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ABSTRACT

Background and Aims In population, Staphylococcus aureus is present in the nasal vestibule of 35%-50%
and one tenth of these are methicillin resistant S aureus (MRSA). This study aimed to investigates the
prevalence of MRSA nasal carriage among students of Sheikhan-Polytechnique College (Public health and
Medical laboratory technology Department) and Technical Institute (T1). Methods: During December
2018 to February 2019 data collection has been achieved. About 150 students are screened, 66 were males
and 84 females with age ranged (18-24 years). A cross-sectional study was conducted and 150 nasal swabs
were taken from students groups of several grades in various departments (Public Health, Medical
laboratory technology and IT department). The samples were examined through standard
microbiological methods. Antibiotic susceptibility tests for all isolates were checked for methicillin
resistance using disk diffusion agar. Molecular characterization using PCR test targeting mecA gene was
studied. Results: The overall prevalence of MRSA was 27(18%), (12 males and 15 females). High
prevalence found among public health students 12/27(44.4%) followed by information technology
9/27(33.3%) and less 6/27(22.2) cases in laboratory technology students. Students of first grade followed
by second grade of various departments recorded high rates than third and fourth grade (12, 9, 3 and 3,
respectively). Moreover, MRSA was higher among those students that live within their family
19/27(70.3%) than those that live in hostels 8/27(29.6%0) and negative in those that live with family
relatives. Out of 28 MRSA isolate 14(51.8%) were positive for mecA gene and public health students
accounted more carriage 8/14 (57.1%). Conclusions: This study highlighted that students of several
grades of medical study are more carriers and should admit enough information concerning control
measures to limit contaminate with this pathogen.

KEYWORDS: MRSA, Methicillin Resistant Staphylococcus aureus, Nasal swab, mecA gene, Medical
and non-students.

INTRODUCTON

Methicillin Resistant  Staphylococcus
aureus (MRSA) is gram positive

bacteria, normal flora of skin, throat, and nasal

risk for developing infections ranged from mild
skin infections to severe systemic infections like
endocarditis, bacteremia, sepsis, and
osteomyelitis (Jenkins et al., 2015: Zheng et al.,
2015).

nares as a prevalent site (Mat et al., 2014;
Furberg et al., 2016). It is potential pathogen
exhibits wide spectrum of virulence. Their
spreading in the environment might produce
carrier states that classically considered a
source to hospital-acquired MRSA (HA-MRSA)
or community-acquired MRSA (CA-MRSA)
(Vijay et al., 2018). Infections could be
endogenously, infectious bacteria of own
patient’s body, or exogenously, from various
external sources (Kluytmans et al., 2005).
Sometimes carrier states could be at growing
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When B-lactamase enzyme was identified,

soon later methicillin (semi-synthetic
penicillinase-resistant B-lactams) was
synthesized to combat the penicillinase-

producing S. aureus strains. Unfortunately,
MRSA were reported in very short period and
always difficult to treat due to its widespread
resistance to multiple antibiotics (Pantosti et al.,
2007; Ristagno et al., 2018). By clarity, MRSA
strains harbors the mecA gene that encodes the
low-affinity penicillin-binding protein (PBP)
known as PBP2a. The Clinical and Laboratory
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Standards Institute (CLSI) claimed that the
equivalent in sensitivity and specificity of disk
diffusion test based on oxacillin and cefoxitin
resistance are in parallel of the detection of
mecA-mediated resistance in S. aureus (CLSI,
2021). Some researcher’s emphasized on
superiority of PCR targeting of mecA gene over
phenotypic susceptibility test for confirmation of
MRSA strains (Pu et al., 2014; Zakai, 2015)
Medical students during their gradual phases
of study years inside hospitals are being exposed
to patients, the hospital environments and
fomites and at high risk for colonization
(Eveillard et al., 2004: D’Souza et al., 2013).
The main routs of MRSA transmission are
through direct contact with hands , contaminated
stethoscopes ,contaminated body fluid (Jones et
al., 1995), identification badges (Hogue et al.,
2017) , neckties (Asciak et al., 2018), and white
coats (Sande and Basak, 2015). Medical students
exert potential hazardous as a part of the
spreading of MRSA in healthcare community
(Rampal et al., 2020). Since 2008, no data show
any prevalence on MRSA nasal colonization
rates among medical and non-medical students
in Shekhan Polytechnique College of health and
information Technology Institute. This study
aimed to assess and compare prevalence of
MRSA carrier states in medical and non-medical
educated students belong to  Shekhan
Polytechnique College of Health and Technical
Institute in Duhok city, Iraq, in addition to that
detection of mecA gene among positive (MRSA

group).

MATERIALS AND METHODS
A. . Design and setting of study:
A cross sectional study design was conducted in
Sheikhan-Polytechnique College of Health and
Technical Institute. This affiliations located in
Shekhan district, Duhok governorate, Irag. Data
collection was performed from December 2018
to February 2019
B. Ethical Approval: All students that agreed to
participate in the study form were signed and
informed consent was taking. The study was
approved by scientific committee of Sheikhan-
Polytechnique College of Health.
C. Study population and sampling
All students in grades (1-4) belong Sheikhan-
Polytechnique College of Health of both its
departments (Public health and Medical
Laboratory technology) and students in grade (1-
2) of Information Technology department (who
were not exposed in the hospitals)at Technical
Institute were included in this study. Then,
questionnaire regarding demographic data and
health history of students was filled by the
students. The questionnaire consisted of
variables like year of study, age, gender,
department and class, student had ever tested for
MRSA, relation to student’s inhabitant and any
recent antibiotics consumption. A Table (1)
shows ages, genders, departments and classes of
students participated in this study.
D. Inclusion and Exclusion Criteria: The nose
swab (anterior nares) samples were taken from
enrolled students not had clinical symptoms
(pharyngitis, cryptic tonsillitis, sinusitis, otitis
media, and other upper respiratory illnesses) and
those students not taken antibiotics for 3 days
ago and past 6 months were hospitalized.
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Table (1):- Shows Ages ,Genders, Departments and Stages of participated students

Age number percent
18 18 12%
19 30 20%
20 24 16%
21 25 16.7%
22 23 15.3%
23+ 30 20%
Gender
Male 66 44%
Female 84 56%
Department of students
Public health 60 40%
Medical laboratory 38 25.3%
technology
Information technology 52 34.7%
Stage of students
1 68 45.3%
2 48 32%
3 20 13.3%
4 14 9.3%
E. Nasal Swabs: A moisten swab with sterile E. Screen for methicillin  resistance

normal saline was used for collection of
samples from both anterior nares of each
student. Swabs carefully inserted into each
nostril so that the tip is entirely at the nasal
osteum level and gently rolled 5 times, then
inoculated into Amies transport media. Samples
were then processed within 1-3 hours for culture,
and identification through microbiological
methods.

F. Bacterial ldentification: For this purpose,
several media and tests used for the isolation,
identification and testing the susceptibility of the
isolates for common used antibiotics. The media
were: blood (with 5-7% defibrinized blood),
DNase, nutrient, mannitol salt and Mueller-
Hinton agar. Coagulase and catalase tests were
used for the identification. The media prepared
according to manufacturer's instructions and
sterilized by autoclaving at 121°C for 20 min.
The plates were incubated at 37°C for 18-24 hr.
Identification of the isolates done by using
standard procedures as follow:

Morphological characteristics and gram stain to
be performed. To check the growth pattern blood
agar (with 5-7% defibrinized blood), mannitol
salt agar were used. For biochemical
characteristics, DNA  hydrolysis,  sugar
fermentation, coagulase, catalase, oxidase test
and novobiocin disc (5ug) will perform
(Koneman et al, 1992).

staphylococcus strains (MRSA); The methicillin
susceptibility test made with Kirby-Bauer disk
diffusion method according to CLSI (2021)
criteria as described, briefly; a bacterium
suspension in 0.5 McFarland turbidity standards
were prepared from each S. aureus strain. The
plantation made to Mueller-Hinton agar from
these suspensions and the oxacillin disk or
methicillin (1pg)(Oxoid) place to the culture
plates and the plates incubated for 24 hrs at 37°C
in the aerobic medium. The inhibition zones will
interpret in accordance with standards of (CLSI,
2021).
F. Molecular characterization

All isolates of S aureus involved in this study
were subjected to PCR assay. Genomic DNA
extraction was performed according to (Bettin et
al., 2012). Briefly, around 10 colonies of S.
aureus cultivated on Blood agar plate were
suspended into 1 mL of Tris (0.5 M, pH 8.0)
then centrifuged at 13,000 rpm for 5 minutes.
Supernatants were discarded, and pellets were
re-suspended into Tris
ethylenediaminetetraacetic acid (TE) buffer
solution (20 mM Tris, 1 mM
Ethylenediaminetetraacetic acid, pH 8.0) and
boiled at 100°C for 30 minutes. Then the
samples were incubated at 37°C for 20 minutes
and at 65°C for 10 minutes then centrifuged at
13,000 rpm for 15 minutes. Supernatant that
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containing genomic DNA was collected and kept
at -20°C for extended works.

Detection of mecA; Genomic DNA was used
as DNA templates for application of PCR assay
targeting the presence or absence of mecA gene .
To detect the existence of mecA gene; forward
primer (GTGGAATTGGCCAATACAGGAAC)
and reverse primer
(GTTAGTTGAATATCTTTGCCATC) was
used to amplify a product of 502 bp DNA
fragment of the mecA gene. Program of PCR
amplification consisted of: initial denaturation at
95°C for 4 minutes, followed by 35 cycles of
denaturation at 95°C for one minute, annealing
at 54°C for one minute, and extension at 72°C
for one minute, and a final extension at 72°C for
5 minutes. The amplified product was run on 2%
agarose gel electrophoresis and then visualized
(Zakai , 2015).

G. Statistical analysis

Data were analyzed by interning data into
Statistical Package for Social Sciences (SPSS,
version 13) program for Microsoft Word version
2010.
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RESULTS

Generally, out of 150 nasal swabs collected

from enrolled students of  Sheikhan-
Polytechnique College of Health and internet
technology department only 27(18%) were
MRSA as shown in Table 2.
Regarding gender-related MRSA distribution,
female students 15 (55.5%) was higher than male
12(44.5%) students and no statistically
significant correlation found between gender
(p=0.46) in males and (p=0.57) in females.
Moreover, numbers of MRSA among students of
various departments showed that  students of
public health department recorded higher
numbers of MRSA carrier (12 over 60 student
examined) followed by information technology
(9 over 52 student examined), while lowest
number of MRSA carrier found among medical
laboratory technology that was (6 over 38 student
examined) as in in Table (3).

Table( 2): -Frequency of MRSA among gender of students Examined

MRSA nasal swab test gender of students Total
male female
Positive 12 27
Negative 54 123
Total 66 150

Table (3 ):- Frequency of MRSA among students of various departments

MRSA nasal swab test department of students Total
Public health Medical Information
No. (%) laboratory Technology
technology No. (%)
No. (%)
Positive 12 (44.4) 6 (22.3) 9(33.3) 27
Negative 48 (39) 32(26) 43(35) 123
Total 60 52 150

In other words, numbers of MRSA among medical students were higher than those students of non-
medical educated study that unexposed to health fields as in Table (3 and 4)

Table( 4): -Frequency of MRSA among medical and non-medical students

MRSA nasal swab Medical Students Non-Medical Students Total
Public health& Information technology
medical laboratory technology No. (%)
No. (%)
positive 18 (66.7) 9(33.3) 27
negative 80 (65) 43(35) 123
Total 98(63) 52(37) 150
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Table (5) shows numbers of MRSA among
students of various stages and classes, generally;
students of first stage recorded higher number of
MRSA (12) followed by second stage (9), while
both third and fourth stage recorded (3) of each
of them. Furthermore, numbers of students that
previously tested for MRSA in nasal swab, it
appeared that 13 student already tested for
MRSA, 3 of them still considered positive carrier
state as in Table (6).

Prevalence of MRSA carrier states in relation
to various inhabitants of students, higher number
of MRSA were registered among those students
that live with their families, followed by those
lived with friends in student’s hostel and no
MRSA was found among those students that
stayed at family relatives as 19, 8 and O,
respectively (Table 7).

Table (5):- Frequency of MRSA in students of various stages

MRSA nasal swab test stage of college Total
1 2 3 4
positive 12(44.4%) 9(33.3%) 3(11.1) 3(11.1%) 27
negative 56(45.5%) 39(31.8%) 17(13.8%) 11(8.9%) 123
Total 68 48 20 14 150
Table (6): Frequency of students that previously tested for MRSA
Ever tested for MRSA number Percent
Yes 13 8.7%
No 137 91.3%
Total 150 100%
Table (7):- Frequency of MRSA in relation to student’s inhabitant
MRSA nasal swab test Inhabitant Total
with family in hostel with with relative
No. (%) friends family
No. (%) No. (%)
positive 19 (70) 8(30) 0 27
negative 79 (64) 37 (30) 7(6) 123
Total 98 (65) 45(30) 7(5) 150

Based on the PCR assay targeting mecA gene , 14 of 25 (51.8%) isolates were MRSA carrying the
mecA gene and high rate as 8/14 (57.1%) were bearing among public health students (Table 8).

Table (8):- Distribution of mecA gene among students of various departments

department of students Total
Medical
MRSA No. laboratory Information
Public health technology Technology
No.(%) No. (%) No. (%)
Positive mecA 8 (57.1) 4 (28.6) 2(14.3) 14
Negative mecA 4 (30.1) 2(15.4) 7 (54.5) 13

There is a statistically significant correlation
between the prevalence of MRSA in first and
second year study compared with third and
fourth (p<0.05).Moreover, there is statistically
significant correlation between the prevalence of
MSSA in the IT students (not exposed to health
works in hospital) compared with medical
students (p<0.01). Furthermore, there was a
statistically significant correlation between the
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prevalence of MSRA and both living at home
and in hostels (p<0.01).

DISCUSSION
The medical and health educated students
will be handling dealing with many types of

patients within and outside the hospitals. Healthy
carrier state of S aureus MRSA among the
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medical-students is a major problem. They can
disseminate this pathogen to the patients or
vice-versa. In addition it could be transmitting to
their colleagues in college when they working in
the same hospital notably when infection control
measures are compromised. Therefore, limiting
the spread of MRSA can be highlighted by
stressing proper hand hygiene and educating
patients, healthy student’s carriers on MRSA
colonization (Zakai, 2015; Rampal et al., 2020;
Sharma et al., 2020). This study shows that
27/154 ( 18%) of students carried MRSA strains
in their nares, providing evidence that these
strains are swarming in Sheikhan-Polytechnique
College of Health and IT institute. Although the
rate of MRSA carriers among medical students
(Public  health department and Medical
laboratory technology department) was higher
than IT institute students (unexposed to health
works) as 66.7 % and 33.3 %, respectively. The
finding of this study was higher than two studies
conducted in Iraqg performed on medical
students; one in Duhok city that carriage rates
of MRSA was 50% (Yassin and Hassan , 2013)
and other in Krabala city was 40 % (Mohammed
et al., 2015). Data produced from this study
showed that our obtaining results is less than a
study carried out in Baghdad
University/Pharmacy college students that was
90% MRSA colonization (Saeed et al., 2014).
Furthermore, findings of current study was still
higher when compared with to other studies in
surrounding and international countries; in
Turkey 4.4% of medical students were carried
MRSA (Baliga et al., 2008), in Saudi Arabia 6.7
% (Zakai 2015), in India and Iran only one
MRSA isolate was detected over 150 and 108
participated medical students (Vijay et al., 2016:
Sharma et al., 2020), respectively, in Louisiana
3.1% (Bellows et al., 2013) , in Colombia 14 %
(Marin et al., 2015), in Nepal 4% (Ansari et al.,
2016) and in Ethiopia 8.4% (Efa et al., 2019),.
These data can be alarming due to apparently
healthy medical students could also pose a risk
for the frequent and direct transmission and
contact with patients. Multiple causes could play
role of the nasal carriage of MRSA in certain
community setting notably host status,
geographical area, environmental and bacterial
virulence factors (Assafi et al., 2015; Rampal et
al., 2020).

Interestingly, in this study, less prevalence of
MRSA colonization 33.3% was observed among
IT institute students (not exposed to clinical or
health works) compared with medical students.

This could provide proof that common exposure
to MRSA sources in hospitals may play an
important role in successful gaining nasal
colonization by MRSA. This finding was
matching to several studies; Zakai (2015) in
Saudai Arabia claimed no MRSA colonization
was found in 32 control group students who
were not exposed to clinical work. Kitti et al.,
(2011) announced that only (1%) of university
non-medical students were colonized by either
MRSA or MSSA in Thailand put forward that
individuals who are not exposed to the pathogen
are at low risk of nasal colonization. In a
Hungarian study by Laub et al., (2011) on
university  non-medical  students, MRSA
colonization was very less as (0.7%). Assafi et
al.,, (2015) in Iraq stated that (4.2 %) MRSA
colonization was among healthy collegiate non-
medical students. Mentioned results is back to
clear indication that medical students who are
rottenly in contact with hospitals can acquire the
MRSA pathogen during their hospital works
hours inversely, students who are not exposed to
clinical works are less contact with the
pathogens and are at low risk of nasal
colonization. Thus, it is necessary to identify
MRSA carriers and apply educational sessions
for medical students to limit the spread of this
pathogen either in nasal carriage or through
contaminated stethoscopes, identification
badges, neckties, stethoscope, white coats and
even identification badges.

Data of this study regarding MRSA carriage
rates related to students studying years, more
numbers of students in first year study

12/27(44.4%) followed by second year
9/27(33.4%)  were carriers than third
3/27(11.1%)and fourth year students

3/27(11.1%). Dissimilar to Assafi et al., (2015)
in Iraq reported highest nasal carriage 24.7%
was in third year students. Also in study at
Belgrade University, no MRSA carriers were
detected in medical students of first and second
year study, only 0.3 % in third and fourth year
students (Cirkovic et al., 2013). In India,
internship students were more carriage of MRSA
than students of other phases (Vijay et al., 2016).
Another study executed in China claimed first
and second year medical students harbored less
rate of MRSA 9.4% (Xiao et al., 2011). Study
findings in Nepal reported low rate (4%) of
MRSA among first year students (Ansari et al.,
2016). The reasons behind of current results
might be students of third and fourth year are
more committed with frequent wearing gloves
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before coming in contact with patients , proper
application of infection control rules and proper
hand washing during long hour works inside
hospital or health centers than first and second
year students that spend less fixed hours clinical
works.

Obtaining results of current study shows
that main part of the student’s participants of
MRSA carriage (70 %) were belonged to family
and 30 % were living with friends in hostel and
no MRSA carriers detected among students
living with relatives. In contrary to our data,
prevalence of MRSA colonization was higher in
rural resident’s students 20% than urban (13 %)
(Ansari et al., 2016). A number of studies
emphasized on more common transmission and
circulation of MRSA at home (Babb et al,.,
1983; Loh et al., 2000; Perry et al., 2001). The
risks for transmission of MRSA within family
members to another member depend partly on
the length of time the individual carries MRSA
and the number of bacteria that they carry and
shed. Furthermore, the domestic animals may be
colonized (Boost et al., 2008). Moreover,
changing style of life manner such as usual visit
of shopping malls, attending parties and using
public vehicles could come peoples to be in
close contact and chance of transmit this
pathogens to family members(Ansari et al.,
2016). Data of this study revealed that the
13/27(48.1%) MRSA carried-students have
previously tested for nasal MRSA carriage,
3(23%) of them were still positive carriage.
Colonized students are most often transiently
colonized, but they may become persistent
carriers if they have skin lesions that leading to
prolonged MRSA transmission (Debby et al.,
2008). Round about 20 % of individuals could
represent as persistent carriers of MRSA and
near to always carry one Kkind of strain
(Armstrong, 1976). Methicillin
resistant Staphylococcus aureus (MRSA) strains
were once confined to hospitals however, in the
last 20 years MRSA infections have emerged in
the community in people with no prior exposure
to hospitals. Strains causing such infections were
novel and referred to as community-associated
MRSA (CA-MRSA) (Kateete et al., 2019). In
this study, those students (mainly third and
fourth class) that their applications in the
hospitals regularly are considered hospital-
acquired MRSA, while other carriers were
community-acquired MRSA.

Detection of mecA gene using PCR assay in
current study indicated that out of 27 phenotypic

oxacilln resistance isolates 14(52%) were
positive to mecA gene and was statistically
significant. This is a confirmation identification
of MRSA strain. Changing (mutation) of PBP in
bacterial cell wall to other variant such as
PBR2a may explain non detection of mecA gene
among phenotypic oxacilln resistance isolates
(SR et al., 2022). Zakai, (2015) in Saudi Arabia
found 10 (6.8%) isolates of MRSA were
contained mecA gene by PCR that included
phenotypice oxacillin sensitive strains also.
Similarly, Pu et al., (2014) out of 103 S. aureus
isolates 49 (47.6%) harbored mecA gene and
some isolates were susceptible to oxacillin in
disk diffusion test. Recent study in Duhok city,
Iraq (2019) identified (50.4%) MRSA isolates
carrying mecA gene among healthy workers staff
of general hospitals (Hussein et al., 2019).

The study concluded that relatively high
carriers of MRSA were among students of
Duhok Polytechnique University in Shekhan
notably, public health and medical laboratory
students of first and second year compared with
less carriers in IT students that were not exposed
to clinical and medical fields. The study
highlighted on routine screening of MRSA in
Shekhan College particularly among medical
students who might pose a risk to patients |,
hospital personnel and college environments.
Giving of educational sessions on frequent hand
hygiene, patient’s health safety, infection control
managements, and awareness of severity of
MRSA infections would be mandatory. The
study emphasize on application of PCR assay
targeting mecA gene for accurate identification
of MRSA strain besides of phonotypic antibiotic
susceptibly test .

CONFLICT OF INTERESTS

There are no conflicts of interest associated
with this publication.

REFERENCES

Ansari, S., Gautam, R., Shrestha S., Ansari, S.
R., Subedi, S. N., Chhetri, M. R . Risk
factors assessment for nasal colonization of
Staphylococcus aureus and its methicillin
resistant strains among pre-clinical medical
students of Nepal . BMC Res Notes. 2016 ;
9(214) : 2-8.

Armstrong-Esther, C. A. Carriage patterns of
Staphylococcus aureus in a healthy non-
hospital population of adults and children.
Ann Hum Biol. 1976; 3(3): 221-7.

297



298

Journal of University of Duhok., Vol. 25, No.2(Pure and Engineering Sciences), Pp 291-299, 2022

Asciak, P. P., Bhimrao, S . K., Kozak, F. K,
Westerberg, B. D . Health care professionals’
neckties as a source of transmission of bacteria
to patients: A systematic review. CAMJ. 2018
; 6: E26-E30.

Assafi, M. S., Mohammed, R. Q., Hussein, N. R .

Nasal Carriage Rates of Staphylococcus

aureus and  CA-Methicillin  Resistant

Staphylococcus aureus among University

Students. Journal of Microbiology Research.

2015; 5(4): 123-127.

J. R., Davies, J. G., Ayliffe, G. A

Contamination of protective and nurses

uniforms in an isolation ward. J Hosp Infect.

1083 ;4: 149-57.

Baliga, S., Bansil, R., Suchitra, U., Bharati, B.,
Vidyalakshmi, K., Shenoy, S . Nasal carriage
of meticillin-resistant Staphylococcus aureus
in medical students. J Hosp Infect. 2008 ; 68:

Babb,

91-92.
Bellows, C., Smith, A., Wheeler, J., Morici, L .
Nasal Carriage of  methicillin-resistant

Staphylococcus aureus among students at a
Louisiana medical University. Brazillian
Journal of Infectious Diseases. 2013; 17(1):
118-9.

A., Causil, C., Reyes, N Molecular
identification and antimicrobial susceptibility
of Staphylococcus aureus nasal isolates from
medical students in Cartagena, Colombia.
Braz J Infect Dis. 2012; 16: 329-334.

M.V., O’donoghue., M.M., James, A.,
O’donoghue, J. Prevalence of Staphylococcus
aureus carriage among dogs and their owners.
Epidemiol Infect. 2008;136(7):953-64.
Cirkovic, 1., Djukic, S., Vukovic, D., Stevanovic, G.,

Svabic- Vlahovic, M., Stepanovic, S . Nasal

Bettin,

Boost.,

carriage of methicillin-resistant
Staphylococcus aureus among medical
students ofBelgrade University.

SrpArhCelokLek. 2013; 141 (5-6): 349-53.

Clinical and Laboratory Standards Institute (2021).
M100 Performance Standards for
Antimicrobial Susceptibility Testing. 31th ed.
Wayne, Pennsylvania USA.

D’Souza, M., Kotigadde, S., Saralaya,. K V., Kotian,
M. S (2013). Prevalence of Methicillin
Resistant Staphylococcus aureus Carriage
amongst Health Care Workers of Critical Care
Units in Kasturba Medical College Hospital,
Mangalore, India. J Clin Diagn Res. 2013;
7(12) : 2697-700.

Debby, B. D., Leonard, A., Mermel, D. O., ScM,a,,B
y Steve, P. Methicillin-resistant
Staphylococcus aureus transmission: The
possible importance of unrecognized health
care worker carriage. Am J Infect Control.

2008; 36: 93-7.
Efa, F., Alemu Y., Beyene,. G, Gudina, E.K.,
Kebede, w Methicillin-resistant

Staphylococcus aureus carriage among
medical students of Jimma University,
Southwest Ethiopia. Heliyon. 2019; 5: e01191.

Eveillard, M., Martin, Y., Hidri, N., Boussougant, Y.,
Joly- Guillou, M. L . Carriage of Methicillin-
resistant  Staphylococcus aureus among
hospital employees: prevalence, duration, and
transmission to households. Infect Control
Hosp Epidemiol. 2004; 25(2):114-20.

Hogue, M. H., Heilmann, K. P., Callaghan, J J .
Wearing ID Badges in the Operating Room
Environment: Is Reconsideration Warranted? J
Arthroplast. 2017; 32: 2231-2233.

Hussein, N., Salih, R S., Rasheed, N A. Prevalence
of  Methicillin-Resistant ~ Staphylococcus
aureus in Hospitals and Community in Duhok,
Kurdistan Region of Irag. Int J Infect. 2019;
6(2): €89636.

Jenkins, B. A., Diep, T. T, Mai, N. H., Warrener,
V. P., Suzich, J., Stover, C. K.., et al.,
Differential  expression and roles of
Staphylococcus aureus virulence determinants
during colonization and disease. mBio. 2015;
6 (1) : 02272-02214.

Jones, J. S., Hoerle, D., Riekse, R . Stethoscopes: A

Potential Vector of Infection? Ann Emerg
Med. 1995; 26:296-299.
Kateete, D.P., Bwanga, F., Seni, J., Mayanja, R.,

Kigozi, E., Mujuni, B., et al. CA-MRSA and
HA-MRSA coexist in community and hospital
settings in Uganda. Antimicrob Resist Infect
Control. 2019; 8: 94.

Kitti, T., Boonyonying, K., Sitthisak, S . Prevalence
of  methicillin-resistance  Staphylococcus
aureus among university students in Thailand.
Southeast Asian J Trop Med Public Health.
2011, 42: 1498-1504.

Kluytmans, J., Wertheim, H.F. L . Nasal carriage of
Staphylococcus aureus and prevention of
nosocomial infections. Infection. 2005; 33: 3-
8.

Koneman, E.W., Allen S.D., Janda, W.M,,
Schreckenberger, P.C., Winn, W.C. Color
Atlas and  Textbook of  Diagnostic
Microbiology. Philadelphia: JB
Lippincott,1992.

Laub, K., Kardos, S., Nagy. K., Dobay, O . Detection
of Staphylococcus aureus nasal carriage in
healthy young adults from a Hungarian
university. Acta Microbiol Immunol Hung.
2011; 58: 75-84.

Loh, W., Ng, V V., Holton, J. Bacterial flora on the
white coats of medical students. J Hosp Infect.
2000; 45: 65-8.

Marin, L. F., Arciniegas, G. E., Vivas, M. C .
Characterization of Staphylococcus aureus
Isolates That Colonize Medical Students in a
Hospital of the City of Cali, Colombia.
International Journal of Microbiology. 2015;
1:1-6.


https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0551-1#auth-Raymond-Mayanja
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0551-1#auth-Edgar-Kigozi
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0551-1#auth-Edgar-Kigozi
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-019-0551-1#auth-Brian-Mujuni

Journal of University of Duhok., Vol. 25, No.2(Pure and Engineering Sciences), Pp 291-299, 2022

Mat, A N., Pung, H. P., Abdul Rachman, A. R,
Amin Nordin, S., Sarchio, S. N., Suhaili, Z.,
et al.,, . A persistent antimicrobial resistance
pattern and limited methicillin-resistance-
associated genotype in a short-term
Staphylococcus aureus carriage isolated from
a student population. J Infect Publ Health.
2016; 10 (2): 156e164. Sollid, J.U.,
Furberg, A’ S., Hanssen, A M., Johannessen,
M (2014). Staphylococcus aureus:
determinants of human carriage. Infect Genet
Evol. 2016; 21: 531e541

Mohammed, S. H., Hmood,. M.N,, Abd, A A,,
Obaid, S. A., Fahad, B. A., Fatemah, H., et
al., Screening of nasal carriage for
Staphylococcus aureus and their resistance to
oxacillin and cefoxitin among medical
students in Karbala University. J Contemp
Med Sci. 2015; 1( 1): 13-16.

Pantosti, A., Sanchini A., Monaco, M . Mechanisms

of antibiotic resistance in Staphylococcus

aureu. Future Microbiology. 2007; 2:323-234.

C., Marshall, R., Jones, E Bacterial

contamination of uniforms. J Hosp Infect.

2001; 48: 238-41.

Pu, W., Su Y., Li, J., Li, C., Yang, Z., Deng, H. High
incidence of oxacillin-susceptible mecA-
positive Staphylococcus aureus(OS-MRSA)
associated with Bovine mastitis in China.
PLo0S One . 2014; 9: €88134.

Rampal, S., Zainuddin, N. H,,  Elias, N. A,
Jamaluddin, T.Z ., Maniam, S., Teh S.W,,
et al., . Colonization of Methicillin-Resistant
Staphylococcus aureus (MRSA) among
Medical Students in Tertiary Institution in
Central Malaysia. Antibiotics. 2020; 9: 1-9.

Ristagno, E. H., Bryant, K. A, Boland, L. F.,
Boland, G. G., Stout, A. D., Junkins, C. R,
et al, Effect of intranasal mupirocin
prophylaxis on methicillin-resistant
Staphylococcus aureus transmission and
invasive Staphylococcal infections in a
neonatal intensive care unit, Infect. Control
Hosp Epidemiol. 2018; 39 (6) : 741e745.

Saeed, E. N., Al-Deen, H. I., Merdaw, M. A .
Determine Nasal Carriage of Methicillin
Resistant Staphylococcus aureus MRSA in
Young Adult College Student. Iragi J Pharm
Sci. 2014; 23(1) : 83-88.

Sande, S ., Basak, S . White coats: How much safe
are they? Int J Adv Med . 2015; 2: 16.

Sharma, S., Pal, S., Negi, V., Juyal, D., Sharma, M.,
Prakash R . Staphylococcus aureus including
MRSA nasal carriage among hospital exposed
and unexposed medical students. J Family
Med Prim Care. 2020; 9: 4936-41.

SR,. V. P., D'Souza A.O., Vinod, R. Comparison of
Phenotypic and Genotypic Characterization
Methods for the Detection of Methicillin-

Perry,

Resistant Staphylococcus Aureus. Cureus.
2022; 14(3):e23396.
Vijay, C., Kiran,. P.R., Nagaraj, S., Srikanth, N.

S., Rajitha, K. Are medical students and
interns at risk of acquiring methicillin resistant
Staphylococcus aureus (mrsa)?. National
Journal of Community Medicine. 2016; 7:
573-579.

Xiao, X M., Dan,D. S.,, Wang, S.,, Wang, M. L
, Shang, M. H., et al . Nasal carriage of
methicillin-resistant  Staphylococcus aureus
among  preclinical  medical  students:
epidemiologic and molecular characteristics of
methicillin-resistant S, aureus clones. Diagn
Microbiol Infect Dis. 2011; 70(1): 22-30.

Yassin, N. A., Hassan, A. O. Nasal carriage of

methicillin-resistant/sensitive  Staphylococcus

aureus among students in Faculty of Medical

Sciences, Duhok University. Adv Trop Med

Pub Health Int. 2013; 3: 65 - 72.

S.A Prevalence of methicillin-resistant
Staphylococcus aureus nasal colonization
among medical students in Jeddah, Saudi
Avrabia. Saudi Med J. 2015; 36 (7): 807-812.
Zheng, B., lJiang, S.,, Xu, Z., Xiao, Y., Li, L.

Severe infective endocarditis with systemic
embolism due to community associated
methicillin-resistant  Staphylococcus aureus
ST630. Braz J Infect Dis. 2015 ; 19 (1):
85€e89.

Zakali,

299



