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Introduction: Methicillin-resistant Staphylococcus anrens (MRSA) can cause serious and life-threatening hospital- and community-
acquired infections. Colonized and infected patients represent the most important reservoir of MRSA in health care facilities.
Therefore, in this study, MRSA isolates collected from Shohada Hospital in Tabriz were evaluated for the frequency of mecA
gene and their antimicrobial susceptibility in a period of three years, from 2010 to 2012. Methods: A total of 182 . aureus isolates
were collected from clinical specimens and first genotypically identified by detection of ##c gene. Antimicrobial susceptibility test
was performed by disc agar diffusion method using cefazolin, methicillin, tetracycline, and cefoxitin according to clinical and
laboratory standards institute (CLSI) recommendation. Phenotypic (cefoxitin 30 ug/disc) and genotypic (e gene detection by
PCR) methods were used for detecting methicillin sensitivity. Results: All isolates expressed S. aurens specific sequence gene
(nne) in their PCR products. Eighty-one (44.5%) isolates were confirmed as MRSA by cefoxitin disc screening test and 97 (53.3%)
isolates by showing the presence of mecA gene. All the methicillin sensitive S. aurens (MSSA) isolates and 64 (66%) MRSA isolates
were found to be susceptible to cefazolin, but 25 (25.8%) MRSA were resistant to tetracycline and cefazolin. Conclusion: The
results of this study showed high frequency (53.3%) of MRSA with no significant differences in rates within the three years of
study, indicating the inefficiency of control programs to care for patients with MRSA. J Med Microbiol Infec Dis, 2014, 2 (3): 105-108.
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INTRODUCTION

Staphylococcus aureus strains had become pandemic in
1950s after becoming resistant to penicillin [1]. Methicillin-
resistance in S. aureus was first reported in 1961, 2 years
after introduction of methicillin for the treatment of
penicillin-resistant-Staphylococcal infections [2, 3], but the
specific gene responsible for methicillin-resistance (mecA)
has not been identified over the next 20 years. This gene

encodes a low-affinity penicillin binding protein (PBP2a) [4].

The mecA gene that is located in a mobile cassette element
improves our understanding of methicillin-resistance
biology and provides an additional tool for clarifying the
evolutionary relationships among methicillin-resistant
Staphylococcus aureus (MRSA) strains [5].

At present, antibiotic resistance is a global problem and
distributed widely in pathogenic bacteria. Emergence of
community-acquired MRSA (CA-MRSA) and hospital-
acquired MRSA (HA-MRSA) isolates has become
increasingly blurred [6]. One of the causes of the success of
S. aureus strains is their high variability, occurring at
different periods and places with different clonal types and
antibiotic resistance pattern. Infections with these resistant
bacteria lead to serious problems in the general population,
especially young children, the elderly, and immunocompr-
omised patients [7]. Furthermore, the MRSA strains carrying
mecA LGA251 (a novel mecA homologue) are present in
different host species other than human and cattle; therefore
MRSA surveillance and control measures seem to be
necessary [8]. Two recommendations are emerging for the
control of MRSA. The first is to screen and treat carriers, and
the second is universally treat everyone and run the
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theoretical risk of exacerbating bacterial resistance and
changing the microbiome of both patient and facility [9].
This study was conducted first to evaluate the presence of
mecA gene and MRSA isolates collected from inpatients
with S. aureus infection in the orthopedic ward of Shohada
Hospital in Tabriz by phenotypic and genotypic methods,
and second to compare the frequency of MRSA in a period
of three years.

MATERIAL AND METHODS

This study was carried out in the department of Medical
Microbiology, Tabriz branch, Islamic Azad University and
Shohada Teaching Hospital, Tabriz, Iran. One hundred and
eighty two S. aureus isolates obtained from different clinical
(blood and wound) specimens, were studied to determine
antimicrobial sensitivity patterns and presence of mecA gene.
Identification of the organism was made by growth in blood
agar, colonial morphology, Gram stain, and positive results
for catalase, coagulase and DNase. Coagulase and DNase
positive staphylococci were considered as S. aureus.
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Antibiotic susceptibility testing was performed using the
Kirby-Bauer disc diffusion method, according to Clinical
and Laboratory Standards Institute (CLSI) recommendation
for screening of MRSA, the test was performed with the
same discs for all the samples, because most of the isolates
were from wound. The used antibiotics included: cefazolin
(30 pg), methicillin (5 pg), tetracycline (30 pg), cefoxitin (30
ng) (Himedia, India), and oxacillin (1 pg) (Padtan Teb, Iran)
[10]. The S. aureus ATCC 25923 was used as control strain
for susceptibility testing.

To extract bacterial genomic DNA, an overnight culture
in LB broth was harvested by centrifugation and processed
according to the procedure of Kalia et al. [11]. The extracted
DNA was stored at -20°C in 50 ul TE buffer for further use.

Genotypic identification of the isolates was done by
tracking the presence of nuc gene. Forward primer sequence
(5-GCG ATT GAT GGT GAT ACG GTT-3') and reverse
primer sequence (5-AGC CAA GCC TTG ACG AAC TAA
AGC-3') were used for amplification of 279 bp region [12].
The condition of PCR for this gene was first described by
Brakstad et al. [12] and modified as follows: an initial
denaturation at 95°C for 3 min, followed by 30 cycles of
initial denaturation at 94°C for 60 s, annealing at 55°C for 30
s, extension at 72°C for 1.5 min, and a final extension at 72°C
for 3.5 min.

For amplification of mecA gene (533 bp), the following
primers were used: forward primer (5'-AAA ATC GAT GGT
AAA GGT GGC-3') and reverse primer (5-AGT TCT GCA
GGT ACC GGA TTT GC-3') [13]. Each reaction mixture
contained 5 pl of master mix buffer (Cinnagen Inc.), 0.5 pul
of forward primer (30 mM), 0.5 pl of reverse primer (20
mM), 1ul of template DNA, and 3 pl of ddH-O.

The PCR condition was described by Al- Ruaily et al.
[13], and modified as follows: an initial denaturation at 94°C
for 3 min, followed by 40 cycles of denaturation at 94°C for
30 s, annealing at 58°C for 30 s, extension at 72°C for 1 min,
and a final extension at 72°C for 5 min. The S. aureus ATCC
29213 and S. aureus ATCC 33591 strains were used as
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negative and positive controls for mecA gene, respectively.
The PCR products of nuc and mecA genes were then
electrophoresed on 1.2% agarose gel, and amplified bands
were analyzed in UV transilluminator system (Intas,
German).

RESULTS

CLSI (2013) [10] has recommended cefoxitin disc
screening test to be used instead of methicillin disc diffusion
test for detection of MRSA, because cefoxitin is a good
inducer of mecA gene. In our study, in disc diffusion method
176 (96.7%) isolates, 27 (14.8%) isolates, and 81 (44.5%)
isolates were identified as MRSA by methicillin, oxacillin,
and cefoxitin discs, respectively. During the period of study
(2010-2012), 43.3%, 39.3%, and 50.8% of the isolates were
identified as MRSA by cefoxitin disc diffusion method.
Sixty-six (36.3%) isolates were resistant to tetracycline and
23 (12.6%) isolates were resistant to cefazolin. In our isolates,
the presence of mecA gene was confirmed in 97 (53.3%)
cases (Figure 1). Table 1 shows antibiotic resistance and
presence of mecA gene in our isolates. No significant
differences were found among the isolates over the three-
year period of the study. Twenty-five (25.8%) isolates of
MRSA were resistant to either tetracycline or cefazolin. Out
of 85 methicillin sensitive S. aureus (MSSA) isolates, 85
(100%) isolates was susceptible to cefazolin, but 25 (29.41%)
isolates showed resistance to tetracycline.

DISCUSSION

S. aureus as an opportunistic pathogen plays an important
role in community- and hospital-acquired infections [14].
Increasing frequency of MRSA poses a serious and growing
global problem [15]. According to CLSI recommendation,
cefoxitin disc screening test is better than methicillin or
oxacillin disc screening test for detection of methicillin-
resistance [10].
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Fig. 1. Results of PCR for mecA gene in S. aurues isolates. Lane 1, Size marker 1 Kb; lane 2, S. aurues ATCC 25923 (negative control);
lane3, S. aurues ATCC 33591 (positive control); lanes 4-21, Clinical isolates positive for mecA gene.
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Table 1. Frequency of antibiotic resistance, presence of mecA gene, and gender of patients in clinical isolates of S. aureus

Finding Percent of isolates per year P-value
2010 2011 2012
Isolates from males 76.7 68.9 62.3 0.23
Isolates from females 23.3 311 37.7 0.23
Resistance to methicillin 96.7 98.4 95.1 0.59
Resistance to oxacillin 11.7 24.5 8.2 0.28
Resistance to cefazolin 10 21.3 6.6 0.21
Resistance to cefoxitin 43.3 39.3 50.8 0.44
Resistance to tetracycline 30 39.3 39.3 0.29
Presence of mecA gene 51.6 62.3 42.6 0.62

The main mechanism of methicillin-resistance in S.
aureus is production of low affinity penicillin-binding
proteins (PBPs), which is identified by the presence of mecA
gene [4-5].

In this study, most of the isolates were collected from
male orthopedic inpatients (126 of 182 isolates). There was
no significant difference in isolation of pathogenic bacteria
over the three-year period of study, which indicates that
programs have been unsuccessful in controlling or reducing
MRSA frequency. The most effective drug was cefazolin,
since 100% of MSSA isolates and 67% of MRSA isolates
were sensitive to this antibiotic. The frequency of MRSA in
Shohada Hospital of Tabriz was determined to be 96.7%,
14.8%, 44.8%, and 53.3% by methicillin disc diffusion
method, oxacillin disc diffusion method, cefoxitin disc
screening test, and PCR for mecA gene, respectively. There
was no significant difference between cefoxitin disc
screening test and PCR for mecA gene. There was a
significance difference between methicillin-resistance
(96.7%) and PCR (53.3%) for mecA gene confirming the
invalidity of this disc in routine sensitivity tests.

Our findings were similar to those of Moghadami et al.
[16] in Shiraz hospitals, which reported 52.7% MRSA, meta-
analysis and systematic review by Askari et al. [17] with
52.7%+4.7% MRSA, Azimian et al. [18] in Tehran hospitals
with 47% MRSA, and Jarvis et al. [19] in the USA with 50%
MRSA in health care facilities. Johson’s study [20] showed
that more than one-third of European countries share >25%
proportion of hospital-acquired infections caused by MRSA.

It is strongly believed that the dissemination of MRSA
clones must be controlled via screening patients by culture
from different sites of body [21], isolation and barrier
nursing by contact precautions, hand hygiene, and frequent
cleaning and disinfection of environmental surfaces in this
teaching hospital.

ACKNOWLEDGEMENT

The authors wish to thank the Faculty of Medicine of
Tabriz Branch, Islamic Azad University and Shohada
Hospital, affiliated to Tabriz University of Medical Sciences.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest
associated with this manuscript.

J Med Microbiol Infec Dis

REFERENCES

1. Roundtree PM, Freeman BM. Infections caused by a particular
phage type of Staphylococcus aureus. Med J Aust. 1956; 42 (5):
157-61.

2. Barber M. Methicillin-resistant staphylococci. J Clin Pathol.
1961; 14: 385-93.

3. Jevons M. Celbenin-resistant staphylococci. Br Med J. 1961; 1
(5219): 124-5.

4. Chambers HF, Deleo FR. Waves of resistance: Staphylococcus
aureus in the antibiotic era. Nat Rev Microbiol. 2009; 7 (9): 629-
41.

5. Ruppé E, Barbier F, Mesli Y, Maiga A, Cojocaru R, Benkhalfat
M, Benchouk S, Hassaine H, Maiga I, Diallo A, Koumaré¢ AK,
Ouattara K, et al. Diversity of staphylococcal cassette
chromosome  mec  structures  in  methicillin-resistant
Staphylococcus epidermidis and Staphylococcus haemolyticus
strains among outpatients from four countries. Antimicrob Agents
Chemother. 2009; 53 (2): 442-9.

6. Hawkey PM, Jones AM. The changing epidemiology of
resistance. J Antimicrob Chemother. 2009; 64 Suppl 1: i3-10.

7. Shittu  AO, Lin J. Antimicrobial susceptibility patterns
characterization of clinical isolates of Staphylococcus aureus in
KwaZulu-Natal province, South Africa. BMC Infect Dis. 2006; 6:
125.

8. Paterson GK, Larsen AR, Robb A, Edwards GE, Pennycott
TW, Foster G, Mot D, Hermans K, Baert K, Peacock SJ, Parkhill
J, Zadoks RN, et al. The newly described mecA homologue,
mecALGA251, is present in methicillin-resistant Staphylococcus
aureus isolates from a diverse range of host species. J Antimicrob
Chemother. 2012; 67 (12): 2809-13.

9. Kavanagh KT, Calderon LE, Saman DM, Abusalem SK. The
use of surveillance and preventative measures for methicillin-
resistant staphylococcus aureus infections in surgical patients.
Antimicrobial Resist Infect Control. 2014; 3: 18.

10. Clinical and Laboratory Standards Institute. Performance
Standards for Antimicrobial Susceptibility Testing; Twenty-Third
Informational Supplement. CLSI document M100-S23. Wayne, PA:
Clinical and Laboratory Standards Institute; 2013.

11. Kalia A, Rattan A, Chopra P. A method for extraction of high-
quality and high-quantity genomic DNA generally applicable to
pathogenic bacteria. Anal Biochem. 1999; 275 (1): 1-5.

12. Brakstad OG, Asbakk K, Maeland JA. Detection of
Staphylococcus aureus by Polymerase Chain Reaction Amplification
of the nuc Gene. J Clin Microbiol. 1992; 30 (7): 1654-60.

13. Al-Ruaily MA, Khalil OM. Detection of (mecA) gene in
methicillin resistant Staphylococcus aureus (MRSA) at Prince A /

107 2014 Vol. 2 No. 3


http://jommid.pasteur.ac.ir/article-1-64-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2025-07-12 ]

RhmanSidery Hospital, Al-Jouf, Saudi Arabia. J Med Genet Genomics.
2011; 3 (3): 41-5.

14. Lowy FD. Staphylococcus aureus infections. N Engl J Med. 1998;
339 (8): 520-32.

15. Herold BC, Immergluck LC, Maranan MC, Lauderdale DS,
Gaskin RE, Boyle-Vavra S, Leitch CD, Daum RS. Community-
acquired methicillin-resistant Staphylococcus aureus in children with
no identified predisposing risk. JAMA. 1998; 279 (8): 593-98.

16. Moghadami M, Japoni A, Karimi A, Mardani M. Comparison of
community and healthcare-associated MRSA in Iran. 1JCID. 2010; 5
(4): 206-12.

17. Askari E, Soleymani F, Arianpour A, Tabatabaei SM, Amini A,
Naderinasab M. Epidemiology of mecA-methicillin  resistant
Staphylococcus aureus (MRSA) in Iran: A systemic review and meta-
analysis. Iran J Basic Med Sci. 2012; 15 (5): 1010-19.

J Med Microbiol Infec Dis

108

Phenotypic and Genotypic Detection of MRSA

18. Azimian A, Najar-pirayeh Sh, Mirab-Samiee S, Naderi M.
Occurrence of methicillin resistant Staphylococcus aureus (MRSA)
among clinical samples in Tehran-lran and its correlation with
polymorphism of specific accessory gene regulator (AGR) groups. Braz
J Micrabiol. 2012; 43 (2): 779-85.

19. Jarvis WR, Jarvis AA, Chinn RY. National prevalence of
methicillin- resistant Staphylococcus aureus in inpatient at United
health care facilities, 2010. Am J Infect Control. 2012; 40 (3): 194-200.

20. Johnson AP. Methicillin-resistant Staphylococcus aureus: The
European landscape. J Antimicrob Chemother. 2011; 66 Suppl 4: iv43-
iv48.

21. Carvalho KS, Mamizuka EM, Gontijo PP. Methicillin/Oxacillin-
resistant Staphylococcus aureus as a hospital and public health threat in
Brazil. Braz J Infect Dis. 2010; 14 (1): 71-6.

2014 Vol. 2 No. 3


http://jommid.pasteur.ac.ir/article-1-64-en.html
http://www.tcpdf.org

