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ABSTRACT
Meticillin-resistant S. aureus (MRSA) strains are becoming increasingly important as a ca use of hospital and communityacquired infections. The aim of this study is to compare PCR, gradient tests and automated system which are the methods
for determining methicillin resistance in S. aureus strains.
The study included 50 MRSA strains isolated from various samples (wound, blood, sputum, respiration, abscess,
osteomyelitis, etc.) from the microbiology laboratory of Van Yüzüncü Yıl University Medical Faculty between 2010-2016.
A single isolate was obtained from each patient. In our study, the pres ence of mecA gene in MRSA strains was investigated
by conventional, automated and PCR method s.
The presence of methicillin resistance was found in 49 of 50 MRSA strains which were examined by Oxacillin E-test
method (MIC˃2). All of the strains which were tested by cefoxitin E-test were found resistant to methicillin (MIC˃4).
Vitek 2 automated system detected that all of the strains are resistan t to methicillin. All samples examined by PCR method
were positive, the presence of mecA gene was determined. Sensitivity rate of strains examined by oxacillin E-test method
was 98%, while the susceptibility rate of strains examined by cefoxitin E -test, Vitek 2 automated system and PCR methods
was 100%.
In order to obtain the necessary precautions in hospitals with hi gh MRSA ratio, mecA investigation is of great importance
in achieving the correct results. Since the results of the three methods are almost close to each other, three methods can be
used to determine the correct results.
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Introduction
Methicillin resistant of S. aureus (MRSA) strains as
a
hospital-based
and
community-acquired
infection is becoming of great significance (1).
Since methicillin resistance appeared in 1961 an
important global health problem has been created
(2). Due to their antibiotic resistance, little
children and elderly patients in hospitals and
nursing homes are difficult to treat, particularly
susceptible to MRSA infection. In hospitalized
patients, special applications such as endoscope,
catherization, ventilation and tracheostomy
applied for therapeutic purposes, creates a suitable
environment
for
the
colonization
of
microorganisms, by breaking the immune system.
Furthermore, MRSA causes infection in healthy
children and adults out of hospital (3). Since 1990,
there has been a growth in the number of
community-acquired infections (CA-MRSA) as
well as hospital-based (HB-MRSA) MRSA
infections (4).

The frequency of presence of MRSA can vary
from country to country and even from one unit
to another in a hospital. While the rate of this
infection is 1% in Scandinavian countries, this rate
can reach up to 80% in other countries, such as
Italy and Greece (5). In our country, between the
years 2003-2005, in an antibiotic resistance study,
which determined the ratio of methicillin
resistance among S. aureus isolates, resistance rates
are 43%, 40%, and 35%, respectively (6). In an
infection with
methicillin-resistant MRSA,
treatment options are restricted, also costs,
mortality and morbidity increase. For this reason,
accurate and rapid determination of methicillin
resistance in MRSA strains plays a crucial role in
infection prevention and control and avoidance of
its spread in hospitals (7).
In this research, methicillin resistance detection of
cefoxitin and oxacillin E-test and Vitek-2
automated results in MRSA strains isolated from
various clinical specimens of microbiology
laboratory of Van Yüzüncü Yıl university research
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hospital are compared with Golden Standard PCR
method.

susceptibility, the conduction has been done in
convenient to device operation procedure.
Investigation of methicillin resistance by
molecular method: A colony from the
staphylococcus, incubated in blood agar medium
at 37 C for 24 hours, was taken into a 1.5 ml
sterile tube; After adding 500 ml of distilled water
and being vortexed, 300 microliter were taken
from the mixture and transferred into another
tube; 100 ml lysozyme was added and incubated at
37 C for 30 minutes; Later, isolation process was
started by putting it in Fluorion i12 Nucleic acid
isolation device. PCR method was performed
using primers specific to the mecA as the
responsible gene for methicillin resistance in
staphylococci (mec A1 5’AAA ATC GAT GGT
AAA GGT TGG C 3’ and mec A2 5’AGT TCT
GCA GTA CCG GAT TTG C3’)(8).
Statistical Evaluation: The data obtained were
evaluated in the computer environment SPSS 15.0
statistics package program, accepting Genotype
MRSA method as Gold Standard the specificity
and sensitivity of the phenotype methods were
calculated using the related formulas.
Ethics committee approval: This research is
approved by the Van Yüzüncü Yıl university
noninvasive clinical research ethics committee on
30.11.2016/06.

Materials and Method
Bacterial isolation and collecting specimens
from clinical samples: 50 MRSA strains isolated
from various samples (wound, blood, sputum,
respiration, abscess, osteomyelitis, etc.) from the
microbiology laboratory of medical faculty of Van
Yüzüncü Yıl university, between the years 20102016, were included in the study. A single isolate
was taken at each hospital. Blood culture samples,
Bactec 9642 (Beckton-Dickinson, USA) and
BACT/ALERT 3D (BioMerieux) were incubated
till maximum of 7 days in automated blood culture
devices, till the device gave positive warning.
Bottles with positive stimuli and other culture
samples, being cultivated in 5% sheep blood agar
and EMB agar medium, were incubated in 37 C
for 18-24 hours. In bacterial growth colonies,
identification and antibiotic susceptibility tests
were done using Phoenix automated system
(Becton Dickenson, USA) for the strains with
positive catalase and plasma coagulase tests and
Gram-positive cocci appearance in Gram-staining.
Accordingly, 50 MRSA strains were kept in -80 C
until runtime.
Phenotypic methicillin resistance in S. aureus
strains whose catalase and coagulase tests are
positive were investigated, using gradient test and
strips of oxacillin and cefoxitin. Using Vitek-2
Biometrioux automated system, Oxacillin and
Cefoxitin resistance levels were investigated.
Later, the presence of mec A gene was examined,
using PCR method in our laboratory.
Gradient test (oxacillin and cefoxitin)
methods: In accordance with the 0,5 McFarland
standard of Bacteria, bacterial suspensions were
prepared in serum physiologic and spread over the
surface of Mueller Hinton agar. The plates were
incubated at 35 C for 24 hours after placing the Etest strips of oxacillin and cefoxitin. MIK values
of oxacillin and cefoxitin were determined and
compared to the MIK values recommended by
CLSI. For oxacillin and cefoxitin, 2 MIK values
were accepted as sensitive and 4 MIK values were
considered resistant. S. aureus ATCC 29213 was
used as the control strain.
Resistance and detection in Vitek 2 automated
system: Vitek 2 (BioMerieux, France) automated
system devices was used for the detection of
oxacillin and cefoxitin resistance. For antibiotic

Results
Of the examined MRSA samples, 17 were isolated
from blood (34%), 12 from wound (24%), 9 from
respiratory (18%), 9 from abscess (18%) and 3
from other clinical specimens (6%). In the 50
MRSA strains isolated from patient samples,
conventional method, automated system and PCR
method test results used to determine the
methicillin resistance are shown in table 1.
Of 50 S. aureus examined with oxacillin E-test
method, 49 were discovered as resistant (MIK>2)
and one as sensitive (MIK≤2). All the samples
examined by cefoxitin E-test method were
determined as resistant (MIK>4). When the
automated system results of Vitek 2 were probed,
all of the examined samples were determined to be
resistant to oxacillin and cefoxitin (MIK>4).
Using PCR method, existence of mec A gene was
determined in all of the samples. Based on these
results, the sensitivity of oxacillin E-test method,
with reference to PCR method, is 98% and the
sensitivity of cefoxitin and Vitek 2 automated
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Table 1. Number of strains determined as MRSA according to the method used
Methods
PCR
Gradient
Test
Vitek 2 System

MRSA [mecA (+)]
50
49
50
50
50

Oxacillin (OX)
Cefoxitin (FOX)
Oxacillin (OX)
Cefoxitin (FOX)

MSSA [mecA (-)]
0
1
0
0
0

Table 2. Comparison of sensitivity and specificity of the methods used in the diagnosis of MRSA
Methods
Gradient
Test
Vitek 2 System

Oxacillin (OX)
Cefoxitin (FOX)
Oxacillin (OX)
Cefoxitin (FOX)

system was determined as 100%. The sensitivity
and specificity of the methods used in the
diagnosis of MRSA are given in table 2.

Sensitivity (%)
98
100
100
100

Specificity (%)
100
100
100
100

100% for disc diffusion test of cefoxitin, and
77.3% and 84.6% for disc diffusion test of
oxacillin (18). Junkins et al. mixed Vitek 2 test and
Phonei automated test to detect methicillin
resistance in S. aureus strains. They detected 100%
compatibility between the two methods and in 448
MRSA and 172 methicillin sensitive S. aureus
isolate, the categorical agreement rates with those
obtained with reference methods are 99.7% for
vitek 2 and 99.8% for phoenix (19). In their study
with the 98 Staphylococcus strains, Uzun et al.
detected S. aureus carrying the mecA gene in 60
isolated by PCR.
In 59 of these strains, methicillin resistance was
defined by using cefoxitin disc diffusion and in 61
by using automated system. Using PCA as a
reference method for determination of mecA
gene, in determining the resistance of methicillin,
the sensitivity and specificity of the tests used by
cefoxitin diffusion test were determined as 98.3%,
100%, and for automated system as 100% and
97.4%, respectively (20). Kaya et al. using
automatic system and disk diffusion, discovered
all of the 19 S. aureus strains with positive mecA
gene, methicillin resistant (21). Cirit et al. detected
the rate of mecA gene as 86.6% in 150 S. aureus
strains. Also, in the study they recognized that
methicillin sensitivity results obtained with Vitek2
are completely compatible with the results
obtained with PCR (22). In our research,
compatible with the above literature, mecA gene is
detected by PCR method, the sensitivity and
specificity in S. aureus strains were 98% and 100%
for oxacillin gradient test, 100% and 100% for
cefoxitin gradient test, 100% and 100% for Vitek
2 oxacillin examining test, and 100% and 100%
for Vitek 2 cefoxitin examining test.

Discussion
S. aureus is one of the important factors of
community and hospital-based infections (9).
Nowadays, MRSA strains have become an
important health problem due to the limitations of
treatment options, the cost of antibiotics used in
treatment and infection control measures(10). In a
study, between the years 1992-2003, in which
infections were examined in intensive care units of
the USA, MRSA was detected in 64% of S. aureus
isolation, and the annual increase rate was
discovered to be 3,1% (11). Between years 20062007, the rate of MRSA in the USA was reported
as 79% (12). In the various studies conducted in
Turkey, MRSA visibility is reported at around 30%
(13-15).
In their studies with 139 S. aureus strains in the
susceptible strains of mecA gene with molecular
method, John et al. reported the sensitivity and
specificity of the disc diffusion method of
cefoxitin as 100% and 100%, respectively and for
Vitek 2 cefoxitin test as 100% and 98.9% and for
vitek 2 oxacillin sensitivity as 100% and 98.9%
(16). In 140 S. aureus strains, in their study
comparing disc diffusion test and vitek 2 oxacillin
examining test using molecular method, for
cefoxitin 30mg, Acosta-Pere et al. determined the
sensitivity and specificity values for disk diffusion
test as 97% and 92%, for vitek2 test as 97% and
69%, respectively (17). Tiwari et al. in their study
with 237 S. aureus isolate, determined the
sensitivity and specificity values as 98.5% and
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To sum up, with Gradient test and Vitek 2
automated system, values for the detection of
MRSA are close to each other and the sensitivity
and specificity of the both methods were detected
to be high. Accordingly, for the detection of
MRSA, a molecular method, gradient test
(Oxacillin and Cefoxitin), and Vitek 2 automated
system can be used with confidence.
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