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Summary
In this study, determination of resistance to methicilline and vancomycin in staphylococcus strains isolated from cow milk samples 

with subclinical and clinical mastitis was aimed. One hundred staphylococcus strains were isolated from total 306 quarter milk samples 
collected from the dairy cattle farms in the city of Burdur. Phenotypic resistance to methicillin and vancomycin was determined by Agar-
Disc Diffusion Technique (ADDT) and Minimal Inhibitory Concentration (MIC) values for methicillin and vancomycin were determined 
by Agar Dilution Technique (ADT), according to Clinical and Laboratory Standards Institute (CLSI) protocols. Polymerase Chain Reaction 
(PCR) was performed for determination of mecA and vanA genes in the strains. The number of strains with both phenotypically and 
genotypically resistant and susceptible to methicillin were found as 20 and 25, respectively. Ten staphylococcus strains with reduced 
susceptibility to vancomycin were determined. None of the strains had vanA gene. In conclusion, it is stated that methicillin resistance 
in staphylococcus strains responsible from mastitis in cattle in Burdur province is high. In terms of vancomycin resistance there is no 
resistant staphylococcus strains, but presence of strains with reduced susceptibility to vancomycin should be taken into account.
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Mastitisli Sığır Sütlerinden İzole Edilen Stafilokok Suşlarında 
Metisilin ve Vankomisin Dirençliliğinin Belirlenmesi

Özet
Bu çalışmada, klinik ve subklinik mastitisli inek süt örneklerinden izole edilen stafilokok suşlarında metisilin ve vankomisin 

dirençliliğinin belirlenmesi amaçlanmıştır. Burdur ilindeki süt ineği çiftliklerinden toplanan 306 meme lobundan toplanan süt 
örneklerinden 100 stafilokok suşu izole edildi. Metisilin ve vankomisine fenotipik dirençlilik Agar-Disk Difüzyon Tekniği (ADDT) ile ve 
metisilin ve vankomisin için Minimal İnhibitör Konsantrasyonu (MİK) değerleri Agar Dilüsyon Tekniği (ADT) ile Klinik ve Laboratuvar 
Standartları Enstitüsü (CLSI) protokollerine göre belirlendi. Suşlarda mecA ve vanA genlerinin belirlenmesi için Polimeraz Zincir 
Reaksiyonu (PZR) gerçekleştirildi. Hem fenotipik hem de genotipik olarak metisiline dirençli ve duyarlı olan suşların sayısı sırasıyla 20 
ve 25 olarak bulundu. On adet stafilokok suşu vankomisine duyarlılığı azalmış olarak belirlendi. Suşların hiç biri vanA genine sahip 
değil idi. Sonuç olarak, Burdur ilinde sığır mastitislerinden sorumlu stafilokok suşlarında metisilin dirençliliği yüksektir. Vankomisin 
dirençliliği açısından ise, dirençli suş bulunmamakta fakat vankomisine duyarlılığı azalmış suşların varlığı dikkate alınmalıdır.
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Methicillin resistance in Staphylococcus spp. is described 
as resistance to beta-lactam antibiotics such as cloxacillin, 
dicloxacillin, methicillin, nafcillin, oxacillin which can not 
be hydrolized by beta lactamase enzymes produced by 

staphylococcus strains 1. Methicillin resistant staphylococcus 
strains posses mec element in their genome that consists 
of mecA gene encoding PBP2a, mecI and mecRI regulatory 
elements controlling mecA gene transcription and mec 
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associated DNA 2. PBP2a determines methicillin resistance 
because of its reduced affinity for beta-lactams and higher 
rates of release of the bound beta-lactams to itself 2,3. PBP2a 
can undertake the transpeptidation reactions when normal 
PBPs activities are blocked by the drug and allow the strain to 
form cell wall and continue to grow at lethal concentration 
of beta lactamase resistant antibiotics 2,3. On the other 
hand, overproduction of beta lactamases by the isolates 
and modification of normal PBPs may also be responsible 
from the methicillin resistance in staphylococcus strains 2,3.

Methicillin resistant strains are inherently cross-resistant 
to virtually all β-lactam antibiotics, regardless of in vitro 
antibiogram test results, which are the most effective and 
widely used class of antimicrobials for several bacterial 
infections 4. Additionally,  methicillin resistant clinical strains 
are quite often multi-drug resistant (such as aminoglycosides, 
fluoroquinolones, macrolides, tetracycline) and this reduces 
significantly the therapeutic options for the treatment of 
staphylococcal infections 3,5.

Vancomycin is the drug of choice for treatment of multi-
resistant methicillin resistant staphylococcus infections. 
CLSI classifies vancomycin resistance in staphylococci as 
intermediate and full resistance 4. In intermediate resistant 
strains, excess amount of peptidoglycan production and 
thickening of cell wall are common characterics, and since 
thickening of cell wall causes trapping of vancomycin 
molecules in the cell wall peptidoglycan, vancomycin 
molecules can not reach to target close to cell membrane 
where synthesis of cell wall occurs 6-9. Intermediate resistance 
can not be transferable and form after vancomycin 
exposure. The mechanism for full resistance is mediated 
by vanA gene encoding D-Alanine-D-Lactate depsipeptide,  
which exist instead of D-Alanine D-Alanine dipeptide of NAM/
NAG of a vancomycin susceptible strain. Since D-Ala-D-Lac 
has a much lower affinity to vancomycin molecules than 
D-Ala-D-Ala, vancomycin can not bind and interrupt the 
peptidoglycan sysnthesis of cell wall and this result in 
full resistance 10. It is known that vanA gene placed on 
Tn1516 in staphylococcus strains and it was transfered 
from Enterecoccus faecalis by conjugation of Tn1516 or a 
conjugative plasmid carrying Tn1516 11,12.  

Isolation of methicilline resistant staphylococcus strains 
responsible from bovine mastitis has been reported by 
many researchers worldwide 13-19. In terms of vancomycin 
resistance, full resistance has not been reported yet in 
staphylococcus strains from bovine mastitis cases 19-21, but 
recently, in a study conducted in Aydin province of Turkey, 
vancomycin intermediate S. aureus (VISA) strains were 
detected from bovine mastitis cases by ADT but it was 
stated that these isolates did not carry vanA gene 5.

This study is conducted to determine the resistance to 
methicillin and vancomycin by both phenotypical and geno- 
typical methods in Staphylococcus spp. strains isolated from 
bovine mastitic milk samples in the city of Burdur in Turkey. 

MATERIAL and METHODS

Sampling 

In the study,  total 306 milk samples were collected from 
107 lactating cows belonging to 57 dairy cattle managements 
in Burdur province located in southwest of Turkey. Out 
of 306 milk samples, 121 samples were collected from 
clinically infected udders and remaining 185 samples were 
collected from subclinically infected udders, with positive 
California Mastitis Test result. Firstly, teats were disinfected 
by 70% alchohol and at least 5 ml milk samples were collected 
into sterile tubes. 

Isolation and Identification 

Fifty microliters of each samples were streaked on 7% 
sheep blood agar plates within two hours of collection. The 
plates were incubated in air at 37°C for 24 h. Identification 
of staphylococcus strains were performed by the following 
tests: Gram staining, oxidation and fermentation test with 
glucose, oxidase test, catalase test, clumping factor and 
tube coagulase tests, mannitol fermentation test,  Voges- 
Proskauer test (asetoin test), beta-galactosidase test (ONPG), 
carbonhydrate fermentation tests (glucose, fructose, 
lactose, maltose, mannitol, mannose, N-acetyl glucosamine, 
raffinose, sucrose, xylose, trehalose), urease test, and 
polymixin and novobiocin susceptibility tests 22,23.

Antimicrobial Susceptibility Testing

- Agar-Disc Diffusion Technique (ADDT)

CLSI protocols were followed 24. Briefly, the test was 
performed on Mueller Hinton Agar (MHA) supplemented 
with 2% NaCl for methicillin and on MHA for vancomycin 
resistance determination. The bacterial inoculum was 
prepared by suspending isolated staphylococcus strain  
colonies from an 24 h agar plate in tryptic soy broth to a 
turbidity matching a 0.5 McFarland Standard and the 
inoculum suspension was used within 15 min of preparation. 
One µg oxacillin commercial disc (Bioanalysis, Turkey) for 
methicillin resistance and 30 µg vancomycin (Bioanalysis, 
Turkey) for vancomycin resistance determination were 
placed manually on agar plates and the plates were 
incubated in an inverted position in air under 35°C for 24 h. 
The inhibition zones around discs were examined and 
measured. Transmitted light was used for light growth 
or microcolonies. The results were evaluated according 
to CLSI critical zone diameters (Oxacillin-S aureus: R≤10 
mm, I:11-12 mm, S≥13 mm; CoNS: R≤17mm, S≥18 mm) 25, 
(Vancomycin-Staphylococcus spp.: R<15mm, S≥15 mm) 4. 

- Agar Dilution Technique (ADT) 

The Minimal Inhibitory Concentration (MIC) of 
vancomycin was determined by agar dilution technique as 
recommended by CLSI 26. The test was performed for 
methicillin resistance testing on MHA supplemented with 2% 
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NaCl and for vancomycin resistance testing on MHA. Firstly, 
the mentioned agar plates with different oxacillin (Sigma, 
USA) and vancomycin (Lek Pharmaceuticals, Slovenia) 
concentrations ranging from 0.25 µg/ml to 256 µg/ml 
were prepared. The inoculum was prepared by suspending 
isolated staphylococcus strain colonies from an 24 h 
agar plate in tryptic soy broth to a turbidity matching a 
0.5 McFarland Standard and used within 15 min of 
preparation. The plates were inoculated with the inoculum 
suspension of a strain starting with the lowest concentration. 
Growth control plate without antibiotics were also inoculated 
with the strains. Then, the plates were incubated in air 
at 35°C for 24 h. The MIC was read as the first antibiotic 
concentration that inhibits the growth of the strain 
completely. The results were evaluated according to CLSI 
critical MIC values (Oxacillin-S. aureus: S ≤2 μg/ml, R ≥4 μg/
ml; CoNS: S≤0.25 μg/ml, R ≥0.5 μg/ml) 27, (Vancomycin-S. 
aureus: S≤ 2 μg/ml, I: 4-8 μg/ml, R ≥16 μg/ml; CoNS: S ≤ 4 
μg/ml, I:8-16 μg/ml, R ≥32 μg/ml) 4.

In methicillin testing, S. aureus ATCC 43300 (Ondokuz 
Mayıs University, Faculty of Veterinary Medicine) was used 
as positive control and S. aureus ATCC 25923 (Mehmet Akif 
Ersoy University, Faculty of Veterinary Medicine) was used 
as negative control. In vancomycin testing, Enterococcus 
faecalis VanA gene positive avian isolate (Ondokuz Mayıs 
University, Faculty of Veterinary Medicine) and S. aureus 
ATCC 43300 were used as positive and negative control 
strain, respectively. 

Polymerase Chain Reaction (PCR)

- DNA Extraction 

Single colonies of each isolates and control strains were 
inoculated into 1 ml nutritient broth (Oxoid, England) and 
incubated in air at 37°C for 24 h. The cultures were centrifujed 
at 8.000 rpm for 5 minutes. Pellets were resuspended in 
180 μl of 20 mM Tris/Cl (Amresco, USA), 2 mM EDTA (Bioshop, 
Canada) and 1% Triton X-100 (Sigma, USA) (pH 8.0) solution 
supplemented with 0.2 mg/ml lysostaphin (Sigma, USA) 
and the tubes were incubated at 37°C for 30 min. Then, 25 
μl proteinase K (Macherey-Nagel, Germany) was added into 
each tubes and vortexed and incubated at 56°C for 2 h. DNA 
was purified from the strains by using a DNA extraction 
kit (Macherey-Nagel, Germany) in accordance with the 
manufacturer’s instructions. Extracted DNA samples were 
kept at -20°C until use in PCR.

- PCR Reaction 

PCR was achieved with 2 µL extracted template DNA, 
2 µL primers and 10 µL 2 x Master mix (4 mM MgCl2,  0.4 
mM each dNTPs, 0.05 U/µl recombinant Tag DNA Polymerase 
and reaction buffer) (Fermentas, Lithuania) in a final volume 
of 25 µL. A 314 bp fragment of the mecA gene was amplified 
using two oligonucleotide primers, forward 5’-CCT AGT 
AAA GCT CCG GAA-3’ and reverse 5’- CTA GTC CAT TCG GTC 
CA-3’ 28. A 1030 bp fragment of vanA gene was amplified 

using forward 5’-CAT GAA TAG AAT AAA AGT TGC AAT 
A-3’ and reverse 5’- CCC CTT TAA CGC TAA TAC GAT CAA-3’ 
primers 29. Appropriate positive and negative controls were 
included in each PCR run. For mecA spesific PCR, the cycling 
profile comprised an initial denaturation step at 94°C for 
10 min, followed by 30 cycles of denaturation at 94°C for 1 
min, annealing at 54°C for 1 min, and extension at 72°C for 1 
min and a single extension step of 72°C for 7 min. For vanA 
spesific PCR, the thermal cycling program was as follow: 
initial denaturation at 95°C for 10 min; followed by 30 cycles 
of denaturation (30 sec at 94°C), annealing (30 seconds 
at 58°C) and extension (30 sec at 72°C); and a single extension 
(10 min at 72°C).

- Electrophoresis 

MecA and vanA spesific PCR products were electro-
phoresed in a 1.5% and 1.8% agarose gel 28,29, respectively, 
at 170 V for 60 min (Thermo Electron Corporation, USA), 
stained with ethidium bromide (0.5 μg/ml) and visualized 
and photographed under UV transilluminator (Genius, Bio-
Imaging System, Syngene, England). 

RESULTS

In this study, total 100 Staphylococcus spp. strains, 82 
coagulase positive staphylococcus (CoPS) and 18 coagulase 
negative staphylococcus (CoNS) strains, were isolated from 
127 out of 306 (41.5%) mastitic milk samples. Fifty five strains 
were isolated from 185 milk samples collected from sub-
clinically infected udders and remaining 45 strains were 
from 121 milk samples collected from clinically infected 
udders. Among the strains isolated from clinical cases, 38 
(84.4%) strains were CoPS and 7 (15.6%) strains were CoNS 
strains.  The strains isolated from subclinical cases consist of 
44 (80%) CoPS and 11 (20%) CoNS strains. In total, 63 cows 
out of 107 (58.9%) cows with mastitis in this study were 
diagnosed with staphylococcal mastitis.

Species distribution of Staphylococcus spp. strains were 
as follow: 65 S. aureus, 17 S. intermedius, 4 S. simulans, 3 S. 
chromogenes, 3 S. lugdunensis, 3 S. xylosus, 2 S. hemolyticus, 
1 S. hominis subsp. hominis, 1 S. cohnii subsp. urealyticum 
and 1 unidentified CoNS strain.

ADDT 

Out of 100 strains, total 31 strains were found resistant 
and 64 strains were found susceptible to methicillin. Only 
5 strains were determined as intermediate resistant to 
methicillin (Table 1). Out of 65 S. aureus strains tested, 15 strains 
were found resistant, 5 strains were found intermediate 
and 45 strains were found susceptible to methicillin. 
All of S. intermedius strains (n:17) were susceptible to 
methicillin (Table 2). In CoNS strains, 2 strains were susceptible 
and 16 strains were resistant to methicillin (Table 1). In terms 
of vancomycin resistance, all strains were found susceptible 
to vancomycin.
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ADT 

Total 38 strains were determined resistant and 62 
strains were determined susceptible to methicillin (Table 1). 
Among 65 S. aureus strains, 20 strains were resistant and 45 
strains were susceptible (Table 2). All S. intermedius strains 
were found susceptible to methicillin as found in agar disc 
diffusion technique. On the other hand, all CoNS strains 
were determined as resistant to methicillin with a MIC 
value equal to and greater than 0.5 µg/ml. MIC values of the 
strains for methicillin were presented on Table 3. In terms 
of vancomycin resistance, 90 out of 100 staphylococcus 
strains were found susceptible. The remaining 10 strains (7 
S. aureus and 3 CoNS strains) were found to have reduced 
susceptibility to vancomycin with MIC value 4-8 μg/ml. MIC 
values of the strains for vancomycin were presented on Table 4.

PCR 

Total 57 strains were found carrying mecA gene and 
none of the strains were found having vanA gene. Total 20 
strains were determined resistant to methicillin both pheno- 
typically and genotypically, and 25 strains were susceptible 
to methicilin both phenotypically and genotypically (Table 5). 

DISCUSSION

After isolation of first methicillin resistant S. aureus (MRSA) 
strain from bovine mastitis cases in Belgium by Devriese et 
al.13, presence of MRSA in bovine mastitis cases has been 
reported by several studies in different countries. MRSA 
strains were detected by Kaszanyitzky et al.14 in Hungary, by 
Moon et al.15 in Korea, by Virgin et al.16 in USA, by Stastkova 
et al.17 in Check Republic, by Spohr et al.18 in Germany, and 
by Kumar et al.19 in India. Recently, there have been some 
studies conducting in Turkey showing that both phenotypic 
and genotypic resistant strains to methicillin exist in 
bovine mastitis cases. In Turkey, methicillin resistance rate 
in S. aureus strains isolated from bovine mastitis cases was 
reported as 60% in Aydin province 30 and 17.5% in Burdur 
province 31 by ADDT. In CoNS strains, methicillin resistance 
rate was reported as 73% in Aydin province 30, and 22.8% 
in Burdur province 31 by ADDT. In another study conducted 
in Aydin province, methicillin resistance in staphylococcus 
strains from bovine milk samples was found as 10.4% 32. 
Sareyyupoglu et al.33 reported methiciline resistance by 
ADDT in S. aureus strains from mastitic bovine milk samples 
collected from Polatlı, Çubuk and Haymana districts of 
Ankara Province as 31.8%, 58.6% and 0%, and by mecA 
spesific PCR as 31.8%, 31% and 3.1%, respectively. The 
difference in resistance rates found in the studies can be 
attributed to strain differences among the regions, use of 
different sampling methods in the studies, difference in 
the number of isolate tested, use of different antimicrobial 
susceptibility testing protocols and difference in evaluation 
of the test results in the studies. Additionally, difference in 

Table 1. Staphylococcus strains and results of ADDT and ADT with oxacillin

Tablo 1. Stafilokok suşları ve oksasilin ile ADDT ve ADT sonuçları

Strains
ADDT ADT

R I S R I S

CoPS (n:82) 15 5 62 20 n/a 62

CoNS (n:18) 16 n/a 2 18 n/a 0

Total (n:100) 31 5 64 38 n/a 62

R: Resistant, S: Susceptible, I: Intermediate, n/a: non applicable

Table 2. CoPS strains and results of ADDT and ADT with oxacillin

Tablo 2. Koagülaz Pozitif Stafilokok suşları ve oksasilin ile ADDT ve ADT 
sonuçları

CoPS Strains
ADDT ADT

R I S R I S

S. aureus (n:65) 15 5 45 20 n/a 45

S. intermedius (n:17) 0 0 17 0 n/a 17

Total (n:82) 15 5 62 20 n/a 62

R: Resistant, S: Susceptible, I: Intermediate, n/a: non applicable

Table 3. Distribution of MIC values of the strains for oxacillin

Tablo 3. Oksasilin için suşların MİK değerlerinin dağılımı

Strains
MIC (µg/ml)

0.25 0.5 1 2 4 8 16 32 64 128 256

CoPS (n:82) - 3 21 38 3 9 6 1 - - 1

CoNS (n:18) - - 2 11 1 3 1 - - - -

Total (n:100) - 3 23 49 4 12 7 1 - - 1

S: Susceptible, R: Resistant

Table 5. Comparison of ADT with oxacillin and PCR (mecA) results

Tablo 5. Oksasilin ile ADT ve PZR (mecA) sonuçlarının karşılaştırılması

Test Staphylococcus spp. 
PCR

Total
mecA + mecA -

ADT

CoPS
(n:82)

S. aureus 
(n:65)                                                                                                  

S  

R  

25

12

20

8

45

20
S. intermedius
 (n:17)                       

S 

R                               

12

0

5

0

17

0

CoNS (n:18)                                                              
S 

R                                

0

8

0

10

0

18

Total (n:100) 57 43 100

R: Resistant, S: Susceptible 

Table 4. Distribution of MIC values of the strains for vancomycin

Tablo 4. Vankomisin için suşların MİK değerlerinin dağılımı

Strains
MIC (µg/ml)

0.25 0.5 1 2 4 8 16 32 64 128 256

CoPS (n:82) - 2 48 25 7 - - - - - -

CoNS (n:18) - - 9 6 - 3 - - - - -

Total (n:100) - 2 57 31 7 3 - - - - -

S: Susceptible, R: Resistant, I: Intermediate
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herd sizes and age of the cows sampled in the studies and 
history of antibiotic use for treatment in the cattle included 
in the studies were not generally indicated in the studies and 
all these factors can be the reason for quite differences in 
the results of the studies. In this study, methicillin resistance 
were found 23.1% and 88.9% for S. aureus and CoNS, 
respectively by ADDT. In this study, phenotypic methicillin 
resistance in CoNS were found higher than S. aureus strains 
and this supported the results of and Kırkan et al.30 and 
Turutoglu et al.31. The results of this study indicates that 
methicillin resistance in staphylococcus strains is high in 
Burdur province and this may cause the treatment failures 
for mastitis cases in the cows in the field.

In this study, two phenotypic antimicrobial susceptibility 
techniques were used and methicillin resistance for S. 
aureus were found (15/65) 23.1% by ADDT and (20/65) 
30.8% by ADT. The only difference between the results of 
two techniques was that 5 intermediately resistant S. aureus 
strains with 11-12 mm zone diameters had MIC value equal 
to and greater than 4 μg/ml in ADT and these were 
determined as resistant to methicilline in ADT. On the other 
hand, methicillin resistance in CoNS were found (16/18) 
88.9% by ADDT and 100% by ADT. The only difference 
between two techniques was 2 CoNS strains found sensitive 
by ADDT with greater than 18 mm zone diameters had 
MIC values higher than 0.5 μg/ml and were determined as 
resistant in ADT. Since ADT is more sensitive than ADDT 
especially for detecting heterogenously resistant strains, 
the results of two techniques can be different. Thus, ADT 
is accepted as standard method by CLSI 26. Additionally, 
ADDT results can be affected easily by external factors and 
thus all resistant and borderline heterogen resistant strains 
can not be detected by ADDT 34. 

In the study, total 20 strains were determined resistant 
to methicillin both phenotypically and genotypically, and 
25 strains were susceptible to methicilin both phenotypically 
and genotypically. Total 57 out of 100 staphylococcus strains 
were found carrying mecA gene. Twenty five S. aureus strains 
were phenotypically sensitive but mecA gene positive. The 
situation in these S. aureus strains can be attributed to 
suppression of mecA gene and heterogenous character of 
methicillin resistance 3. It is known that in phenotypically 
sensitive but mecA gene positive strains, expression of mecA 
gene are controlled by primarily regulator genes (mecI- 
MecRI) and other chromosomal genes. Since mecI-MecR1 
genes are intact in these strains, and beta lactam antibiotics 
can not activate mecR1 gene strongly,  mecI supress the 
expression of mecA partially or completely. Thus, resistance 
to methicillin in these strains can not be determined by 
phenotypical tests 3,35. Development of resistance in such 
strains occurs by inactivation of mecI and continuous 
production of PBP2a due to mutations and deletions in 
operator and/or promoter regions of mecI or mecA after 
selective pressure of beta-lactam antibiotics 3. Additionally, 
inactivation of fem factors may result in alteration in 

methicillin resistance level since they play role in biosynthesis 
of peptidoglycan structure of the bacteria 3. On the other 
hand, it is known that phenotypical tests are occasionally 
inadequate in detecting heterogenously resistant and 
borderline resistant strains due to existence of low number 
(1:106) of resistant bacteria in a culture of such bacteria 34,36. It 
has been stated that resistance in these subpopulation of a 
culture originate from additional chromosomal mutations 
other than mec elements 3. When such clinical strains are 
reported as sentitive to methicillin, it can result with treatment 
failure because of existence of resistant subpopulations 37,38. 
Also, several external factors (inoculum, incubation period 
and temperature, pH and NaCl concentration of medium, 
etc.) can influence the expression of resistance in vitro and 
result of the phenotypical tests 34,39. Similarly, Sareyyupoglu 
et al.33 did not detect resistance by phenotypic test in 
the strains isolated from mastitic bovine milk samples in 
Haymana district of Ankara province but 3.1% of the strains 
were found positive for mecA gene by PCR. In this study, 
phenotypic resistance in S. aureus strains was found 30.8% 
(20/65) and genotypic resistance was found 56.9% (37/65). 

On the other hand, in this study, out of 20 S. aureus strains 
found resistant by phenotypical tests, 12 strains (60%) were 
positive and 8 strains (40%) were negative for mecA gene. 
Out of 18 CoNS strains found resistant by phenotypical 
tests, 8 strains (44.4%) were positive and 10 strains (55.6%) 
were negative for mecA gene (Table 5). Similarly, the rates 
of having mecA gene in phenotypically methicillin resistant 
S. aureus strains from bovine mastitic milk samples have 
been reported by several researchers. It was reported by 
Türütoğlu et al.40 as 16.7% in Burdur province, by Moon et 
al.15 as 61.9% in Korea, by Kumar et al.19 as 77% in India. In 
phenotypically resistant but mecA gene negative strains, 
several mechanisms, such as overexpression of beta-
lactamase, overproduction of PBPs and point mutations 
in PBPs are held responsible from the resistance to 
methicilline 2. In the study, these strains (8 S. aureus and 
10 CoNS) were tested by ADDT with amoxycillin clavulanic 
acid combination and found susceptible. This showed that 
phenotypic resistance in these strains are probably due to 
overproduction of beta lactamase by the strains. However, 
it is stated that other mechanisms for phenotypic resistance 
should not be disregarded completely in such strains 37. 

Vancomycin is known as a last choice for treatment of 
methicillin resistant staphylococcus infections in human 
medicine. Even though vancomycin resistant S. aureus and 
vancomycin resistant CoNS strains have been reported in 
human, a vancomycin resistant staphylococcus strain has not 
been reported yet from animal specimens 5,19-21. Also in this 
study, 100 staphylococcus strains were tested by ADDT and 
all strains were found susceptible to vancomycin. But in 
ADT, 7 S. aureus (MİK:4 μg/ml) and 3 CoNS (8 μg/ml) strains 
were detected. This showed that staphylococcus strains 
intermediately resistant to vancomycin may be isolated from 
bovine mastitis cases. Similarly, in Aydin province, Türkyılmaz 



854
Detection of Methicillin and ...

et al.5 tested 16 MRSA strains isolated from bovine mastitis 
cases for vancomycin susceptibility by ADT and they found  
7 VISA strains with 4 μg/ml MIC value. In this study, detection 
of intermediate resistant strains by only ADT, which is more 
sensitive than ADDT and accepted as standard technique by 
CLSI, can be due to heterogenous character of vancomycin 
resistance and existence of small subpopulations with different 
MIC values in a culture. In this study, as stated by CLSI, 
because of inadequacy of ADDT in vancomycin susceptibility 
testing of staphylococcus strains, ADT was also used 26. 

VanA gene specific PCR results showed that both 
sensitive (n:90) and intermediate resistant strains (n:10) for 
vancomycin did not carry vanA gene.  Turkyilmaz et al.5 also 
performed vanA specific PCR for intermediate resistant 
strains isolated from bovine mastitis cases and did not 
determine vanA gene. Since vanA gene is not present, 
mechanisms for 10 intermediate resistant strains can be 
explained with changes in biosynthesis of cell wall of the 
strains. In such strains, increase in peptidoglican synthesis, 
reduction in cross bridges in peptidoglican and increase in 
D-Ala-D-Ala residues have been stated by researchers 6-9. 

Staphylococcus strains from bovine mastitic milk can pass 
to human during milking and processing of milk and can 
cause infections in human. In this study, it is shown that 
there is a possibility for transmission of MRSA and methicillin 
resistant coagulase negative staphylococcus (MRCoNS) 
strains from cow mastitic cases to human. Since all strains 
were sensitive to vancomycin that is a last treatment choice 
for MRSA and MRCoNS infections, possibility of untreatable 
vancomycin resistant staphylococcal infections in human 
can be disregarded. However, presence of staphylococcus 
strains with intermediately resistant to vancomycin is 
important. In case of being heterogen VISA, the sub-
populations with 4-8 μg/ml MIC values in these strains can 
play key role as a precursor for development of homojen 
VISA strains after selection pressure of vancomycin use.
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