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Abstract
Background and objective: Healthcare workers have been identified as the source of
infection in many outbreaks of methicillin-resistant Staphylococcus aureus in the hospital
environment. Therefore, we aimed to demonstrate the prevalence of nasal carriage of
methicillin-resistant Staphylococcus aureusand their antibiotic resistance patterns among
healthcare workers.
Methods: A cross-sectional study was carried out on a total of 94 healthcare workers at
Nanakaly hospital. Nasal swabs were collected and cultured on Mannitol Salt Agar.
Staphylococcus aureus was identified by Gram's stain, catalase test, and coagulase test.
Staphylococcus aureus isolates were confirmed as methicillin-resistant Staphylococcus
aureus using cefoxitin (30 μg) disc diffusion test. Antibiotic susceptibility was performed
according to the Kirby-Bauer disc diffusion method.
Results: A total of 23 (24.5%) healthcare workers were nasal carrier for Staphylococcus
aureus, and the overall methicillin-resistant Staphylococcus aureus carriage rate was
8.5%. There was no statistically significant difference between the gender (P = 0.29), age
(P = 0.29), and occupations (P = 0.721) and the nasal carriage of methicillin-resistant
Staphylococcus aureus and methicillin-sensitive Staphylococcus aureus. All isolates of
methicillin-resistant Staphylococcus aureus and methicillin-sensitive Staphylococcus
aureus were sensitive for linezolid and mupirocin. The highest resistance rate for both
erythromycin and clindamycin (75%) was noted among the methicillin-resistant
Staphylococcus aureusstrains, while the highest resistance rate in methicillin-sensitive
Staphylococcus aureus strains was penicillin (72.5%), erythromycin (20%) and
ciprofloxacin (13.3%).
Conclusion: Healthcare workers were the potential colonizers of methicillin-resistant
Staphylococcus aureus. So regular screening of the healthcare workers is one of the
effective methods to reduce and control of methicillin-resistant Staphylococcus aureus in
any health care facility and applying the appropriate preventive measures will prevent
transmission of methicillin-resistant Staphylococcus aureusto other contact patients.
Keywords: Methicillin-resistant Staphylococcus aureus; Healthcare workers; Antibiotic
susceptibility profiles; Erbil.
Introduction

resistance genes.³ In the 1940s, penicillin
was introduced for the treatment of
infection; as early as 1942, strains of
S. aureus resistant to penicillin had
been detected in hospitals. Within two
decades, up to 80% of both hospital and
community-acquired S. aureus isolates
were penicillin resistant. The introduction of
methicillin in 1961 was rapidly followed
by reports of methicillin-resistant in

Staphylococcus aureus (S. aureus) is
a major human pathogen that
causes the abroad range of serious
community-acquired and nosocomial
diseases in humans, from minor skin
infections to severe infections such as
septicemia.1,2 The widespread use of
antibiotics has led to the emergence of
strains that systematically acquire multiple
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S. aureus.4 Today, methicillin-resistant
Staphylococcus aureus (MRSA) strains are
found worldwide, and it is resistant
to all other beta-lactam antibiotics
including penicillins, cephalosporins,
and cephamycins except ceftaroline.
Additionally, MRSA is often resistant to
other classes of antimicrobials, including
aminoglycosides, macrolides, and
quinolones. Thus, MRSA is not only
methicillin-resistant
but
is
also
multidrug-resistant.5 Most S. aureus
infections occur in persons who are
colonized with the organism. S. aureus
carriage has long been known to be one of
the most strongly associated risk factors for
subsequent infection.6,7 Elegantly designed
studies performed during the early 20th
century identified the anterior nares as the
most consistent site of staphylococcal
colonization.8,9 Presence of S. aureus nasal
colonization can provide an indication of
a higher risk for subsequent infection,
including with MRSA.10,11 The other risk
factor for MRSA infection in the inpatient
setting is a compromised immune system.
Those most at risk for infection are
infants,12 the elderly,13 the chronically ill,14
burn survivors, organ transplants
recipients,12 cancer patients receiving
chemotherapy agents, steroid users,15
diabetic patients, intravenous drug users,
and those with AIDS.16 Additional risk
factors for hospital-acquired (HA-MRSA)
infection include the length of stay in the
hospital, exposure to antibiotics,17 and
exposure to people infected with MRSA.18
The role of healthcare workers (HCWs) in
the nosocomial transmission of MRSA has
been widely reported and discussed with
many studies citing HCWs as a source
of nosocomial transmission of MRSA in
developing countries.19 Although efforts to
prevent MRSA transmission and infection
in the most developed countries receive
major research funding, the extent of the
MRSA problem remains largely unknown
in resource-poor regions. Moreover,
surveillance systems to guide interventions
require expertise and resources, which are

very limited in developing countries, where
social and health care system deficiencies
such as overcrowding and understaffing
result in a lack of infection control
practices. For an integrated worldwide
control of MRSA, studies to appraise the
prevalence and profile of S. aureus in
developing nations are mandatory.20
Estimates of HCWs carriage from the
worldwide literature vary widely depending
on the country, hospital specialty and
setting (endemic, non-endemic or
outbreak). Albrich et al21 provided data
from 41 studies which studied HCWs
carriage rates for S. aureus and
MRSA. They found 23.7% S. aureus
carriage among 10 589 HCWs. In 127
investigations, the average MRSA carriage
rate was 4.6%. Hawkins et al.22 from
a literature review identified 18 papers
published between April 2006 and March
2010 on carriage rates of HCWs ranging
from 2% to 15%.In the Middle East
countries (including Saudi Arabia,
Kuwait, Lebanon, and Palestine), 0-13.2%
MRSA nasal carriage rates have been
observed.23-28 In Iraq, most published data
are about clinical and patient’s samples or
combined patients with HCWs or in general
population other than HCWs. In a study
carried out by Habib et al.29 from Kurdistan
region –Duhok city on 489 students aged
between16 to18 years old, a total of 90 out
of 489 (18.4%) of them were found to be
colonized by S. aureus. Only 10 (2.04%) of
the students were found to be MRSA
carrier. In another study carried out by
Husein et al.30 in Kurdistan region 508
students from secondary schools were
included in this study, both urban area of
Duhok (N = 239) and surrounding rural
areas in three districts; Amede, Akre, and
Zakho (N = 270) were included. It was
found that the frequency of overall S.
aureus nasal carriage was 17.75% and the
overall MRSA colonization rate among
the entire studied population was 1.9%.
Additionally, another study carried out
by Abed et al.31 from Al- Mustansiriyah
University in Bagdad city. In this study 113,
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nasal swaps of students from the
Department of Biology were collected. The
nasal carriage rate for S. aureus was 37%.
Furthermore, a study from Baghdad
University carried out by Al-Dhabi et al.32
A total of 250 nasal swabs (175 patients
and 75 HCWs at Al- Kadhamia teaching
Hospital and Al- Numan Hospital) were
screened for S. aureus. A total of 106
individuals (42.4%) were identified as nasal
carriers, and overall of MRSA carriage
rate was 40%. Nanakaly Hospital for Blood
Diseases is one of the reference hospitals
in Erbil city for Haematology and Oncology
patients. Majority admitted patients are
cancer patient receiving chemotherapy,
and they are more susceptible to the
nosocomial infections; so identification
and isolation of MRSA carrier in HCWs is
essential not only for choosing appropriate
antibiotic therapy but also for infection
control policies. In this study, we
investigated the prevalence of nasal
carriage of MRSA and their antibiotic
resistance patterns among HCWs at
Nanakaly Hospital, Erbil.

collection and incubated at 35°C for 24–48
hours. Those colonies that are mannitol
fermenters (golden or cream color on
MSA) were subcultured on 5% Sheep
Blood Agar (LAB 007, UK). Incubated as
above and examined after 24 hours.
Growth was identified as S.aureus by
standard methods (Gram's stain, catalase
test, and coagulase test).34 The methicillin
susceptibility of S. aureus was determined
by cefoxitin disk (BD disk) using the disk
diffusion test following manufacturer’s
instructions and the revised 2014 Clinical
and Laboratory Standards Institute (CLSI)
guidelines.35 The isolates were considered
MRSA if the diameter of the zone of inhibition was 21mm or less.35 All MRSA isolates
were frozen at –70 ºC for additional testing
of organism characteristics.
Antimicrobial Susceptibility Testing:
Disk diffusion susceptibility tests
were applied according to CLSI
recommendations.35 The MRSA and MSSA
isolates were tested by disk diffusion
susceptibility method against the following
antibiotics: penicillin (10unit), gentamycin
(10μg), erythromycin (15 μg), ciprofloxacin
(5μg), co-trimoxazole (25μg), clindamycin
(2μg) tetracycline (30 μg), mupirocin
(200μg) and linezolid (10 μg)according to
CLSI recommendations.35
Ethical Considerations: Informed oral
consent was obtained from all study
samples before specimen collection.
The study was approved by the Ethics
Committee of the College of Medicine,
Hawler Medical University.
Statistical Analyses: Data were analyzed
using the statistical package for the social
sciences (version 19.0). The categorical
data were compared using the Chi-square
test or Fisher’s exact test. A P value
of <0.05 was regarded as statistically
significant.
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Methods
Sample & Data Collection:
A cross-sectional study was conducted in
Nanakaly Hospital for Haematology and
Oncology in Erbil city from November 2014
to February 2015. All HCWs including
(doctors, nurses, laboratory technicians, no
- medical personnel) were recruited in the
study. After clarifying the aim of the
study and obtaining verbal consent; the
anonymous questionnaire was prepared
for data collection including sociodemographic factors such as gender, age,
and occupation. Specimens were taken
from the participants in the following way;
a single culture swab was moisture in
normal saline and then gently rotated
inside both nares. Cultured swabs were
immediately sent to the laboratory and
processed within 1 hour of sampling.
Culture and Identification: Swabs were
inoculated in Mannitol Salt Agar (MSA)
(LAB 007, UK) within one hour of

Results
MRSA nasal carriage rate among HCWs
A total of 15 (16%) methicillin-sensitive
Staphylococcus aureus (MSSA) and 8
(8.5%) MRSA isolates were recovered
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from the 94 nasal swab specimen cultures
of HCWs. The overall nasal carriage rate
of S.aureus was 23(24.5%) as shown in
Table 1.
Association of nasal carriage rates with
socio-demographic characteristics
The age of HCWs ranged from 20 to 59
years; 41 (43.6%) were males, and 53
(56.4%) were females, with the male
to
female ratio of 1:.29. Out of MRSA
samples, 62.5% were males, and 37.5%
were female. Among the age group 37.5%,
37.5% of them were 30-39 and 40-49 years
old respectively, and 50% of them were

physicians (clinical and lab), 37,5% were
nurses, and 12% were cleaning personnel.
While among MSSA cases, 60% were
male and 40% were female, and 60% of
them were 20-29 years old, while only
6.7% were 50-59 years old. Furthermore,
53.3% of MSSA cases were nurses, and
20% were physicians (clinical and lab). The
study showed that there was no statistically
significant difference between the gender
(P = 0.29), age (P=0.29), and occupation
(P = 0.721) between those with nasal
carriage of MRSA and MSSA as shown in
Table 2.
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Table 1: MRSA and MSSA nasal carriage rate among HCWs.
Nasal carriage

Isolates

No(%)

Positive

S. aureus
MSSA
MRSA
-

23(24.5%)
15 (16%)
8 (8.5 %)
71 (75.5 %)
94(100%)

Negative
Total sample
MSSA: Methicilline sensitive S.aureus
MRSA: Methicilline resistant S.aureus

Table 2: Association of nasal carriage rates with socio-demographic characteristics.
Variable

MSSA( n=15) (%)

MRSA (n=8) (%)

P value

Male

9(60)

5(62.5)

0.290

Female

6(40)

3(37.5)

15(100)

8(100)

20- 29

9(60)

2 (25)

30- 39

3(20)

3 (37.5)

40- 49

2(13.3)

3(37.5

50 -59

1(6.7)

0 (0)

15(100)

8(100)

Physician (clinical)

2(13.3)

3(37.5)

Physician (lab)

1(6.7)

1(12.5)

Nurse

8(53.3)

3(37.5)

Lab worker

1(12.5)

0(0)

3(20)

1(12.5)

15(100)

8(100)

Sex

Total
Age group

Total

0.290

Occupation

Cleaning Personnel
Total
MSSA: Methicilline sensitive S.aureus
MRSA: Methicilline resistant S.aureus
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Antibiotic susceptibility profile of S.
aureus samples
The in vitro antibiotic sensitivity profiles
for the eight isolates of MRSA and the 15
isolates of MSSA carriers are shown in
Figure 1 and 2. The Figures show that
all isolates of MRSA and MSSA were
sensitive for linezolid and mupirocin. Rates
of resistance in MRSA and MSSA to
antimicrobial agents were chloramphenicol,
37.5.% and 0%; ciprofloxacin 25%,
13.3%, clindamycin, 75% and 6.7%;

erythromycin,75% and 20%; gentamicin
12.5, 0%, penicillin 100%, 73.3%,
rifampicin, 12.5%, 0%; trimethoprimsulfamethoxazole, 12.5% and 6.7%, and
tetracycline 25%, 6.7% respectively.
The highest resistance rate for both
erythromycin and clindamycin 75%) were
noted among the MRSA strains, while the
highest resistance rate for MSSA strains
to penicillin 73.3%, erythromycin 20% and
ciprofloxacin 13.3 were observed.
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Figure1: Antibiotic susceptibility profile of methicilline sensitive S. aureus.

Figure 2: Antibiotic susceptibility profile of methicilline resistant S. aureus.
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Discussion
MRSA accounts for 20% to 80% of
nosocomial infections worldwide.36 In most
of the cases, these patients are colonized
before infection.37 Surveillance of MRSA
colonization among inpatient populations
and HCWs has dramatically reduced the
number of MRSA-associated nosocomial
infections.38 Therefore, measurement of
colonization of the HCWs is one of the
effective methods to reduce and control
MRSA in any health care facility. We found
that 24.5% of HCWs were the nasal carrier
for S.aureus and the overall MRSA
carriage rate was 8(8.5%) as shown in
Table1. In Iraq, reported data about the
prevalence of nasal carriage of S.aureus
and MRSA among health workers
specifically are very scarce. Recently one
study from Duhok city, Kurdistan region
was reported by Hussein et al.39 In this
study a total of 182 HCWs with different
occupations and working in different
hospital units as well as 198 on-HCWs
were recruited. Nasal carriage of
S. aureus was 22.5% in HCWs and 18.7%
in on-HCWs. Our result was in agreement
with this result regarding S.aureus carriage
rate while overall MRSA carriage rate was
13.7% in the same study which was higher
than our finding. Differences in the
prevalence of nasal carriage of MRSA
strains may be due in part to differences in
the method which used for identification of
MRSA. On the other hand, our result was
consistent with the finding of Muhammed
et al. study 40 from Karbala University, in
which 100 healthy students from the
third and fourth stages of the College of
Medicine who had internship program
in hospitals during the Summer were
screened, and S.aureus and MRSA
colonization rate were detected among
them as 20% and 8%, respectively. Several
studies worldwide have reported the rate of
nasal carriage of S. aureus strains and
MRSA among HCWs. Our results were
internationally consistent with these veral
studies from Iran,41-43 which reported the
MRSA rate between 5.3% and 13.9%

among HCWs. Also in another study from
Jordan,44 the overall prevalence of MRSA
nasal carriage was 7.8% (ranging from
4.3% in adults to 10.1% in HCWs).
Additionally, systemic search for literature
which conducted in MEDLINE and
EMBASES databases was made by Dulon
et al.,45 31 studies were included in this
review reported non-outbreak carriage
rates MRSA in HCWs from zero to 15%.
On the other hand, our results regarding
MRSA carriage rate were significantly
higher than some reported results by
authors from Turkey46-48 1.8%, 4.7%. In
contrast to another study from Gaza strip,49
the MRSA carriage rate was very high
25.5% compared to our result. These
differences can be explained by variations
in microbiological methods sampling
techniques, culture, and method of MRSA
identification, local infection control
standards and the local prevalence of
MRSA. Our study showed that HCWs are
potential colonizers of MRSA however;
we need more surveillance data about
MRSA colonization and their molecular
typing in nosocomial setting to confirm
these results. HCWs have been addressed
as the source of infection in many
outbreaks of MRSA in hospitals.50 In our
study, we found that MSSA carriage rate
was highest among Nurses 53.3%, While
MRSA carriage rate was highest among
physicians 50% followed by Nurses 37.5%.
In many international studies MSSA and
MRSA were determined to be associated
with risk factors like age, gender, and
occupation 51 however; in this study
because of small size sample; we found
that these variables were not considered
the risk factor for nasal carriage rate of
MRSA and MSSA. Antimicrobial resistance
among nosocomial pathogens is a
significant problem in many countries with
severe consequences including increased
medical costs, morbidity, and mortality
of patients.52 Since the emergence of
S. aureus strains with resistance to
penicillin and methicillin in 1942 and 1961
respectively,53 it has become a well-known
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etiologic agent of a wide variety of
infections and has assumed increasing
importance internationally as a cause of
both nosocomial and community-acquired
infections.54 MRSA strains are also more
likely to be resistant to other antimicrobial
agents than are methicillin-susceptible
S. aureus isolates. From a study carried
out by Diekema et al.55 rates of resistance
to representatives of 8 antimicrobial
classes are delineated (chloramphenicol,
ciprofloxacin, clindamycin, erythromycin,
gentamicin, rifampicin, trimethoprimsulfamethoxazole, tetracycline). Latin
American MRSA isolates were resistant to
a median of 6 antimicrobial classes,
whereas US and Canadian strains
demonstrated resistance to a median of
three additional antimicrobial classes.
Agents for which there were substantial
regional differences in resistance included
chloramphenicol (57.9% resistant in Latin
America vs.<10% resistant in all other
regions), rifampin (range, 4.9% resistant in
Canada to 44.4% in Europe), tetracycline
(14.8% and 15.6% resistant in the United
States and Canada, respectively, vs. 82%
resistant in the Western Pacific region),
and gentamicin (range, 25.9% resistant
in Canada to 91.2% resistant in Latin
America). High levels of resistance
to erythromycin, clindamycin, and
ciprofloxacin were found among MRSA in
all regions. The findings of this study were
consistent with our high resistance rates
of MRSA to clindamycin, erythromycin,
tetracycline, and chloramphenicol. On the
other hand, all the strains of S. Aureus
including MSSA and MRSA strains isolated
from nasal swaps were susceptible to
linezolid and mupirocin probably, because
these antibiotics are not available in
Nanakaly Hospital and not used for
eradication or treating of infections by
MRSA. These data suggest that we can
use mupirocin to eradicate HCWs colonizer
with MRSA and linezolid as the second-line
choice for treating MRSA infections.
Although the small size sample of this
study hinders its application to other

hospitals population in Erbil, particularly
well-designed larger multicenter studies,
molecular basis, should be carried out to
confirm these results. Moreover, further
studies including vancomycin-intermediate
Staphylococcus aureus (VISA) and
vancomycin-resistant Staphylococcus
aureus (VRSA) will be useful to gain
insights into the antibiotic-resistant profile
of S. aureus, and MRSA isolates from
HCWs and health residences.
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Conclusion
We demonstrated that HCWs were the
potential colonizers of MRSA. The carriage
rate of S. aureus and MRSA is highest
among physicians and nurses respectively.
So our data suggested and recommended
to introduce routine MRSA screening
of HCWs part of a suite of infection
control measures. Furthermore, continuous
laboratory-based surveillance and
improvement of hygiene standards in
hospitals will be helpful to prevent possible
transmission of MRSA in healthcare
facilities.
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