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ABSTRACT

Background and Objectives: Staphylococcus aureus is common pathogen that is associated with many hospital acquired
infections. The virulence of S. aureus is identified with resistance to antibiotics especially to methicillin. Therefore the aims
of the present study were to detect the carrier rates of methicillin-resistant S. aureus (MRSA) among health care Workers
(HCWs) and patients and to compare use of specific chromogenic agar for MRSA culture with PCR for detection of MRSA
genes.

Materials and Methods: Samples obtained were subjected to full microbiological laboratory studies involving culture on
specific chromogenic medium and antibiotics susceptibility testing for detection of MRSA and their resistance rates to other
commonly used antibiotics. Furthermore multiplex PCR was carried out to detect SCCmecA genes.

Results: Staphylococcus aureus was isolated from 70 (29.9%) of the studied subjects. MRSA isolates (n=28) had high resis-
tance rates for the used antibiotics and the most common resistance was for ciprofloxacin and chloramphenicol (57.1% for
each). MRSA was isolated mainly from health care workers (17.02%). The frequency of SCCmecA was 60.7% for type I,
25% for type I1I and 14.3% for type II. Chromogenic agar identified correctly MRSA isolates in 92.9%. PCR was positive in
all isolates with resistance to cefoxitin disc.

Conclusion: The present study highlights that MRSA carriage is common among health care workers in one Egyptian tertia-
ry care hospital. The major genotype of MRSA is belonging to SCCmecA type I followed by type III and type II. ChromID
medium is an accurrate culture method for detection of MRSA compared to molecular method.
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INTRODUCTION is detected both in normal populations and isolated

from several infections (1). There is an emergence

Staphylococcus aureus is a common pathogen that
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of antimicrobial resistance strains especially to
methicillin reported in multiple health care settings
leading to higher morbidity and mortality associated
especially with systemic methicillin-resistant S. au-
reus (MRSA) infections (2, 3).

Thus an importance arises to screen for the source
of MRSA strains in hospitals especially among

82



health care workers (HCWs) and to reduce its prev-
alence. The carrier of MRSA also has been shown
to be associated with infections among HCWs in
certain situations (4). Though these infections are
mild studies have shown that it may turn to be chron-
ic (5).

Thus surveillance of MRSA in health care settings
is an important for good implementation of infection
control policy. Laboratory detection of MRSA is an
important method to confirm carrier states among
patients and HCWs (6, 7) and the implementation of
laboratory screening for MRSA is an important com-
ponent of infection control program (8-11).

Genetic studies for MRSA identified structural
genes responsible for methicillin resistance and it is
known as mecA genes, also referred to as the staphy-
lococcal chromosomal cassette gene SCCmec. There
are three common types of SCCmec4, type I (34 kb),
type II (52 kb), and type III (66 kb). More recently,
a smaller fourth mec element, SCCmec type IV (20
to 24 kb), was independently identified among repre-
sentatives of the pediatric clone and in two commu-
nity-acquired MRSA strains (12, 13).

The use of selective media for rapid detection of
MRSA is an important method with comparable re-
duced cost to more expensive method by molecular
methods.

The chromogenic media use chromogenic sub-
stances incorporated into solid media that change
in color due to presence of specific enzyme produc-
tion by the target bacteria (14). The available media
for MRSA use both chromogenic substances and
antibiotics for differentiation of MRSA (15). Chro-
mlID detects the a-glucosidase enzyme of S. aureus
by producing green colored colonies and inhibits
non MRSA by presence of cefoxitin (4 mg/liter)
(16, 17).

There are studies describing different chromogenic
media for isolation of MRSA (16-21). However, these
studies are usually laboratory based studies (16, 17)
that’s to say not using clinical samples (18, 19) and
not comparing the phenotypic detection of MRSA
with molecular methods for detection of MRSA gen-
otypes.

Therefore the aims of the present study were to
detect the carrier rates of MRSA among HCWs and
patients and to compare phenotypic methods by cul-
ture on specific chromogenic agar for MRSA with
genotypic methods using polymerase chain reaction
for detection of MRSA genes.
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MATERIALS AND METHODS

The study was carried out in Mansoura Universi-
ty hospital, Egypt between July 2015 till December
2015. Mansoura University hospital is a 1500 bed
tertiary teaching hospital. The study included sam-
ples from health care workers and from patients ad-
mitted to different hospital departments. This cross
sectional study was approved by Mansoura Faculty
of Medicine ethical committee and approval written
consents were obtained from the participants of the
study. Sterile swabs moisten in sterile saline were
used for sampling. From each subject two swabs
were used one to obtain samples from both nostrils
and the other swab for throat samples (combinations
of sites increase the sensitivity for MRSA detection).
Swabs were transported immediately to the labora-
tory.

Culture methods. Swabs were cultured on Muel-
ler Hinton broth (Oxoid) with 6.5% NaCl for 24 hours
at 37°C. Then subculture was performed on Colum-
bia agar with 5% sheep blood (bioMérieux, France)
and chromogenic medium MRSA-ID (bioMérieux,
France) for 24 hours at 37°C. Colonies on both media
were identified by Gram stainting, coagulase test and
catalase reaction and color of colonies on ChromID
agar were inspected for presence of green colonies.
Purified colonies were obtained and stored at -20°C
for further multiplex PCR for detection of SCCmecA
genes.

Cefoxitin disc screen test for detection of
MRSA. Susceptibility of S. aureus isolates to
cefoxitin (30 pg) (BioRad, USA) was performed by
the disc diffusion method on Mueller-Hinton agar
plates (Oxoid) using a bacterial suspension equiva-
lent to a 0.5 McFarland standard. Plates were incu-
bated at 35°C for 24 hours. Results were interpreted
according to CLSI (2013) guidelines (22). The inter-
pretive criteria for cefoxitin were: S. aureus, sensi-
tive >22 mm and resistant <21 mm.

S. aureus isolates resistant to cefoxitin disc were
reported as MRSA. This is according to the rec-
ommendation of the CLSI that recommends the
use of the cefoxitin that allows the growth of all
MRSA strains (more potent inducer of mecA ex-
pression than other agents) and the inhibition
of all methicillin-sensitive S. aureus (MSSA) strains
and this test was validated in wide surveillance pro-
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gram (23).

Antimicrobial susceptibility testing of MRSA.
The MRSA isolates were tested for antibiotic sus-
ceptibility by disc diffusion test using the following
discs: chloramphenicol (30 pg), ciprofloxacin (5 pg),
clindamycin (2 pg), fusidic acid (10 pg), gentamycin
(10 pg), erythromycin (15 pg), imipenem (10 ug), ri-
fampicin (5 pg), tetracycline (30 pg), trimethoprim/
sulfamethoxazole (1.25 + 23.75 pg) and vancomycin
(30 pg) (BioRad, USA). The rates of susceptibility
and resistance of isolated MRSA strains to the used
antibiotic discs were detected.

Multiplex PCR for SCCmecA gene. DNA was
extracted from MRSA strains using DNA extraction
kit (Qiagen, USA) according to the manufacturer’s
instructions. The multiplex PCR was performed to
detect three loci A, B and E of mecA gene for SCC-
mec types I, IT and III. The primers used are present-
ed in Table 1.

The amplification reaction was carried out in 50
ul volume containing 5 ul of extracted DNA; Ix
PCR buffer; 200 uM (each) deoxynucleoside triphos-
phate; 400 nM concentrations of primers CIF2F2,
CIF2 R2 (for locus A), 200 nM concentrations of
primers KDP F1, KDP R1 (for locus B) and 200 nM
concentrations of primers RIF4 F3, RIF4 R9 (for
locus E); 1.25 U of AmpliTaq. PCR amplifications
were performed in a DNA Thermal Cycler 480 (Ap-
plied Biosystems) under the following conditions:
initial denaturation at 94°C for 4 min followed by
30 cycles (denaturation at 94°C for 30 s, annealing
at 53°C for 30 s, and extension at 72°C for 1 min)
then final extension at 72°C for 4 min. The ampli-
fied PCR products were visualized by 2% agarose gel
electrophoresis stained with ethidium bromide
(0.5pg ml') and examined under UV trans-illumina-
tion (24).

Table 1. The sequence of primers used.

Statistical analysis. Data entry and analysis were
performed using SPSS version 16 (SPSS Inc., Chica-
go, IL, USA). The data were expressed as mean+SD
and percentages. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) were calculated.

RESULTS

The study included 234 subjects. They were 140
patients (59.8%) admitted mainly in surgical depart-
ments (42.9%). Health care workers were 94 (40.2%).
S. aureus was isolated from 70 (29.9%) of the studied
subjects (Table 2).

MRSA isolates were identified in the present study
by cefoxitin screening test. The isolated MRSA rep-
resented 40% (28/70) from isolated S. aureus.

Isolated MRSA had high resistance rates for the
used antibiotics. The most common resistance rates
were for ciprofloxacin and chloramphenicol (57.1%
for each), followed by resistance to erythromycin,
clindamycin, trimethoprim-sulfamethoxazole and
vancomycin (50% for each) (Table 3). MRSA were
isolated mainly from 17.02% of the health care work-
ers (16 isolates), while isolated from 8.6% of the pa-
tients (12 isolates).

The frequency of SCCmecA of MRSA was 60.7%
for type I, 25% for type III and 14.3% for type II
(Fig. D).

Chromogenic agar identified correctly MRSA
isolates in 92.9% (26/28) and non MRSA isolates in
19.04% (8/42). PCR was positive in all isolates with
resistance to cefoxitin disc (n=28) (Table 4).

The sensitivity, specificity, positive predictive
value and negative predictive value of chromogen-
ic medium compared to PCR in detection of MRSA
were 92.9%, 84%, 76.5% and 95.5% respectively
(Table 5).

Locus Primer sequence Amplicon size (bp) SCCmec type
A CIF2 F2 [5-TTCGAGTTGCTGATGAAGAAGG-3'] 495 I
CIF2 R2 [5'-ATTTACCACAAGGACTACCAGC-3']
B KDP F1 [5-AATCATCTGCCATTGGTGATGC-3'] 284 11
KDP R1 [5'-CGAATGAAGTGAAAGAAAGTGG-3"]
E RIF4 F3 [5-GTGATTGTTCGAGATATGTGG-3'] 243 I

RIF4 R9

—

5'-CGCTTTATCTGTATCTATCGC-3']
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Table 2. Demographic and microbiological results of the
studied subjects (n=234)

Descriptive data No. (%)
Gender

Male 96 (41.02%)
Female 138 (58.9)
HCWs 94 (40.2)
Patients 140 (59.8)
Surgical wards 60 (42.9%)
Medical wards 40 (28.6%)
ED 40 (28.6%)
Staphylococcus aureus isolates 70 (29.9%)

ED: Emergency Departments

Table 3. Antibiotics resistance among MRSA isolates
(n=28).

Antibiotics No (%)
Gentamycin 12 (42.9%)
Ciprofloxacin 16 (57.1%)
Erythromycin 14 (50%)
Clindamycin 14 (50%)
Chloramphenicol 16 (57.1%)
Tetracycline 10 (35.7%)
Rifampicin 10 (35.7%)
Fusidic acid 12 (42.9%)
Imipenem 4 (14.3%)
Trimethoprim-Sulfamethoxazole 14 (50%)
Vancomycin 14 (50%)

Table 4. Comparison between MRSA and non MRSA iso-
lates regarding the detection methods.

Detection methods MRSA Non MRSA
(n=28) (n=42)

Chromogenic agar growth 26 (92.9%)  8(19.04%)

PCR positive 28 (100%) 0 (0%)

Table 5. Statistical analysis of chromogenic medium com-
pared to PCR for detection of MRSA

Method of Sensitivity Specificity PPV NPV
Detection
ChromID medium 92.9% 84%  76.5% 95.5%

PPV: Positive predictive value

NPV: Negative predictive value

http://ijm.tums.ac.ir
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Fig. 1. The frequency of SCCmec types among MRSA.

DISCUSSION

Methicillin-resistant S. aureus (MRSA) presents
a major problem in hospital infection and infection
control because of resistance to multiple antibiotics.
Furthermore, there are particular strains with an evi-
dent capacity for spread once introduced (2). The ear-
ly identification of MRSA carriers is essential for the
implementation of decontamination and isolation
measures in order to prevent the dissemination of
MRSA in health care facilities (16).

In the present study, the frequency of isolated MRSA
among S. aureus as detected by cefexitin disc test was
40% (28/70). Variable prevalence of MRSA among
S. aureus isolated from hospitals was reported and
ranged from 5.5% up to 44.1% (25-27). The high
prevalence of MRSA in the present study may be at-
tributed to the inefficient knowledge and practice of
infection control policies.

The most common resistance rates among MRSA
isolates were for ciprofloxacin and chloramphenicol
(57.1% for each), followed by resistance to erythro-
mycin, clindamycin, Trimethoprim-sulfamethoxazole
and vancomycin (50 % for each).

Udo et al. (2006) (28) reported similar findings with
antibiotics resistance of MRSA to different types of
antibiotics generations like chloramphenicol, tri-
methoprim, ciprofloxacin, aminoglycosides, erythro-
mycin, tetracycline, fusidic acid, rifampicin, but they
were susceptible to vancomycin. However, a recent
study done by Hasan et al. (2016) (29) found 52% of
MRSA isolates were resistant to vancomycin by the
disc diffusion method. These results may be attributed
to the presence of plasmid carrying multidrug resis-
tance in MRSA to various types of antibiotics (30-32).

Emergence of vancomycin-resistant S. aureus
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(VRSA) may be due to the widespread use of van-
comycin as being the first line drug in treatment of
infections caused by MRSA, surgical procedures
and involvement of health care workers infected or
colonized with MRSA (29) which could explain the
presence of high resistance rate to vancomycin in this
study.

The main sources of MRSA causing hospital ac-
quired infections are the colonized HCWs, patients
and environmental objects (33).

In the present study MRSA was isolated significant-
ly mainly from health care workers (17.02%). There
are different reported rates for isolation of MRSA
from health care workers that range from 0% to 59%
(4, 34). This wide ranges of difference is attributed
to many factors that influence the isolation rates of
MRSA among these factors are the duration of the
study, difference in the study design and the difference
in isolation media used for each study, local infection
control standards, and the local prevalence of MRSA
(35-37).

From patients MRSA was isolated from 8.6%. Pre-
vious studies reported carrier rates of MRSA among
patients to range from 10% up to 23.1% isolation rates
(34, 36). The source of MRSA carrier in patients may
be from community strains (36).

In the present study the most frequent SCCmecA
genotypes were type I followed by type III and type II.

Previous studies reported different distribution of
SCCmecA genotypes variance rates, in Brazil. Pache-
co et al. (2011) (38) found that the main SCC mec
types were mainly type IV (50%) and SCCmec type
IIT (46%) and one had an indeterminate type among
the hospital-acquired MRSA cases, while other study
done by Caiaffa-Filho et al. (2013) (39) in the same
country reported that SCCmec type II predominat-
ed followed by type IV and III. It is obvious that the
genotypes of MRSA differ according to different
hospitals rather than the difference in geographical
locations.

PCR was positive in all isolates identified as MRSA
by screening test. Previous study from Egypt identi-
fied positive PCR for mecA in (94%) of 29 isolates
(40). The high frequency of positive PCR in the pres-
ent study may be attributed to the use of multiple
primers sequences to detect different SCCmec types.

The sensitivity, specificity, positive predictive value
and negative predictive value of chromogenic medium
compared to PCR in detection of MRSA were 92.9%,
84%, 76.5% and 95.5% respectively. It has been re-
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ported previously that though the molecular methods
for detection of MRSA is superior to that of chromo-
genic media (41) regarding rapid results, this method
has many limitations. The major disadvantage of PCR
is its higher costs and its need for special expertise
in its use. On the other hand the use of chromogenic
media as screening method has good sensitivity and
specificity beside its lower costs (42). The final deci-
sion which method to be used as a screening method
depends upon several factors like hospital turnover,
the cost of the culture and technical expertise. The
low cost of chromogenic media encourage its use as a
screening method for MRSA.

The subjects only represent the population in certain
locality in Egypt. A larger study covering all Egyp-
tian hospitals are mandatory to screen for the source
of MRSA strains in hospitals especially among health
care workers. Wide scale studies are recommended to
detect the carrier rates of MRSA among both patients
and health care workers in our locality. Thus we can
decide the appropriate management of these condi-
tions and whether or not to implant surveillance sys-
tem to detect carrier rates among patients.

The present study highlights that MRSA carriage is
common among health care workers in one Egyptian
tertiary care hospital. Patients also have demonstrable
carrier rates of MRSA. The major genotype of MRSA
is belonging to SCCmecA genotype I followed by type
T and type II. ChromID medium is an accurrate cul-
ture method for detection of MRSA compared to mo-
lecular method. Larger studies scales are required to
demonstrate the impact of implementation of surveil-
lance system for MRSA on infection control policies.

FUNDING

This study was self-funded from participating au-
thors.

REFERENCES

1. Lowy FD. Staphylococcus aureus infections. N Engl J
Med 1998;339:520-532.

2. Witte W, Kresken M, Braulke C, Cuny C. Increasing
incidence and widespread dissemination of methicil-
lin-resistant Staphylococcus aureus (MRSA) in hospi-
tals in central Europe, with special reference to Ger-
man hospitals. Clin Microbiol Infect 1997;3:414-422.

http://ijm.tums.ac.ir



3. Muto CA. Methicillin-resistant Staphylococcus aureus
control: we didn't start the fire, but it's time to put it out.
Infect Control Hosp Epidemiol 2006;27:111-115.

4. Albrich WC, Harbarth S. Health-care workers: source,
vector, or victim of MRSA? Lancet Infect Dis
2008;8:289-301.

5. Haamann F, Dulon M, Nienhaus A. MRSA as an occu-
pational disease: a case series. Int Arch Occup Environ
Health 2011;84:259-266.

6. Chaberny IF, Sohr D, Ruden H, Gastmeier P. Develop-
ment of a surveillance system for methicillin-resistant
Staphylococcus aureus in German hospitals. Infect
Control Hosp Epidemiol 2007;28:446-452.

7. Marshall C, Wesselingh S, McDonald M, Spelman D.
Control of endemic MRSA-what is the evidence? A
personal view. J Hosp Infect 2004;56:253-268.

8. Muto CA, Jernigan JA, Ostrowsky BE, Richet HM, Jar-
vis WR, Boyce JM, et al. SHEA guideline for prevent-
ing nosocomial transmission of multidrug-resistant
strains of Staphylococcus aureus and Enterococcus.
Infect Control Hosp Epidemiol 2003;24:362-386.

9. Simon A, Exner M, Kramer A, Engelhart S.
Implementing the MRSA recommendations made by
the Commission for Hospital Hygiene and Infection
Prevention (KRINKO) of 1999 - current considerations
by the DGKH Management Board. GMS Krankenhhyg
Interdiszip 2009;4(1): doi: 10.3205/dgkh000127.

10. Commission for Hospital Hygiene and Infection
Prevention at the Robert Koch-Institute. Recommen-
dations for the prevention and control of methicil-
lin-resistant Staphylococcus aureus isolates (MRSA)
in hospitals and other healthcare facilities. GMS
Krankenhhyg Interdiszip 2009 9;4(1):Doc01. doi:
10.3205/dgkh000126.

11. Andersen BM, Rasch M, Syversen G. Is an increase of
MRSA in Oslo, Norway, associated with changed in-
fection control policy? J Infect 2007;55:531-538.

12. Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto
K, Tiensasitorn C, et al. Structural comparison of three
types of staphylococcal cassette chromosomemec in-
tegrated in the chromosome in methicillin-resistant
Staphylococcus aureus. Antimicrob Agents Chemother
2001;45:1323-1336.

13. Ito T, Katayama Y, Hiramatsu K. Cloning and nucleo-
tide sequence determination of the entiremec DNA of
pre-methicillin-resistant Staphylococcus aureus N315.
Antimicrob Agents Chemother 1999;43:1449-1458.

14. Perry JD, Freydiere AM. The application of chromo-
genic media in clinical microbiology. J App! Microbiol
2007;103:2046-2055.

15. Malhotra-Kumar S, Haccuria K, Michiels M, Ieven M,
Poyart C, Hryniewicz W, et al. Current trends in rap-
id diagnostics for methicillin-resistant Staphylococcus
aureus and glycopeptide-resistant enterococcus spe-

http://ijm.tums.ac.ir

GENETIC AND PHENOTYPIC STUDY OF MRSA

cies. J Clin Microbiol 2008;46:1577-1587.

16. Nonhoff C, Denis O, Brenner A, Buidin P, Legros N,
Thiroux C, et al. Comparison of three chromogenic
media and enrichment broth media for the detection
of methicillin-resistant Staphylococcus aureus from
mucocutaneous screening specimens: Comparison of
MRSA chromogenic media. Eur J Clin Microbiol In-
fect Dis 2009; 28:363-369.

17. Malhotra-Kumar S, Abrahantes JC, Sabiiti W, Lam-
mens C, Vercauteren G, Ileven M, et al. Evaluation of
chromogenic media for detection of methicillin-re-
sistant  Staphylococcus aureus. J Clin Microbiol
2010;48:1040-1046.

18. Van Vaerenbergh K, Cartuyvels R, Coppens G, Frans
J, Van den Abeele AM, De Beenhouwer H, et al. Per-
formance of a new chromogenic medium, BBL CHRO-
Magar MRSA II (BD), for detection of methicillin-re-
sistant Staphylococcus aureus in screening samples. J
Clin Microbiol 2010;48:1450-1451.

19. Verkade E, Ferket M, Kluytmans. Clinical evaluation
of Oxoid Brilliance MRSA agar in comparison with
bioMerieux MRSA ID medium for detection of live-
stock-associated methicillin-resistant Staphylococcus
aureus. J Med Microbiol 2011;60:905-908.

20. Perry JD, Davies A, Butterworth LA, Hopley AL,
Nicholson A, Gould FK. Development and evaluation
of a chromogenic agar medium for methicillin-resistant
Staphylococcus aureus. J Clin Microbiol 2004;42:4519-
4523.

21. Nahimana I, Francioli P, Blanc DS. Evaluation of three
chromogenic media (MRSA-ID, MRSA-Select and
CHROM agar MRSA) and ORSAB for surveillance
cultures of methicillin-resistant Staphylococcus au-
reus. Clin Microbiol Infect 2006;12:1168-1174.

22. Performance Standards for Antimicrobial Susceptibili-
ty Testing. 23rd Informational Supplement (M100-S23)
Wayne, PA: Clinical and Laboratory Standards Insti-
tute; 2013.

23. Pottumarthy S, Fritsche TR, Jones RN. Evaluation of
alternative disk diffusion methods for detecting me-
cA-mediated oxacillin resistance in an international
collection of staphylococci: validation report from the
SENTRY Surveillance Antimicrobial Program. Diagn
Microbiol Infect Dis 2005;51:57-62.

24. Oliveira DC, de Lencastre H. Multiplex PCR strat-
egy for rapid identification of structural types and
variants of the mec element in methicillin-resistant
Staphylococcus aureus. Antimicrob Agents Chemother
2002;46:2155-2161.

25. Ahmed MO, Elramalli AK, Amri SG, Abuzweda AR,
Abouzeed YM. Isolation and screening of methicil-
lin-resistant Staphylococcus aureus from health care
workers in Libyan hospitals. East Mediterr Health J
2012;18:37-42.

IRAN. J. MICROBIOL. Volume 9 Number 2 (April 2017) 82-88 87



WALAA OTHMAN ELSHABRAWY ET AL.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

88

Khalili MB, Sharifi-Yazdi MK, Dargah H, Sadeghian
HA. Nasal Colonization rate of Staphylococcus au-
reus strains among Health Care Service Employee’s of
Teaching University Hospitals in Yazd. Acta Medica
Iranica 2009;47:315-317.

Ghasemian R, Najafi N, Shojaei Far A. Prevalence of
Staphylococcus aureus carriages among Razi health
care workers of Ghaemshahr, Iran. Mazandaran Uni
Med J2004;44:79-85.

Udo EE, Al-Sweih N, Mokaddas E, Johny M, Dhar R,
Gomaa HH, et al. Antibacterial resistance and their ge-
netic location in MRSA isolated in Kuwait hospitals,
1994-2004. BMC Infectious Diseases 2006;6:168.
Hasan R, Acharjee M, Noor R. Prevalence of vanco-
mycin resistant Staphylococcus aureus (VRSA) in
methicillin resistant S. aureus (MRSA) strains isolated
from burn wound infections. Tzu Chi Medical Journal
2016;28:49-53.

Grubb WB. Genetics of MRSA. Rev Med Microbiol
1998;9:153-162.

Grubb WB, Townsend DE, Ashdown N, Tjia T, Mc-
Glashan C, Leng T. Genetic analysis of methicillin-re-
sistant Staphylococcus aureus from Singapore hospi-
tals. Eur J Clin Microbiol Infect Dis 1986;5:728-730.
Gillespie MT, Lyon BR, Skurray RA. Typing of
methicillin-resistant Staphylococcus aureus by an-
tibiotic resistance phenotypes. J Med Microbiol
1990;31:57-64.

Kirecci E, Miraloglu MA. Research of nasal methi-
cillin resistant/ sensitive Staphylococcus aureus and
pharyngeal beta-hemolytic streptococcus carriage in
Midwifery students in kahramanaras. Turkey Ethiop J
Health Dev 2010;24:57-60.

Cirkovic I, Stepanovic S, Skov R, Trajkovic J, Grgurev-
ic A, Larsen AR. Carriage and Genetic Diversity of
Methicillin-Resistant Staphylococcus aureus among
Patients and health care Workers in a Serbian Universi-
ty Hospital. PLoS ONE 2015;10:¢0127347.

Shibabaw A, Abebe T, Mihret A. Nasal carriage rate

IRAN. J. MICROBIOL. Volume 9 Number 2 (April 2017) 82-88

36.

37.

38.

39.

40.

41.

42.

of methicillin resistant Staphylococcus aureus among
Dessie Referral Hospital Health Care Workers; Dessie,
Northeast Ethiopia. Antimicrob Resist Infect Control
2013;2:25.

Chipolombwe J, Torok ME, Mbelle N, Nyasulu P.
Methicillin-resistant Staphylococcus aureus multiple
sites surveillance: a systemic review of the literature.
Infect Drug Resist 2016;9:35-42.

Gebreyesus A, Gebre-Selassie S, Mihert A. Nasal and
hand carriage rate of methicillin resistant Staphylo-
coccus aureus (MRSA) among health care workers
in Mekelle Hospital, North Ethiopia. Ethiop Med J
2013;51:41-47.

Pacheco RL, Lobo RD, Oliveira MS, Farina EF, Santos
CR, Costa SF, et al. Methicillin-resistant Staphylococ-
cus aureus (MRSA) carriage in a dermatology unit.
Clinics 2011;66:2071-2077.

Caiaffa-Filho HH, Trindade PA, Gabricla da Cunha P,
Alencar CS, Prado GV, Rossi F, et al. Methicillin-re-
sistant Staphylococcus aureus carrying SCC mec type
II was more frequent than the Brazilian endemic clone
as a cause of nosocomial bacteremia. Diagn Microbiol
Infect Dis 2013;76:518-520.

Ahmed EF, Gad GF, Abdalla AM, Hasaneen AM,
Abdelwahab SF. Prevalence of methicillin resistant
Staphylococcus aureus among Egyptian patients
after surgical interventions. Surg Infect (Larchmt)
2014;15:404-411.

Bischof LJ, Lapsley L, Fontecchio K, Jacosalem D,
Young C, Hankerd R, et al. Comparison of Chromo-
genic Media to BD GeneOhm Methicillin-Resistant
Staphylococcus aureus (MRSA) PCR for Detection
of MRSA in Nasal Swabs. J Clin Microbiol 2009; 47:
2281-2283.

KogakTufan Z, Irmak H, Bulut C, Cesur S, Kinikli
S, Demir6z AP. The effectiveness of hand hygiene
products on MRSA colonization of health care work-
ers by using CHROMagar MRSA. Mikrobiyol Bul
2012;46:236-246.

http://ijm.tums.ac.ir



