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Abstract: Staphylococcus aureus is one of the main causes of hospital-acquired infections. Vancomycin is widely 
used in treating infections created by this organism which increases vancomycin-resistance and the spread of S. 
aureus strains with intermediate vancomycin resistance in different parts of the world has created major concerns 
about the clinical samples. Gathering data on the situation of drug resistance - especially vancomycin-resistance of 
these organisms not only is considered an effective measure to prevent hospital infections but also as one of research 
priorities. In this study, the frequency of vancomycin resistance and the presence of vanA gene are evaluated in S.  
aureus strains  isolated from Tabriz Shohada hospital with PCR. 73 strains of Staphylococcus aureus were isolated 
from hospitalized patients in Tabriz Shohada Hospital during a period of eight months. All of strains were identified 
through the routine methods. The resistance to vancomycin was identified through agar disk diffusion method and 
MIC of vancomycin was measured through E-test. Also, in order to identify vanA genes, specific primers were 
applied. The frequency of intermediate vancomycin-resistant strains using agar disk diffusion method and E-test are 
% 26.02 and % 14.43, respectively. The results of PCR indicate that 1.3% of strains are identified as vancomycin-
resistant. VanA- positive strains were far more resistant against antibiotics than vanA- negative. During the present 
study vanA gene was identified in only one strain of isolated S. aureus with PCR. Separation of vanA gene in 
isolated strains rings the alarm for authorities to control infection in the given hospital and other medical centers in 
Tabriz.  
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1. Introduction 

Staphylococcus aureus is one of the most 
common and important pathogens of nosocomial 
infections that due to variety of enzymes such as 
coagulase, hyaluronidase, nuclease, lipase, hemolysin 
and leukocidin can cause infection anywhere in the 
body (1). These bacteria are causative agent of wide 
range of human diseases, including endocarditis, food 
poisoning, toxic shock syndrome, septicemia, dermal 
infections, soft tissue infections and bone infections . 
(2). Because of acquired resistance to drought and 
increasing resistance to antimicrobial agents, it has 
been got as a major public health concerns and causes 
treatment failure in infections due to S. aureus (3). 
The first S. aureus isolates with reduced susceptibility 
to vancomycin (VISA) was reported in Japan in 1997 
(4). In 2002, another vancomycin resistant 
Staphylococcus aureus (VRSA) strain was reported 
from America (5). 

In 2002 and later, similar studies have conducted 
on resistance to vancomycin strains of S. aureus in 
Britain, America, Germany, France, India and other 
countries that in these reports, intermediate and 

resistance to vancomycin strains also were observed 
(6-8). Most of VRSA and VISA strains also are 
observed in isolates of methicillin-resistant 
Staphylococcus aureus (9). Genes involved in 
vancomycin resistance are known van gene which is 
cause resistant by inducing changes in the cell wall of 
S. aureus and the most important gene, vanA, which 
causes strange resistance to vancomycin and 
teicoplanin (10,11). This gene is located on Tn1546 
transposons and also can be found on plasmid or 
chromosome and causes transfer of vancomycin 
resistant genes from one strain to another or even from 
one species to another species (12-14). Vancomycin 
resistant genes can be transferred from Enterococcus 
faecium to Staphylococcus aureus through the 
conjugative transposons (15). Vancomycin-resistant 
Staphylococcus aureus with VanA genotype are known 
in urinary tract infections, septicemia, and most 
infections caused by S. aureus (16-18).  Resistance to 
Vancomycin in S. aureus is due to changes in the cell 
wall of bacteria. This organism has a thick cell wall 
that vancomycin binds to receptors occupied on the 
outer cell wall and inhibits its function (19). Detection 
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and isolation of VRSA strains can prevent from spread 
these strains in the hospital environment and reduce 
the rate of S. aureus infections. In this study, the 
prevalence of vancomycin-resistant Staphylococcus 
aureus strains isolated from patients in Shohada 
Hospital has been evaluated using agar disk diffusion 
method, E-test and PCR. 
 
2. Materials and methods 

Sampling and identification of strains: 
In this study, during an 8-month period from 

2011 to 2012, 73 strains of Staphylococcus aureus 
were isolated from clinical samples of Tabriz Shohada 
hospital. After collecting the samples, we used blood 
agar and mannitol salt agar media for isolating and 
purification of genera, and then were incubated for 24 
hours in 37˚C (20, 21). We used of complementary 
tests such as gram staining, catalase test, DNase test 
and fermentation of mannitol and resistance to 
novobiocin and polymyxin B for confirmation of 
isolates. We attempted to make coagulase from 
isolates using human plasma, so, final step of 
confirmation was made (22, 23). All strains were 
numbered and were kept in freezer at -70˚C for next 
steps.  
 
2.1. Antibiogram using disk diffusion method 

Agar disk diffusion test was applied using discs 
prepared from Mast Co. (24). The antibiotic discs used 
in this study were linezolid (30 μg), vancomycin (30 
μg), methicillin (5 μg), Ceftazidime (30 μg), 
gentamicin (10 μg), tetracycline (30 μg), ciprofloxacin 
(5 μg), cotrimoxazole (25 μg). It must remember, in 
this study, bacterial suspension equivalent to standard 
0.5 McFarland has been used and results of antibiotic 
sensitivity were reported using the CLSI (Clinical and 
Laboratory Standards Institute's) criteria and data 
presented as sensitive, intermediate and resistant (24).  
 
2.2. Determination of minimal inhibitory 
concentration (MIC) for vancomycin 

E-test was used for determining MIC (AB 
biodisk Solna, Sweden). E-test method is a 
combination of agar disk diffusion method and 
determination of MIC. In this method, antibiotic is 
placed on the paper tape based on the gradient of 
concentration (25-27).  To perform this procedure, the 
18-hour bacterial culture on Tryticase Soy Broth (TSB) 
medium was made and a bacterial suspension 
equivalent to a standard 0.5 McFarland was prepared 
and then using a swab bacteria were cultured in Brain 
Heart Infusion ( BHI) Agar. Vancomycin-stained E-
test strips with ascending concentrations from 0.16 
μg/ml to 256 μg/ml was occupied on BHI agar 
medium and was incubated at 37˚C for 24 hours. After 
24 hours, the onset of inhibition zone is considered as 

the MIC of the isolate (25-27).  
 
2.3. Extraction of DNA from isolates 

Of cultures in BHI broth mediums, 1.5 ml was 
transferred into a microtube and was centrifuged at 
13000 rpm for 10 minute.  Then, a little liquid 
nitrogen was added into the sediment. Then, based on 
table 1, lysing buffer was added to sediment and was 
transferred into another microtube and was placed in 
the thermomixer at 80-85˚C for 1 hour. At the end, 
DNA was extracted using common method (28). 
 

Table1: concentration of materials used in lysing 
buffer 

Material Amount /ml 
Tris 1 M, PH= 7.5 1 

Sodium chloride 5 M 1 
EDTA 0.5 M 1 

SDS 2% 2 
Distilled water 9.5 

 
2.4. Identification of vanA gene using PCR 

For executing PCR, we used recommended 
primers for vanA gene (29, 30) as following sequence: 
 
F 5'-CATGAATAGAATAAAAGTTGCAATA-3' 
R 5'-CCCCTTTAACGCTAATACGACGATCAA-3' 
 

Compound used in PCR was 10 mmol of Tris- 
Hcl PH= 8.3, 50 mmol of KCL, 2mmol of magnesium 
chloride, 0.2 mmol of each dNTP, 1 unit of Taq 
polymerase, 10 picomole of each primer and 1μl of 
DNA sample. This mixture was placed in the 
thermalcycler and was underwent primary 
denaturation at 94˚C for 10 minutes, second 
denaturation at 94˚C for 30 seconds, annealing to 
target DNA at 50˚C for 45 seconds and extension at 
72˚C for 30 seconds. Final extension stage was 
followed at 72 ˚C for 10 minutes (31).  
 
2.5. Identification of PCR product 

For assessment of the product of PCR, 1% 
agarose gel prepared and 10 μl of the PCR product 
obtained from S. aureus with 1 μl loading buffer, 
positive control (plasmid obtained from the Pastor 
Institute) and negative control (distilled water) were 
transferred into the wells of gel. Electrophoresis was 
relayed at the voltage 90-100. Then was stained by 
ethidium bromide for 30 minute and the results were 
read by gel document apparatus (32). 
 
3. Results 
Results of sampling: 

Of 1038 samples referred to laboratory, 73 of 
them were identified as S. aureus that are given in 
table 2 as detailed. 
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Table 2: the prevalence of S.aureus isolated from 
clinical samples obtained from patients 

Type of sample No. % 
Wound 14 19.1 
Abscesses 9 12.3 
Pulmonary discharges 8 10.9 
Blood 13 17.8 
Synovial  liquid 5 6.8 
Throat 2 2.7 
Urine 11 15.06 
CSF 1 1.3 
Bone marrow 1 1.3 
Femur discharge 3 1.4 
Trachea 6 8.2 

 
 3.1. Results of Antibiogram 
The resistance of isolates is given in the diagram 1. 
 

  
Diagram 1: Antibiogram results of S. aureus strains 

isolated from Shohada Hospital,Tabriz. 
 
3.2. Results of E-test 

Considering that Antibiogram is not enough for 
determination of resistance of isolates to vancomycin, 
so, using the vancomycin E-test Strips, MIC for 
strains was calculated. In this survey, MIC≤4 was 
considered as susceptible strains, MIC4-8 was 
considered as intermediate strains (VISA) and MIC≥8 
was considered as resistant strains (VRSA) (33). Data 
is given in table 3. 
 
Table 3: results of MIC for vancomycin using E-test 
in S.aureus isolated  from Shohada Hospital, Tabriz. 

code of samples 
MIC 

(μg/ml) 
No. of 
strains 

% 

5-8-9-11-15-17-26-29-33-36-
42-48-49-52-55-63-67-70 

1.5 18 24.6 

1-7-10-14-16-18-25-27-28-30-
32-34-40-43-44-53-54-56-69-

71 
2 20 27.3 

2-13-19-41-45-61-62-65-68-
73 

2.5 10 13.6 

12-35-37-46-50-51-56-58-66 3 9 12.3 
3 3.5 1 1.3 
6 4 1 1.3 

4-21-22-23-38-39-47-57-60 4.5 9 12.3 
20-31 6 2 2.7 

64 8 1 1.3 

 

3.3. Results of assessment of vanA gene by PCR 
Considering MIC= 4.5-8 µg/ml as suspect 

species, number of 12 strain were detected as 
suspected strain using E-test and were selected for 
PCR. In the PCR, of 12 samples, only 1 of them 
showed a band similar to control strain as seen in 
figure 1. So, 1 strain (1.36%) had vanA gene. 

 
Figure 1: analysis of electrophoresis of PCR product 

for vanA gene. 1: 1kb ladder (Fermentase Co.), 2: 
plasmid of standard strain, 3: clinical positive 
samples, 4: negative sample (distilled water) 

 
4. Discussion 

Staphylococcus aureus is one of the important 
human pathogens that in last decades were as 
causative agent of community and hospital acquired 
infections and its resistance is increases against β-
lactams antibiotics and vancomycin (34). After the 
first report of VRSA in Japan in 1997, however 
prevalence of VISA and VRSA strains remained low, 
but in many countries is rising as hVISA (35). There 
are reports that indicate failure of therapy with 
vancomycin caused to emerging hetrogenous 
vancomycin and Intermediate S. aureus strains (36, 
37). In present study, of 73 strains of S.aureus, 19 
strains (26.02%) showed intermediate resistance to 
vancomycin in disk diffusion method.  

In 2006, Hara Krishna et al., using the disk 
diffusion method showed that of 783 strains of S. 
aureus, 6 of them (0.7%) had intermediate resistance 
or was resistant to vancomycin (6). In a study 
conducted by Shahin Najar Pirae et al., (2009), of 174 
strains of S. aureus, intermediate or resistant against 
vancomycin was not reported (38). In the present 
study, 26.02% of the isolates were reported as VISA or 
VRSA that in contrast to the above mentioned studies, 
the most frequency of resistance was shown. 
Considering that disk diffusion method is used widely 
in the diagnostic laboratories but it may show false 
positive and false negative results and also its 
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sensitivity is low against heterogenic strains. On the 
other hands, bacterial load that is inoculated, depth of 
medium and disks used can affect results (38). So, for 
confirmation we have to use tests recommended by 
CDC including reference broth, macro-dilution, 
screening tests in BHI medium with 6 µg/ml 
concentration and finally E-test (38). In the E-test, 11 
of isolates (15.06%) were reported as suspicious for 
VISA that these strains had MIC 4 μg/ml for 
vancomycin and 1strain (1.36%) with MIC 8μg/ml 
was reported as VISA. In this study, for confirmation 
we used all of the 12 samples for electrophoresis of 
vanA gene. Hiramatsu et al., (1997), reported the first 
vancomycin-resistant strains with MIC≥8 µg/ml using 
the E-test from Japan (9). In a research by Ahmadi et 
al., (2008), only 2 strains of hVISA with MIC=4 
µg/ml was reported (39). The first vancomycin-
resistant strains were reported from Japan (9). In 
another study by Hussainzadeghan et al., (2007) it has 
been showed that of 64 S.aureus isolates, 4 (1.33%) 
were identified as intermediate-resistant to 
vancomycin (33). In our study, the E-test result is 
compatible with their findings. In this study, all strains 
were shown MIC> 4 µg/ml selected for identification 
the vanA genes by PCR and only 1 strain (1.36%) 
showed vanA gene. In a study by Aligholi et al., (2008) 
in Tehran, 2 cases (1.34%) were identified as 
vancomycin-resistant Staphylococcus aureus (40). 
Isolating the VanA genes in isolated strains from 
Tabriz Shohada Hospital was an alert for hospital 
authorities. 
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