M, Karagoz A: Molecular typing and antimicrobial
susceptibility of Staphylococcus aureus strains isolated from raw milk,
cheese, minced meat, and chicken meat samples. Korean ] Food Sci Anim
Resour, 37, 175-180, 2017. DOI: 10.5851/kosfa.2017.37.2.175

17. Artursson K, Schelin ], Thisted Lambertz S, Hansson I, Engvall EO:
Foodborne pathogens in unpasteurized milk in Sweden. Int ] Food Microbiol,
284, 120-127, 2018. DOI: 10.1016/j.ijfoodmicro.2018.05.015

18. van Wamel WJ, Rooijakkers SH, Ruyken M, van Kessel KP, van Strijp
JA: The innate immune modulators staphylococcal complement inhibitor
and chemotaxis inhibitory protein of Staphylococcus aureus are located on
beta-hemolysin-converting bacteriophages. ] Bacteriol, 188, 1310-1315,
2006. DOI: 10.1128/jb.188.4.1310-1315.2006

19. Abdeen EE, Mousa WS, Abdel Salam SY, Al-Maary KS, Mubarak AS,
Moussa IM, Elbehiry A: Antibiogram and phylogenetic diversity of
enterotoxigenic Staphylococcus aureus strains from milk products and public
health implications, Saudi ] Biol Sci, 27, 1968-1974, 2020. DOI: 10.1016/j.


https://www.mdpi.com/2079-6382/12/8/1287
https://www.mdpi.com/2079-6382/12/8/1287
https://www.mdpi.com/2079-6382/12/8/1287
https://www.mdpi.com/2079-6382/12/8/1287
https://www.sciencedirect.com/science/article/pii/S0924857918302255?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924857918302255?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924857918302255?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924857918302255?via%3Dihub
https://journals.asm.org/doi/10.1128/cmr.00020-18
https://journals.asm.org/doi/10.1128/cmr.00020-18
https://journals.asm.org/doi/10.1128/cmr.00020-18
https://www.mdpi.com/2079-6382/12/2/368
https://www.mdpi.com/2079-6382/12/2/368
https://www.mdpi.com/2079-6382/12/2/368
https://www.mdpi.com/2079-6382/12/2/368
https://journals.asm.org/doi/10.1128/spectrum.00471-22
https://journals.asm.org/doi/10.1128/spectrum.00471-22
https://journals.asm.org/doi/10.1128/spectrum.00471-22
https://journals.asm.org/doi/10.1128/spectrum.00471-22
https://link.springer.com/article/10.1007/s11259-023-10268-x
https://link.springer.com/article/10.1007/s11259-023-10268-x
https://link.springer.com/article/10.1007/s11259-023-10268-x
https://link.springer.com/article/10.1007/s11259-023-10268-x
https://seq.es/abstract/rev-esp-quimioter-2020-february-17-2/
https://seq.es/abstract/rev-esp-quimioter-2020-february-17-2/
https://seq.es/abstract/rev-esp-quimioter-2020-february-17-2/
https://seq.es/abstract/rev-esp-quimioter-2020-february-17-2/
https://journals.asm.org/doi/10.1128/aac.00165-06
https://journals.asm.org/doi/10.1128/aac.00165-06
https://journals.asm.org/doi/10.1128/aac.00165-06
https://journals.asm.org/doi/10.1128/aac.00165-06
https://journals.asm.org/doi/10.1128/aac.00165-06
https://www.sciencedirect.com/science/article/pii/S1572100019305198?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1572100019305198?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1572100019305198?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1572100019305198?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1572100019305198?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S074000202030071X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S074000202030071X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S074000202030071X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S074000202030071X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002024000698?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002024000698?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002024000698?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002024000698?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1155/2022/6544705
https://onlinelibrary.wiley.com/doi/10.1155/2022/6544705
https://onlinelibrary.wiley.com/doi/10.1155/2022/6544705
https://onlinelibrary.wiley.com/doi/10.1155/2022/6544705
https://onlinelibrary.wiley.com/doi/10.1155/2022/6544705
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01123/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01123/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01123/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.01123/full
https://www.sciencedirect.com/science/article/pii/S0956713505000356?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0956713505000356?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0956713505000356?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0956713505000356?via%3Dihub
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2012.02954.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2012.02954.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2012.02954.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2012.02954.x
https://koreascience.or.kr/article/JAKO201716556449612.page
https://koreascience.or.kr/article/JAKO201716556449612.page
https://koreascience.or.kr/article/JAKO201716556449612.page
https://koreascience.or.kr/article/JAKO201716556449612.page
https://www.sciencedirect.com/science/article/pii/S0168160518302745?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168160518302745?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168160518302745?via%3Dihub
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://journals.asm.org/doi/10.1128/jb.188.4.1310-1315.2006
https://www.sciencedirect.com/science/article/pii/S1319562X20302679?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319562X20302679?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319562X20302679?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319562X20302679?via%3Dihub

188
CoNS and S. aureus from Raw Milk

Kafkas Univ Vet Fak Derg

5jbs.2020.06.028

20. Cameron M, Barkema HW, De Buck J, De Vliegher S, Chaffer M,
Lewis J, Keefe GP: Identification of bovine-associated coagulase-negative
staphylococci by matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry using a direct transfer protocol. J Dairy Sci, 100, 2137-
2147,2017. DOI: 10.3168/jds.2016-12020

21. Fry PR, Middleton JR, Dufour S, Perry J, Scholl D, Dohoo I:
Association of coagulase-negative staphylococcal species, mammary quarter
milk somatic cell count, and persistence of intramammary infection in dairy
cattle. J Dairy Sci, 97, 4876-4885, 2014. DOI: 10.3168/jds.2013-7657

22. Nemeghaire S, Vanderhaeghen W, Argudin MA, Haesebrouck F,
Butaye P: Characterization of methicillin-resistant Staphylococcus sciuri
isolates from industrially raised pigs, cattle and broiler chickens. ] Antimicrob
Chemother, 69, 2928-2934, 2014. DOI: 10.1093/jac/dku268

23. Taponen S, Nykisenoja S, Pohjanvirta TS, Pohjanvirta T, Pitkila A,
Pyo6rild S: Species distribution and in vitro antimicrobial susceptibility of
coagulase-negative staphylococci isolated from bovine mastitic milk. Acta
Vet Scand, 58:12, 2015. DOI: 10.1186/s13028-016-0193-8

24. Khazandi M, Al-Farha AA, Coombs GW, O’Dea M, Pang S, Trott DJ,
Petrovski KR: Genomic characterization of coagulase-negative staphylococci
including methicillin-resistant Staphylococcus sciuri causing bovine mastitis.
Vet Microbiol, 219, 17-22, 2018. DOI: 10.1016/j.vetmic.2018.04.004

25. Basanisi MG, La Bella G, Nobili G, Franconieri I, La Salandra G:
Genotyping of methicillin-resistant Staphylococcus aureus (MRSA) isolated
from milk and dairy products in South Italy. Food Microbiology, 62, 141-146,
2017. DOI: 10.1016/j.fm.2016.10.020

26. Rahi A, Kazemeini H, Jafariaskari S, Seif A, Hosseini, Safarpoor
Dehkordi F: Genotypic and phenotypic-based assessment of antibiotic
resistance and profile of staphylococcal cassette chromosome mec in the
methicillin-resistant Staphylococcus aureus recovered from raw milk. Infect
Drug Resist, 13, 273-283, 2020. DOI: 10.2147/IDR.S229499

27. Bochniarz M, Wawron W, Szczubial M: Resistance to methicillin of
coagulase-negative staphylococci (CNS) isolated from bovine mastitis. Pol
J Vet Sci, 16, 687-692, 2013. DOI: 10.2478/pjvs-2013-0097

28. Xu J, Tan X, Zhang X, Xia X, Sun H: The diversities of staphylococcal
species, virulence and antibiotic resistance genes in the subclinical mastitis
milk from a single Chinese cow herd. Microbial Pathog, 88, 29-38, 2015.
DOI: 10.1016/j.micpath.2015.08.004

29. Abdullahi IN, Lozano C, Gonzalez-Azcona C, Zarazaga M, Torres C:
Genetic diversification and resistome of coagulase-negative staphylococci
from nostrils of healthy dogs and dog-owners in La Rioja, Spain. Pathogens,
13 (3):229, 2024. DOI: 10.3390/pathogens13030229

30. Bozdogan B, Yildiz O, Oryasin E, Kirdar S, Giilcii B, Aktepe O, Arslan
U, Bayramoglu G, Coban AY, Coskuner SA, Giidiiciioglu H, Karabiber N,
Oncii S, Tatman Otkun M, Ozkiitiik N, Ozyurt M, Sener AG: t030 is the
most common spa type among methicillin-resistant Staphylococcus aureus

strains isolated from Turkish hospitals. Mikrobiyol Bul, 47, 571-581, 2013.
DOI: 10.5578/mb.5770

31. Alp E, Klaassen CHW, Doganay M, Altoparlak U, Aydin K, Engin A,
Kuzucu C, Ozakin C, Ozinel AM, Turhan O, Voss A: MRSA genotypes in
Turkey: Persistence over 10 years of a single clone of ST239. J Infect, 58 (6):
433-438, 2009. DOI: 10.1016/j.jinf.2009.04.006

32. Cakici N, Ak¢ali A, Demirel Zorba NN: Antibiotic resistance pattern
and spa types of Staphylococcus aureus strains isolated from food business
and hospital kitchen employees in Canakkale, Turkey. Turk J Med Sci, 49,
675-682, 2019. DOI: 10.3906/sag-1712-207

33. Acuner IC, Strommenger B, Bek Y, Witte W: Infectivity-resistotype-
genotype clustering of methicillin-resistant Staphylococcus aureus strains in
the Central Blacksea Region of Turkey. Mikrobiyol Bul, 48, 14-27, 2014.

34. Ghassan ISSA, Aydin A: Detection of methicillin resistant Staphylococcus
aureus strains and typing of staphylococcal cassette chromosome mec from
various foods originated different region from Turkey. Kafkas Univ Vet Fak
Derg, 27 (3): 323-329, 2021. DOI: 10.9775/kv{d.2021.25370

35. Képpeli N, Morach M, Corti S, Eicher C, Stephan R, Johler S:
Staphylococcus aureus related to bovine mastitis in Switzerland: Clonal
diversity, virulence gene profiles, and antimicrobial resistance of isolates
collected throughout 2017. J Dairy Sci, 102, 3274-3281, 2019. DOI: 10.3168/
jds.2018-15317

36. Pinchuk IV, Beswick EJ, Reyes VE: Staphylococcal enterotoxins. Toxins
(Basel), 2,2177-2197, 2010. DOI: 10.3390/toxins2082177

37. Miyahira RF, Santos EA, Leao RS, de Freitas-Almeida AC, Queiroz
ML: Antimicrobial susceptibility and enterotoxin-encoding genes in
Staphylococcus spp. recovered from kitchen equipment from a university
hospital in Rio de Janeiro, Brazil. Microb Drug Resist, 24, 995-1001, 2018.
DOI: 10.1089/mdr.2016.0309

38. Sheet OH, Grabowski NT, Klein G, Reich F, Abdulmawjood A:
Characterisation of mecA gene negative Staphylococcus aureus isolated from
bovine mastitis milk from Northern Germany. Folia Microbiol (Praha), 64,
845-855, 2019. DOI: 10.1007/s12223-019-00698-z

39. Qian W, Shen L, Li X, Wang T, Liu M, Wang W, Fu Y, Zeng Q:
Epidemiological characteristics of Staphylococcus aureus in raw goat milk
in Shaanxi Province, China. Antibiotics (Basel), 8:141, 2019. DOI: 10.3390/
antibiotics8030141

40. Ren Q, Liao G, Wu Z, Lv J, Chen W: Prevalence and characterization of
Staphylococcus aureus isolates from subclinical bovine mastitis in southern
Xinjiang, China. J Dairy Sci, 103, 3368-3380, 2020. DOI: 10.3168/jds.2019-
17420

41. Heo S, Lee JH, Jeong DW: Food-derived coagulase-negative
Staphylococcus as starter cultures for fermented foods. Food Sci Biotechnol,
29 (8): 1023-1035, 2020. DOI: 10.1007/s10068-020-00789-5 (Erratum in,
Food Sci Biotechnol, 32 (11):1611, 2020. DOI: 10.1007/s10068-020-00806-7)


https://www.sciencedirect.com/science/article/pii/S1319562X20302679?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030216309237?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030216309237?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030216309237?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030216309237?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030216309237?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214004196?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214004196?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214004196?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030214004196?via%3Dihub
https://academic.oup.com/jac/article/69/11/2928/2911253?login=true
https://academic.oup.com/jac/article/69/11/2928/2911253?login=true
https://academic.oup.com/jac/article/69/11/2928/2911253?login=true
https://academic.oup.com/jac/article/69/11/2928/2911253?login=true
https://actavetscand.biomedcentral.com/articles/10.1186/s13028-016-0193-8
https://actavetscand.biomedcentral.com/articles/10.1186/s13028-016-0193-8
https://actavetscand.biomedcentral.com/articles/10.1186/s13028-016-0193-8
https://actavetscand.biomedcentral.com/articles/10.1186/s13028-016-0193-8
https://www.sciencedirect.com/science/article/pii/S0378113518301020?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113518301020?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113518301020?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113518301020?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002016301034?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002016301034?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002016301034?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0740002016301034?via%3Dihub
https://www.dovepress.com/genotypic-and-phenotypic-based-assessment-of-antibiotic-resistance-and-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/genotypic-and-phenotypic-based-assessment-of-antibiotic-resistance-and-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/genotypic-and-phenotypic-based-assessment-of-antibiotic-resistance-and-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/genotypic-and-phenotypic-based-assessment-of-antibiotic-resistance-and-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/genotypic-and-phenotypic-based-assessment-of-antibiotic-resistance-and-peer-reviewed-fulltext-article-IDR
https://journals.pan.pl/dlibra/publication/114152/edition/99206/content
https://journals.pan.pl/dlibra/publication/114152/edition/99206/content
https://journals.pan.pl/dlibra/publication/114152/edition/99206/content
https://www.sciencedirect.com/science/article/pii/S0882401015001291?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0882401015001291?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0882401015001291?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0882401015001291?via%3Dihub
https://www.mdpi.com/2076-0817/13/3/229
https://www.mdpi.com/2076-0817/13/3/229
https://www.mdpi.com/2076-0817/13/3/229
https://www.mdpi.com/2076-0817/13/3/229
https://www.mikrobiyolbul.org/linkout.aspx?pmid=24237426
https://www.mikrobiyolbul.org/linkout.aspx?pmid=24237426
https://www.mikrobiyolbul.org/linkout.aspx?pmid=24237426
https://www.mikrobiyolbul.org/linkout.aspx?pmid=24237426
https://www.mikrobiyolbul.org/linkout.aspx?pmid=24237426
https://www.mikrobiyolbul.org/linkout.aspx?pmid=24237426
https://www.sciencedirect.com/science/article/pii/S0163445309001285?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0163445309001285?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0163445309001285?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0163445309001285?via%3Dihub
https://journals.tubitak.gov.tr/medical/vol49/iss2/32/
https://journals.tubitak.gov.tr/medical/vol49/iss2/32/
https://journals.tubitak.gov.tr/medical/vol49/iss2/32/
https://journals.tubitak.gov.tr/medical/vol49/iss2/32/
https://www.researchgate.net/publication/260128765_Infectivity-Resistotype-Genotype_Clustering_of_Methicillin-Resistant_Staphylococcus_aureus_Strains_in_the_Central_Blacksea_Region_of_Turkey
https://www.researchgate.net/publication/260128765_Infectivity-Resistotype-Genotype_Clustering_of_Methicillin-Resistant_Staphylococcus_aureus_Strains_in_the_Central_Blacksea_Region_of_Turkey
https://www.researchgate.net/publication/260128765_Infectivity-Resistotype-Genotype_Clustering_of_Methicillin-Resistant_Staphylococcus_aureus_Strains_in_the_Central_Blacksea_Region_of_Turkey
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2796.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2796.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2796.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2796.pdf
https://www.sciencedirect.com/science/article/pii/S0022030219301614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219301614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219301614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219301614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219301614?via%3Dihub
https://www.mdpi.com/2072-6651/2/8/2177
https://www.mdpi.com/2072-6651/2/8/2177
https://www.liebertpub.com/doi/10.1089/mdr.2016.0309
https://www.liebertpub.com/doi/10.1089/mdr.2016.0309
https://www.liebertpub.com/doi/10.1089/mdr.2016.0309
https://www.liebertpub.com/doi/10.1089/mdr.2016.0309
https://www.liebertpub.com/doi/10.1089/mdr.2016.0309
https://link.springer.com/article/10.1007/s12223-019-00698-z
https://link.springer.com/article/10.1007/s12223-019-00698-z
https://link.springer.com/article/10.1007/s12223-019-00698-z
https://link.springer.com/article/10.1007/s12223-019-00698-z
https://www.mdpi.com/2079-6382/8/3/141
https://www.mdpi.com/2079-6382/8/3/141
https://www.mdpi.com/2079-6382/8/3/141
https://www.mdpi.com/2079-6382/8/3/141
https://www.sciencedirect.com/science/article/pii/S0022030220300709?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030220300709?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030220300709?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030220300709?via%3Dihub
https://link.springer.com/article/10.1007/s10068-020-00789-5
https://link.springer.com/article/10.1007/s10068-020-00789-5
https://link.springer.com/article/10.1007/s10068-020-00789-5
https://link.springer.com/article/10.1007/s10068-020-00789-5

