
SUMMARY 
Methicillin-resistant S. aureus (MRSA) is an important pathogen that may cause serious infections in the humans and animals.
The pathogenity of Staphylococcus aureus emerges associated with the factors such as antibiotic resistance, immune evasion, in-
vasion capability and virulence. By the impairment of the immune system, S. aureus-borne skin and soft tissue infections as well
as serious infections such as pneumonia, septicemia and osteomyelitis may develop in the human bodies. S. aureus is one of the
most common causes of the intramammary infections (IMI) in the dairy ruminants. The present study aimed to identify the
presence of S. aureus, mecA and vanA genes in humans and animals (sheep) in the rural corporations on commercial dairy she-
ep farms in Eastern Turkey. It was also targeted to evaluate nuc gene positivity of Stapyhylococcus aureus strains isolated from
humans and animals. Totally 78 (12.7%) S. aureus strains were isolated and identified from 612 materials taken from the sheep
caretakers (nasal swab: 204) and the sheep (204 specimens for nasal swab and 204 specimens for milk each from sheep). S. au-
reus was distributed in 27 (13.2%; 204), 16 (7.8%; 204) and 35 (17.2%; 204) of the nasal swab specimens taken from the sheep
caretakers, the sheep and sheep’s milk specimens, respectively. Antibiotic susceptibility testing of 78 S. aureus isolates performed
by Vitek2 device revealed that the highest antibiotic resistance was against benzylpenicillin. Gene analysis for 12 MRSA strains
isolated in the specimens of the sheep caretakers and sheep was performed by single-Polymerase Chain Reactions (sPCR) for
detection of mecA and vanA genes. Twelve MRSA isolates were found positive for mecA gene carriage. On the other hand, 78 S.
aureus isolates were not found to carry vanA gene. All of the 12 MRSA and 66 Methicilline-susceptible S. aureus (MSSA) isola-
tes were found positive for nuc gene carriage. It was concluded that MRSA strains isolated from the sheep caretakers and sheep
had impact on the public health and created at risk for food chain.

KEY WORDS 
mecA, vanA, nuc, human, sheep.

ÖMER AKGÜL*1, GÜLHAN BORA1, HÜSEYIN GÜDÜCÜOĞLU2

1Department of Pharmaceutical Microbiology, Faculty of Pharmacy, Van Yüzüncü Yıl University, VAN, Turkey
2Department of Medical Microbiology, Faculty of Medicine, Van Yüzüncü Yıl University, VAN, Turkey

INTRODUCTION 

Staphylococcus aureus is an important pathogen that plays an
important role in the infections that develop in the humans and
animals1. The pathogenity of S. aureus emerges associated with
the factors such as antibiotic resistance, immune evasion, in-
vasion capability and virulence2. S. aureus have been reported
to be colonized in the skin or nasopharyngeal regions of the
healthy subjects at a rate of approximately 25-30%3. By the im-
pairment of the immune system, S. aureus-borne skin and soft
tissue infections as well as serious infections such as pneumonia,
septicemia and osteomyelitis may develop in the human bo-
dies4. S. aureus is one of the most common causes of the in-
tramammary infections (IMI) in the dairy ruminants. The ra-
tes of clinical and subclinical mastitis infection in the sheep were
identified as 5-11% and 0.22-2.06% in the sheep, respectively5,

6. Although, mammary is considered as an essential source of
contamination with S. aureus for milk and dairy farm envi-

ronment, other body regions (nasal cavity) may also play an
important role7. 
Methicilline-resistant Staphylococcus aureus is defined as an im-
portant infectious agent for the hospital-acquired infections
(Hospital-acquired MRSA; HA-MRSA) and an important pat-
hogen in the community (Community-acquired MRSA; CA-
MRSA)8. Different CA-MRSA clones (Livestock-associated
MRSA; LA-MRSA) that created serious concerns in the humans
exposed in the dairy environments have been identified in the
different countries of the world9. It has been shown that LA-
MRSA particularly infects dairy employers10 and veterinary
physicians11 due to close contact. Several studies have repor-
ted the presence of MRSA in the regions of the Mediterrane-
an countries (Greece, Spain and Italy) that sheep and goat milk
as well as commercial dairy products are commonly used12, 13.
The assessment of the risk size created by mecA and vanA gene
carriage of S. aureus strains on public health is also conside-
red to be important. It is particularly targeted to provide con-
tribution to the scientific world on the fact that which treat-
ment options should be developed in either human and vete-
rinary medicine against particularly livestock-associated S. au-
reus strains by revealing their antibiotic resistance profiles14. The
resistance profiles of S. aureus species against antibiotics
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create great concerns. Beta-lactams, macrolides and tetracyc-
lines are commonly used in the treatment of S. aureus-asso-
ciated infections15. However, the frequency of the multidrug re-
sistant MRSA strains that show aminoglycoside and macroli-
de-lincosamide-streptogramin resistance reached very high ra-
tes16. The identification of medically important MRSA plays an
important role in struggling with these resistance phenome-
na. MRSA emerges due to synthesis of PBP2a, PBP2LGA or PBP2
as the specific molecules determined by mecA gene15, 17, 18. Van-
comycin is one of the primarily preferred antibiotics in the tre-
atment of the MRSA infections3. However, the presence of Van-
comycin Intermediate and Vancomycin Resistant S. aureus
(VISA ve VRSA) clinical isolates posed serious public health
concerns in the recent twenty years3, 19.
Thermostable deoxyribonuclease (DNase) is a specific ther-
mostable DNAse that breaks down DNA encoded by nuc gene.
The nuc gene is a specific target of the PCR-based methods for
the identification of S. aureus20. The nuc gene is one of the most
commonly used indicators for differentiation of S. aureus from
other Staphylococcus species and determination of its preva-
lence21. However, several PCR studies have reported that false
MRSA-associated identification results due to the presence of
S. aureus specific nuc gene were also obtained22.
The present study aimed to identify presence and rate of S. au-
reus carriage detected in dairy sheep farms (nasal swab and milk
specimens) and sheep caretakers (nasal swab specimens) in the
Eastern Anatolia Region (Van Province) of Turkey. In this re-
gion, it is aimed to reveal the antibiotic resistance profile seen
in S. aureus isolates isolated from humans and animals. Espe-
cially, it was aimed to reveal the prevalence of methicillin and
vancomycin resistance S. aureus in sheep caretakers and dairy
sheep farms. In addition, it was aimed to evaluate the risk po-
sed by people associated with dairy sheep farms on public he-
alth.

MATERIALS AND METHODS

Isolation, Identification and
Antibiogram Test for S. aureus

Totally 612 specimens were collected from the 204 different she-
ep caretaker and family members working in the care of she-
eps (nasal swab specimens), both nasal swabs (n= 204) and milk
specimens (n= 204) from the same of sheeps with mastitis out
of 17 rural corporations (an average of 100 to 500 head she-
eps) on commercial dairy sheep farms in Eastern Turkey. Ac-
cording to the anamnesis, sheep herds with previously expe-
rienced mastitis problems were included in the study. The milk
specimens of the sheep were obtained by identification of cli-

nical mastitis (38; 18.6%) and subclinical mastitis (166;
81.4%). In the flocks detected with clinical mastitis the milk
specimens from the sheep with healthy appearance and posi-
tive CMT test result were evaluated. The isolation, identifica-
tion and antibiotic susceptibility tests were performed in the
Bacteriology Laboratory of The Department of Pharmaceu-
tical Microbiology, Faculty of Pharmacy, Van Yüzüncü Yıl Uni-
versity and the Bacteriology Laboratory of The Department of
Medical Microbiology, Van Yüzüncü Yıl University Dursun Oda-
bas Medical Center.
Swabs were used in obtaining nasal specimens from humans
and sheep. Nasal swab specimens were directly taken into 5 ml
Mueller-Hinton Broth. The milk specimens were also taken from
the sheep simultaneously with obtaining nasal swab specimens.
Nasal swab specimens were incubated at 37 °C for 18-24 ho-
urs in the incubator. The incubated swab and milk specimens
were directly inoculated onto Baird Parker agar (including Egg
Yolk Tellurite supplement) and incubated at 37 °C for 48 ho-
urs. The black colonies with a surrounding 2-5 mm clear fi-
eld were assessed as suspected S. aureus. The catalase (H2O2)
and Gram positive strains with coccus morphology that indi-
cated β-hemolysis on blood agar were stored at -20 °C in the
10% Nutrient Broth for species identification and subsequently
molecular characterization.
Species identification and antibiotic susceptibility tests were per-
formed in the Bacteriology Laboratory of The Department of
Medical Microbiology, Van Yüzüncü Yıl University. Initially, the
strains stored at -20 °C in the 10% Nutrient Broth were ino-
culated onto 7% human blood TSA II and incubated at 37 °C
for 24-48 hours. The pure colonies that grew in the 7% human
blood TSA were used to prepare 0.5 McFarland bacterial sus-
pension. Its identification and antibiogram test were perfor-
med in the Gram positive panels using The BD Phoenix au-
tomated microbiology system (Becton Dickinson, USA). S. au-
reus isolates were stored at -20 °C in the 10% Nutrient Broth
for molecular characterization. 

Molecular Characterization Results of
S. aureus Isolates
The molecular characterization procedure of the isolated
and identified S. aureus species by sPCR was carried out in Mo-
lecular Biology Laboratory of the Department of Pharmaceutical
Microbiology, Faculty of Pharmacy. For this purpose, nuc gene
(279bp), mecA gene (310bp) and vanA gene (1032bp) carria-
ge rates of S. aureus isolates were analyzed. The reference pri-
mers of the DNA amplicons analyzed in this study were pre-
sented in Table 1. DNA extraction was carried out in accordance
with the procedure described in the G-spinTM Total DNA Ext-
raction Mini Kit (Intronbio, KOREA).
The identification of S. aureus nuc gene was performed ac-

nuc Forward GCGATT GAT GGT GAT ACG GTT 279 [20]

Reverse AGC CAA GCC TTG ACG AAC TAA AGC

mecA Forward CCA ATT CCACAT TGT TTC GGT CAT A 310 [20]

Reverse GTA GAA ATG ACT GAA CGT CCG ATA A

vanA Forward ATG AAT AGA ATA AAA GTT GC 1032 [22]

Reverse TCA CCC CTT TAA CGC TAA TA

Table 1 - Reference primers used in the study.

Target Primer Sequence (5’-3’) Product size (bp) Reference
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cording to the method reported by Sahebnasagh et al.21. PCR
amplification mixture contained 5µl template DNA, 2 µl
PCR Buffer (10X), 1 µl MgCl2 (50 mM), 4 µl dNTPs (1 mM),
1 µl nuc1 and nuc2 primers (10 Pmol), 0.5 µl Taq DNA poly-
merase (5 U/µl) and 10.5 µl double distilled water to obtain a
25 µl final solution. PCR temperature cycling conditions
were performed for totally 30 cycles at 94 °C for 5 min at ini-
tial denaturation stage, following 94 °C for 1 min, 50 °C for 1
min, 72 °C for 2 min and 72 °C for 10 min at the final stage.
Then, 5 µl PCR products were run on the 1.7% agarose gel elect-
rophoresis including ethidium bromide (0.5 µg/ml) in the 1X
TBE (Tris-HCL, Boric acid, EDTA) buffer at 80 V for 120 min.
The bands were analyzed by Gel Logic 2200 Imaging System
as the gel imaging system. S. aureus ATCC 29213 and PCR wa-
ter were used as positive and negative controls, respectly. 
The identification of S. aureus mecA gene was performed ac-
cording to the method reported by Sahebnasagh et al.21. PCR
amplification mixture contained 5 µl template DNA, 2µl
PCR Buffer (10X), 1 µl MgCl2 (50 mM), 4 µl dNTPs (1 mM),
2 µl mecA1 and mecA2 primers (10 Pmol), 1µl Taq DNA poly-
merase (5 U/µl) and 8 µl double distilled water to obtain a 25
µl final solution. PCR temperature cycling conditions were per-
formed for totally 30 cycles at 94 °C for 5 min at initial dena-
turation stage, following 94 °C for 30 sec, 55 °C for 1 min, 72
°C for 30 sec and 72 °C for 5 min at the final stage. Then, 5 µl
PCR products were run on the 2% agarose gel electrophore-
sis including ethidium bromide (0.5 µg/ml) in the 1X TBE (Tris-
HCL, Boric acid, EDTA) buffer at 80 V for 120 min. The bands
were analyzed by Gel Logic 2200 Imaging System as the gel ima-
ging system. S. aureus ATCC 25923 and PCR water were used
as positive and negative controls, respectly. 
The identification of S. aureus vanA gene was performed ac-
cording to the method reported by Saadat et al.23. PCR am-
plification mixture contained 2 µl template DNA, 2µl PCR Buf-
fer (10X), 1 µl MgCl2 (50 mM), 4 µl dNTPs (1 mM), 4 µl For-
ward and Reverse primers (10 Pmol), 0.25 µl Taq DNA poly-
merase (5 U/µl) and 2.75 µl double distilled water to obtain a
20 µl final solution. PCR temperature cycling conditions
were performed for totally 30 cycles at 98 °C for 2 min at ini-
tial denaturation stage, following 98 °C for 10 sec, 50 °C for 1
min, 72 °C for 90 sec and 72 °C for 10 min at the final stage.
Then, 5 µl PCR products were run on the 1.5% agarose gel elect-
rophoresis including ethidium bromide (0.5 µg/ml) in the 1X
TBE (Tris-HCL, Boric acid, EDTA) buffer at 100 V for 100 min.
The bands were analyzed by Gel Logic 2200 Imaging System
as the gel imaging system. Vancomycin-resistant Enterococcus
ATCC 51299 and PCR water were used as positive and nega-
tive controls, respectly. 

Statistical Analysis
Descriptive statistics for the studied variables (characteristics)

were presented as count and percent. Proportions were com-
pared with Z test or Fisher’s Exact test for two proportions. Sta-
tistical significance levels was considered as 5% and MINITAB
for windows (ver: 14) statistical program was used for all sta-
tistical computations.

Ethics Committee Approval
The human part of the study was carried out due to Appro-
val of Clinical Researches Ethics Committee of Van Yüzüncü
Yıl University Medical Faculty, Dated on 16th February 2018
and Decision Number: 2018/19. Animal part of the study was
performed due to the Approval of Animal Experiments Local
Ethics Committee of Van Yüzüncü Yıl University (decision num-
ber: 2018/01). 

RESULTS

Isolation, Identification and
Antibiogram Results of S. aureus
Totally 78 (12.7%) S. aureus strains were isolated from 612 ma-
terials taken from the sheep caretakers and sheep. S. aureus was
identified in 27 (13.2%) of 204 nasal swab specimens taken from
the sheep caretakers. Nasal swabs belonging to sheep careta-
kers from 17 different farms showed positivity in 6 (35.3%) dif-
ferent dairy sheep farms and 35 [17.2%; 11 (64.7%) out of 17
dairy sheep farms are positive] of the nasal swab specimens
(n=204) and milk specimens (n=204) from the sheep, res-
pectively. S. aureus was isolated in 5 [2.5%; 2 (11.8%) out of
17 dairy sheep farms are positive] of the 38 milk specimens from
the sheep with clinical mastitis. On the other hand, S. aureus
was identified in 30 [14.7%; 11 (64.7%) out of 17 dairy she-
ep farms are positive] of the 166 milk specimens from the she-
ep with subclinical mastitis (Table 2). S. aureus was found po-
sitive in both nasal and milk samples of three sheep with subc-
linical mastitis in a farm. MRSA colonization determined in
both nasal and milk samples of a sheep. In addition, nasal MRSA
presence was detected in one of the sheep caretakers at this farm.
The antibiotic resistance profiles of the MRSA isolates obtai-
ned in the specimens of the sheep caretakers and sheeps were
presented in Table 3. The 4 MRSA strains obtained from the
sheep caretakers were found to manifest the highest antibio-
tic resistance against cefoxitin, benzylpenicillin, ampicillin, oxa-
cillin and clindamycin (100%). These MRSA isolates were fo-
und to be susceptible to quinopristin/ dalfopristin, tigecycli-
ne and rifampin. It was exhibited that 2 MRSA strains isola-
ted from the nasal specimens of the sheep demonstrated the
highest antibiotic resistance against cefoxitin, benzylpenicillin,
ampicillin, oxacillin, erythromycin and clindamycin (100%).
It was identified that one MRSA isolated from the milk spe-
cimens of the sheep with clinical mastitis indicated the highest

S. aureus 27 (13,2%) 16 (7,8%) 5 (13.2%) 30 (18.1%) 35 (17.2%) 0,075 0,431 0,511 0,818 0,269 0,004

MRSA 4 (2%) 2 (1%) 1 (2,6%) 5 (3%) 6 (2.9%) 0,410 0,896 0,914 0,968 0,522 0,152

Table 2 - The distribution of S. aureus and MRSA isolates in the specimens taken from the sheep caretakers and sheep.

Bacteria Nasal swap Nasal swap Sheep milk Sheep milk Sheep milk p(1-2) p(3-4) p(3-5) p(4-5) p(1-5) p(2-5)

of sheep of sheep (Clinical (Subclinical (Mastitis)
caretakers (n=204) Mastitis) Mastitis) (N=204)

(n=204) (n=38) (n=166)
1 2 3 4 5
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antibiotic resistance to cefoxitin, benzylpenicillin, ampicillin,
oxacillin, gentamycin, erythromycin and clindamycin. This
MRSA isolate was found to be susceptible to the other anti-
biotics. The 5 MRSA isolates of the sheep with subclinical mas-
titis indicated the highest antibiotic susceptible to tigecycline,
nitrofurantoin and rifampin. The antibiotic resistance profi-
les of the S. aureus isolates obtained in the specimens of the she-
ep caretakers and sheep were presented in Table 4, respectively.
The 27 S. aureus strains obtained from the sheep caretakers were
found to manifest the highest antibiotic resistance against
benzylpenicillin (17; 63%), ampicillin (13; 48%) and eryth-
romycin (13; 48%). All the S. aureus isolates were found to be
susceptible to vancomycin. It was exhibited that 16 S. aureus
strains isolated from the nasal specimens of the sheep de-
monstrated the highest antibiotic resistance against benzyl-
penicillin (14; 87.5%) and ampicillin (11; 69%). All the S. au-
reus isolates were found be susceptible to tetracycline, tigecycline
and rifampin. It was identified that 5 S. aureus isolates isola-
ted from the milk specimens of the sheep with clinical masti-
tis indicated the highest antibiotic resistance to benzylpenicillin
(5; 100%). It was also determined that 5 S. aureus isolates were
highly susceptible to the other antibiotics. The 30 S. aureus iso-
lates of the sheep with subclinical mastitis indicated the hig-
hest antibiotic resistance to benzylpenicillin (26; 87%) and gen-
tamicin (19; 63%). All the 30 S. aureus isolates were detected
to be susceptible to tigecycline and rifampin. 
It was detected that 12 S. aureus [15.4%; 9 (52.9%) out of 17
dairy sheep farms are positive isolates] obtained in the speci-
mens of the sheep caretakers and sheep were phenotypically

MRSA. Of these 12 S. aureus isolates; 4 [33.3%; (4/ 17,
23.5%)], 2 [16.7%; (2/17, 11.8%)], and 6 [50%; (3/17, 17.6%)]
were distributed in the nasal swab specimens of the sheep ca-
retakers, nasal swabs and milk specimens of the sheeps, res-
pectively.

Molecular Characterization Results of
the S. aureus Isolates
Gene analysis for phenotypically 12 MRSA and 66 Methicil-
lin-susceptible S. aureus (MSSA) strains isolated in the speci-
mens of the sheep caretakers and sheep was performed by sin-
gle-Polymerase Chain Reactions (sPCR) for detection of
mecA and vanA genes. Twelve of the 78 S. aureus isolates were
found positive for mecA gene carriage (Figure 1). No mecA gene
was detected in 66 MSSA isolates. It was also revealed that 78
S. aureus isolates were negative for vanA gene carriage. All the
12 MRSA and 66 Methicilline-susceptible S. aureus (MSSA) iso-
lates were found positive for nuc gene carriage (Figure 2). 

The Statistical Analysis Results
As a result of statistical analysis, a significant difference was fo-
und between sheep nasal samples and S. aureus isolated from
mastitis, but no difference was found between MRSA rates (Tab-
le 2). No statistically significant difference was detected between
the rates of S. aureus and MRSA isolated from the nasal swab
specimens of the sheep caretakers and sheep. No difference was
found between the sheep with clinical and subclinical masti-
tis with respect to carriage of S. aureus and MRSA strains. It
has been revealed that humans and animals carry the same risk

Antibiotics S I R S I R S I R S I R

Cefoxitin Screening - - 4 - - 2 - - 1 - - 5

Benzylpenicillin - - 4 - - 2 - - 1 - - 5

Ampicillin - - 4 - - 2 - - 1 - - 5

Oxacillin - - 4 - - 2 - - 1 - - 5

Gentamycin - - 4 - - 2 - - 1 - - 5

Ciprofloxacin 1 - 3 1 - 1 1 - - - - 5

Levofloxacin 1 - 3 - - 2 1 - - 4 - 1

Moxifloxacin 2 - 2 1 - 1 1 - - 1 - 4

Inducible 
Clindamycin 
resistance - - 4 - - 2 - - 1 - - 5

Erythromycin 1 - 3 - - 2 - - 1 - - 5

Clindamycin - - 4 - - 2 - - 1 - - 5

Q/D* 4 - - 1 - 1 1 - - 2 - 3

Linezolid 2 - 2 1 - 1 1 - - - - 5

Vancomycin 4 - - 2 - - 1 - - 5 - -

Tetracycline 2 - 2 2 - - - - 1 - - 5

Tigecycline 4 - - 2 - - 1 - - 5 - -

Nitrofurantoin 1 - 3 1 - 1 1 - - 5 - -

Rifampin 4 - - 2 - - 1 - - 5 - -

SXT* 1 - 3 2 - - 1 - - - - 5

Table 3 - Antibiotic resistance profiles of MRSA isolates.

Nasal S. aureus of the               Nasal S. aureus of                  S. aureus of the                      S. aureus of the 
sheep caretaker (n=4) sheep (n=2) sheep milk with sheep milk with 

Clinical mastitis (n=1) subclinical mastitis (n=5)

*Q/D: Quinupristin/ Dalfopristin; SXT: Sulfamethoxazole/Trimethoprim
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for exposure to S. aureus and MRSA in the sheep farms in Van
Province.

DISCUSSION

S. aureus may also cause severe invasive diseases (osteomyeli-
tis and septic endocarditis), soft tissue and skin infections as
well as it is a member of normal flora (nasal region) in humans24.
Several studies have addressed livestock-associated nasal car-
riage of S.aureus25, 26. It has been exhibited in a study carried
out in Latium (Italy) that 5 MRSA out of 12 S. aureus strains
were isolated from the 14 swab specimens (nasal, oral and skin)
taken from the sheep caretakers, between 2013 and 201525. Car-
fora et al.26 have determined three MRSA strains in the nasal
specimen from the farm owners and from the hands and na-
sal of milker in Rome. In the present study, 4 MRSA out of 27
S. aureus strains were detected in 204 nasal swab specimens from
the sheep caretakers. The rate of nasal S. aureus and MRSA was
lower compared with the other studies26, 27. This difference was
considered resulting from S. aureus colonization in the expo-
sed environment, racial features, geographical residence and
differences between the isolation methods.
Staphylococcus species are isolated from various body regions
(nasal and mammary region) of the healthy ruminants. Mas-
titis, impetigo, abscess, vaginal infections, abort, osteomyeli-
tis and rhinosinusitis may develop due to Staphylococcus28. Re-
searchers have reported that nasal region is the most availab-
le site for the initial colonization of S. aureus in the small ru-

minants (sheep) and functions as the primary source in the in-
fections7. The nasal swab specimens (n=204) of the sheep from
the 17 different sheep farms of our regions indicated 16 [7.8%;
4 (23.5%) out of 17 dairy sheep farms are positive] S. aureus
strains. 
A study carried out in Algeria has reported that 45 (%36.6) S.
aureus strains were isolated in the 123 milk specimens obtai-
ned from the animals with clinical mastitis29. Vasileiou et al.28

have reported 26% subclinical mastitis caused by S. aureus in
the sheep flocks. Compared with the other researches, the iso-
lation rate of S. aureus from subclinical mastitis was lower in
our region 28, 30. While the rate of clinical mastitis is reported
to be less than 5% in average sheep every year in the USA, cli-
nical mastitis was detected in sheep at the same rate in our Re-
gion 31, 32. This result was considered to be associated with S.
aureus colonization in the sheep population, milking techni-
ques (mechanical milking or hands) and stockyard environ-
ment (compliance to sheep capacity). Mechanical milking was
performed in only two of the 17 different sheep farms in our
region. S. aureus was found to be more prevalent in hand mil-
ked sheep farms.
There are differences between the protocols for treatment of
MSSA and MRSA strains in the infections caused by S.aureus
in the humans and animals. After development of methicillin
resistance in the course of time, semi-synthetic penicillins such
as oxacillin, nafcillin and cloxacillin have been introduced to
clinical practice as the altenative treatment option33. Beside that,
vancomycin is only one of the few antibiotics that MRSA stra-
ins are susceptible. Trimethoprim sulfamethoxazole (SXT), cip-

Antibiotics S I R S I R S I R S I R

Cefoxitin Screening - - 4 - - 2 - - 1 25 - 5

Benzylpenicillin 7 3 17 2 - 14 - - 5 4 - 26

Ampicillin 14 - 13 5 - 11 3 - 2 13 - 17

Oxacillin 23 - 4 9 - 6 4 - 1 25 - 5

Gentamycin 15 - 12 12 - 4 3 - 2 11 - 19

Ciprofloxacin 21 - 6 13 - 3 5 - - 14 - 16

Levofloxacin 20 - 7 14 - 2 5 - - 16 - 14

Moxifloxacin 19 - 8 15 - 1 5 - - 23 - 7

Inducible 
Clindamycin 
resistance - - 4 - - 2 - - 1 - - 5

Erythromycin 14 - 13 11 - 5 4 - 1 13 - 17

Clindamycin 23 - 4 10 - 6 4 - 1 25 - 5

Q/D* 22 - 5 14 - 2 5 - - 23 - 7

Linezolid 18 - 9 14 - 2 5 - - 25 - 5

Vancomycin 27 - - 16 - - 5 - - 30 - -

Tetracycline 16 - 11 16 - - 4 - 1 6 - 24

Tigecycline 24 - 3 16 - - 5 - - 30 - -

Nitrofurantoin 22 - 5 13 - 3 5 - - 30 - -

Rifampin 27 - - 16 - - 5 - - 30 - -

SXT* 24 - 3 14 - 2 5 - - 25 - 5

Table 4 - Antibiotic resistance profiles of S. aureus isolates.

Nasal S. aureus of the               Nasal S. aureus of                  S. aureus of the                      S. aureus of the 
sheep caretaker (n=27) sheep (n=16) sheep milk with sheep milk with 

Clinical mastitis (n=5) subclinical mastitis (n=30)

*Q/D: Quinupristin/Dalfopristin; SXT: Sulfamethoxazole/Trimethoprim
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rofloxacin, clindamycin, doxycycline and rifampin are the ol-
dest antibiotics used in the treatment of particularly resistant
S. aureus isolates34. However, it is known that different antibiotic
resistance profiles developed by S. aureus strains significantly
increased due to irregular and excessive use of the antibiotics
in humans and animals. Ahmadi et al.35 have reported in the-
ir study that 55 MRSA isolates isolated from human nasal spe-
cimens indicated susceptibility to mupirocin, gentamicin and
fusidic acid. It has been stated in a study carried out in Italy that
3 MRSA isolates were isolated in the nasal swab specimens from
the sheep caretakers. All these isolates were shown to be resis-
tant to amoxicillin-clavulanic acid, cefotaxime, doxycycline,
erythromycin, amoxicilline, penicilline and tetracycline. Ho-
wever, all MRSA isolates were detected to be susceptible to van-
comycin8. Cong et al.3 have noted that human VRSA strains de-
monstrate high antimicrobial susceptibility. It was determined
in our study that 27 S. aureus strains obtained from the she-
ep caretakers manifested the highest antibiotic resistance to
benzylpenicillin (17; 63%), ampicillin (13; 48%) and eryth-
romycin (13; 48%). All the S. aureus isolates were found to be

susceptible to vancomycin and rifampin. Compared with ot-
her studies, differences between the antibiotic resistance rates
were considered to be associated with the exposed environment
and S. aureus colonization.
Different studies have evaluated the antibiotic resistance rates
of S. aureus isolates isolated from the nasal swabs of the she-
ep worldwide36, 37. Abdel-Moein and Zaher36 have suggested that
all the isolates isolated from the nasal specimens of the sheep
were resistant to penicilline, oxacilline ve cefoxitin. It has been
determined in Tunisia that S. aureus strains isolated from the
nasal specimens of the sheep exerted resistance to penicillin
(8.8%), ciprofloxacin (4.4%), tobramycin (%2.2%) and tet-
racycline (2.2%)37. El-Deeb et al.38 have demonstrated that an-
tibiotic resistance rate of MRSA strains isolated from nasal spe-
cimens of the healthy animals in Saudi Arabia against penicillin,
oxacillin and cefoxitin was 100%. It was exhibited in the pre-
sent study that 16 S. aureus strains isolated from the nasal spe-
cimens of the sheep manifested the highest antibiotic resistance
to benzylpenicillin (14; 87.5%) and ampicillin (11; 69%). All
the S. aureus isolates were found be susceptible to vancomy-

Figure 1 - PCR image of mecA gene of MRSA isolates isolated from the human and sheep specimens.

*1-4: nasal MRSA of the sheep caretaker; 5-6: Nasal MRSA of sheep; 7 Milk MRSA with clinical mastitis; 8-12: Milk MRSA with subclinical mas-
titis; NC: Negative Control; PC: Positive Control, S. aureus ATCC 25923; M: 100 bp DNA Marker.

Figure 2 - PCR image of nuc gene of S. aureus isolates isolated from the human and sheep specimens.

*1-4: nasal MRSA of the sheep caretaker; 5-6: Nasal MRSA of sheep; 7 Milk MRSA with clinical mastitis; 8-12: Milk MRSA with subclinical mas-
titis; 13-14; Nasal S. aureus of the sheep caretaker; 15-16: Milk S. aureus of the sheep with mastitis; NC: Negative Control; PC: Positive Con-
trol, S. aureus ATCC 29213; M: 100 bp DNA Marker.

Akgul imp_ok  12/10/21  14:14  Pagina 266



Ö. Akgül; Large Animal Review 2021; 27: 259-268 267

cin, tetracycline, tigecycline and rifampin. It was concluded that
performing screening tests widely is important since nasal S.
aureus strains isolated from the sheep exhibited different an-
tibiotic resistance rates. It has been reported that MSSA stra-
ins isolated from sheep milk specimens have shown high tet-
racycline resistance rates in Turkey39. We have monitored in our
study that 5 S. aureus isolates isolated from milk of the sheep
with clinical mastitis indicated the highest antibiotic resistance
to benzylpenicillin (5; 100%). It was detected that those 5 S.
aureus isolates demonstrated high susceptibility to other an-
tibiotics. On the other side, 30 S. aureus isolates isolated from
the milk of the sheep with subclinical mastitis presented the
highest antibiotic resistance to benzylpenicillin (26; 87%) and
gentamicin (19; 63%). All those 30 S. aureus isolates were sus-
ceptible to vancomycin, tigecycline, nitrofurantoin and rifampin.
It was concluded that antibiotics (particularly penicillin)
used for the infections developing in the sheep and exposed re-
sistant S. aureus colonization in the environment played an im-
portant role in the increased antibiotic resistance in our regi-
on. 
Methicillin has initially emerged as a great therapeutic medi-
cation invention in 19573. It was reported that prevalence of
methicillin resistance raised over 40% in the invasive infecti-
ons and asymptomatic colonized patients in the continent Eu-
rope. It is estimated that 30% and 1.5% of the population was
colonized with MSSA and MRSA in the USA, respectively40. Ma-
cori et al.25 have declared that 5 (41.7%) of 12 S. aureus isola-
tes isolated from the owners and the employers of the sheep
farms. Carfora et al.26 have announced that they isolated 2 MRSA
isolates in the nasal swab specimens from sheep caretakers. In
the present study, 4 (2%) MRSA strains were isolated from the
nasal specimens of the 204 sheep caretakers in 17 different she-
ep farms in our region. Nasal MRSA was not found very pre-
valent in the sheep caretakers. It was concluded that risk for con-
tamination of MRSA with humans who live in the rural or ur-
ban area through sheep caretakers was very low. 
A study has analyzed the public health risk for MRSA infecti-
on resulting from the contact between animals and humans36,

40. It was reported in a study carried out in Egypt that 2 (3.8%)
MRSA isolates were isolated from nasal specimens of 52 she-
ep36. Researches have demonstrated that MRSA strains were
common in the milk specimens of the sheep with mastitis alt-
hough methicillin was not used in the treatment8. In our study,
2% MRSA (8/408) was detected in the nasal and milk speci-
mens taken from the sheep. The discussed studies have used
mecA gene as the target site for the identification of MRSA. In
also our study, all the MRSA isolates were mecA positive. It was
determined that impact of MRSA was low in the sheep in our
region. While MRSA strains isolated from sheep with masti-
tis are resistant to many antibiotics, MSSA strains show sen-
sitivity to many antibiotics41. In our region, it was predicted that
the risk of MRSA will be low in antibiotic applications for the
treatment of mastitis infections in sheep.
Increased rates of vancomycin resistance is encountered in S.
aureus strains. Since vancomycin-resistant S. aureus (VRSA)
was initially reported in 2002, 52 isolates have been declared
worldwide3. In our study, vancomycin resistance was enoun-
tered in none of the 78 S. aureus strains isolated in the speci-
mens of the sheep caretakers and sheep. It was determined that
humans carry no risk for VRSA through sheep farms in our re-
gion. However, it is concluded that taking the prevalence of van-
comycin resistant Enterococcus (VRE) into account before ad-

ministration of vancomycin for the human and animal infec-
tions. 
Hirotaki et al.42 have stated that multiplex PCR method targeting
nuc gene is 100% sensitive and 100% specific in the diagno-
sis of Staphylococcus species isolated from humans and vari-
ous animals. It was noted in a study from Egypt that 2 MRSA
strains isolated in the nasal specimens of 52 sheep were posi-
tive for carriage of nuc gene36. In our study, nuc gene analysis
of 78 S. aureus strains was performed by sPCR ile yapıldı. Gene
analysis result indicated that all the 12 MRSA and 66 MSSA iso-
lates were positive for the carriage of nuc gene. We have de-
termined that our study method was 100% sensitive in the iden-
tification of MRSA and MSSA isolates. However, nuc gene re-
gion encoded a weak DNA band in the MRSA under the same
PCR conditions.

CONCLUSIONS

As a consequence, S. aureus was found to have a low coloni-
zation prevalence between the sheep caretakers and sheep in
our high-capacity rural corporations dealing with sheep bre-
ed. It was monitored that isolated and identified S. aureus stra-
ins indicated a low MRSA and no VRSA prevalence. It has been
suggested that monitoring potential risk of MRSA strains wo-
uld be important even though they were encountered with low
levels. MRSA and MSSA strains were found to present a high
antibiotic resistance to penicillin in particularly conventional
treatment protocols. Therefore, it was determined that admi-
nistration of the antibiotics in the treatment of S. aureus-as-
sociated infections in either humans and animals after per-
forming antibiotic susceptibility tests would be critical. We have
concluded that our findings obtained in our study would con-
tribute to the antibiotic treatment protocol in the treatment
of the hospital-, community and animal-acquired infections
caused by S. aureus in our region.
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