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Abstract Background and Purpose: Data on the carriage rate and antibiotic sensitivity pattern of
Staphylococcus aureus strains prevalent in the community are not available for many developing countries including
Libya. To estimate the extent of community S. aureus transmission, in particular methicillin-resistant S. aureus
(MRSA), the prevalence of S. aureus nasal colonization in a population of healthy adults was determined. Factors
associated with S. aureus nasal carriage and antibiotic sensitivity patterns of the isolates were also analyzed.
Methods: A cross-sectional study involving 643 adults was conducted. Nasal swabs were examined for the presence
of MRSA. Epidemiological information concerning risk factors for nasal carriage was also obtained. Antibiotic
susceptibility testing was performed using the disk diffusion method according to the National Committee for
Clinical Laboratory Standards guidelines. MRSA strains isolated were further subjected to Automated BD Phoenix.
Results: Screening for suspected carriers of MRSA showed that most of the healthcare workers (technicians, nurses,
and doctors) were asymptomatically MRSA-positive. S. aureus isolates were confirmed by various biochemical tests
as per latest CLSI guidelines. Cefoxitin Disk Diffusion test was performed for the detection of methicillin resistance
and antibiotic susceptibility was performed against different antibiotics as per CLSI guidelines. Statistical analyses
showed that there was no significant relation between MRSA carriage and age and sex of the study population. The
prevalence of MRSA nasal carriage was (21.4%) among HCWSs, with some differences between hospitals, also
prevalence of MRSA nasal carriage was (9.6%) among community. Hospital acquired MRSA were more susceptible
to various antibiotics as compared to Community acquired MRSA. Conclusion: MRSA nasal colonization was
found to be low outside of the health care environment.
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1. Introduction

MRSA is an abbreviation of methicillin resistant S.
aureus, and is used to describe MRSA strains that are
resistant to methicillin, a semi synthetic- penicillin [1],
often described as superbug, is a serious health and global
issue that is evolving to a general concern and deserves
continues attention [2,3]. MRSA is one of the most
important human pathogens. It is a common cause of
hospital and community-acquired infections worldwide. In
humans MRSA is able to cause a wide variety of different
diseases, ranging from superficial skin inflammation to
severe invasive infections in patients exposed to health
care setting such as bacteremia, which leads to
endocarditis and  osteomyelitis [4,5,6,7]. MRSA
colonization is mainly found in the anterior nares (40%)
[8,9,10]. Nasal carriage of S. aureus is a potential source
of infection and colonization often precedes infection.
Humans may carry MRSA temporally or chronically. One
of the important sources of staphylococci for nosocomial
infection is nasal carriage among hospital personnel
[11,12]. Occasionally, health care workers who carry
MRSA in their nares can cause outbreaks of surgical-site

infections [13,14]. Till recent times these MRSA strains
were restricted to hospitals only as Health care associated
MRSA (HA-MRSA). But now these strains have also
emerged in the community, called as Community
associated MRSA (CA-MRSA). In general, nasal carrier
rates among hospital personnel and patients (60-70%) are
much higher as compared to those among community
carriers (30-50%) [9,10].

The aim of the current research was (a) to study the
nasal carriage rate of MRSA, in community and in
hospital settings and their antimicrobial susceptibility (b)
to compare the nasal carriage rate of HA-MRSA with that
of CA-MRSA and their antimicrobial susceptibility.

2. Material and Methods

2.1. Collection of Samples and Isolation of
Bacteria

This study was performed from April to August 2013 in
ten hospitals of Benghazi, Libya. (Psychiatric hospital and
Al-Erada sanatorium, Benghazi Medical Center, 7th of
October hospital, Benghazi Childrens hospital, Al-
Joumhouria hospital, Cardiac Center, Nephrology Center,
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Al-Jala Hospital, Urology and ENT Centers and Eye
hospital). This study utilized two main instruments,
questionnaire and nasal swabs . S. aureus strains were
gathered during this study from 472 health care workers
(Physician, nurses, helpers and technicians) and 119
administrative staff as hospital group from the hospital
and 52 samples (from healthy adults and children) as
control group from the community in Benghazi-Libya.
The samples of the control group were collected from
children at the primary Qadesia school , while, the adults
(control group) included teachers of Al- Khansa school,
and Al- Etehad school. The samples were collected from
the right and left anterior nares by using swabs. These
included demographic data (gender and occupation) and
data on clinical conditions (history of antibiotic usage in
the past 2 weeks, history of chronic illnesses and smoking
habits). The ages of all study population were from 6 year
to 65 year.

2.2. Cultivation and ldentification

Specimens were collected from the anterior nares with
sterile dry cotton swabs (SPA Cultiplast, Melano-Italy),
dipped in normal saline (0.9%). All swabs were inoculated
on blood agar (BA-HiMedia, India) and subsequently on
Mannitol salt agar plates (MSA-HiMedia, India) and were
incubated at 37°C for 24-48 hours. Well isolated colonies
were initially Gram-stained and then biochemical tests
such as catalase, DNase and coagulase tests [15].

2.3. Methicillin-Resistance Test

Methicillin resistance was tested using Mueller- Hinton
agar with Cefoxitin disc (30 pg) by Kirby-Bauer disc
diffusion method [16]. Zone diameters were measured and
recorded after a 24h incubation at 37°C. A zone size
of >22 mm was considered sensitive and < 21 was
considered resistant [16].

2.4. Antibiotic Susceptibility Testing

Standardized Kirby-Bauer disc diffusion method, was
performed on Mueller-Hinton agar. Single isolated
colonies were selected and inoculated in Mueller-Hinton
broth and placed in incubator for 24 hours at 37°C. When
its turbidity is comparable to 0.5 McFarland turbidity
standards, the plates were inoculated with each broth
culture and left to dry before the application of antibiotic
discs. The plates were inverted and incubated at 35-37°C
for 18-24 hours. Results were interpreted according to the
criteria of CLSI (2012) [17].

2.5. BD Phoenix Automated Microbiology
System

Detection of MRSA strains by using BD phoenix
Automated Microbiology system is a reliable method [18].
The Phoenix automated microbiology system (BD
Diagnostic Systems) was wused for accuracy in
identification and susceptibility testing of MRSA strains .
MRSA were confirmed by BD phoenix system in
nephrology Center laboratory in Benghazi .

2.6. Statistical Analysis

Data were tabulated and analyzed using the Statistical
Package for Social Sciences (SPSS) software, version 18.
Data were presented as frequencies. Chi-square analysis
(x2) was used in findings on comparison of positively
MRSA nasal carriage cases according to individual
characteristics. Evaluations were carried out at 95%
confidence level and P< 0.05 was considered statistically
significant.

3. Result

Out of 472 healthcare workers screened, 21.4% were
found to be positive for MRSA in the anterior nares based
on culture results, antimicrobial susceptibility to Cefoxitin
and Phoenix Automated method. Colonies isolated from
101 subjects were resistant to Cefoxitin, of the 52 of
general population, all of them were also investigated for
MRSA colonization, where 5(9.6%) MRSA. According to
the result obtained the carriage rate of MRSA among
study population was higher among HCWs than among
general population and administrative staff. Of the 164
patients who said they had had antibiotics in the past, 41
(25%) could not remember the date, 81 (49%) stated they
had the antibiotics prior to a month previously, 25 (15%)
within the month; and 17 (10%) said they had had
antibiotics within the week, there was no difference
between carriers and non carriers with regard to antibiotic
usage in the past 2 weeks or chronic disease. There was no
association between MRSA carrier state and smoking
habits. The classification of the subjects based on location
of work (hospital unit), age, and sex is shown in Table 1.

Table 1. Univariate analysis of potential factors for MRSA

Factor No < MRSA P
No %
Occupation
Physician 121 37 (30.6)
Nurses 167 34 (20.4)
Helr?e.rs 83 19 (22.9) 0.012°
Technicians 101 11 (10.9)
HCWs 472 101 (21.4)
Administrative staff 119 17 (14.3)
Community 52 5 (9.6)
Age (years)
<25 44 12 (27.3)
0.608*
25-55 586 107 (18.3)
>55 13 4 (30.8)
Gender
Male 157 39 (24.8) 0.112¢
Female 486 84 (17.3)
Antibiotic
Absent 380 68 (17.9) 0.196"
Present 263 55 (20.9)
Chronic disease
Absent 447 86 (19.2) 0.504°
Present 194 37 (19)
Smoking habit
Non-smoker 590 114 (20.2) 0.172%
smoker 53 9 17

®Pearson chi-squared test applied.
PFisher’s exact test applied.
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The antibiotic susceptibility of community associated
(CA-MRSA) and hospitals associated (HA-MRSA) to
different antibiotics is shown in Table 2.

Table 2. Resistance patterns of S. aureus strains isolated from
carriers among study population.

Antibiotics HCI\Yg(Sg )2 & Admin'ils;r(%z;/ e (46) CO”E;nll;“'ty
No(%)
Penicillin 224 (100) 24 (52.2) 2(18.2)
Cefoxitin 101(45.1) 17(37) 5(45.5)
Gentamycin 41 (18.3) 5(10.9) 0(0.0)
Ciprofloxacin 16 (7.1) 6(13) 0(0.0)
Augmentin 101(45.1) 17(37) 5(45.5)
Erythromycin 62 (27.7) 5(10.9) 1(9.2)
Clindamycin 16(7.1) 0(0.0) (0.0)
Cotrimoxazole 22(9.8) 0(0.0) 2(18.2)
Vancomycin 4(1.8) 0(0.0) 0(0.0)
Oxacillin 101(45.1) 17(37) 5(45.5)
Rifampicin 9(4) 0(0.0) 0(0.0)

4. Discussion

The distribution of methicillin resistant S. aureus
(MRSA) is worldwide but, the frequency varies among
different countries. Understanding and evaluating the
sources of bacterial infection, risk factors associated with
it and mode of bacterial transmission help in putting the
effective plan for preventing and control of the infections,
because MRSA is one of the most important causes of
nosocomial infections worldwide. MRSA colonization
and infection in acute and non-acute care facilities have
increased dramatically over the past two decades,
evidenced by the increasing number of reported outbreaks
in the medical literature [19]. Because of its resistance to
antibiotics, management of MRSA infections requires
more complicated, toxic, and expensive treatment. It is
important for healthcare professionals to understand the
difference  between  colonization and infection.
Colonization indicates the presence of the organism
without symptoms of illness. S. aureus permanently
colonizes the anterior nares of about 20% to 30% of the
general population. Hospital workers are more likely to be
colonized than persons in the general population,
presumably because of increased exposure. Estimates of
healthcare worker (HCW) carriage from the worldwide
literature vary widely depending on the country, hospital
specialty, and setting (endemic, non-endemic, or outbreak)
[20]. Our results demonstrated clearly a prevalence rate of
MRSA nasal carriage (21.4%) among HCWs, with some
differences between hospitals, also prevalence of MRSA
nasal carriage (9.6%) among general population. These
rates are higher than those reported in other areas of the
world [21,22,23,24]. Also Similar results were reported by
[25,26,27,28]. These rates are lower than those reported in
other areas of the world [29,30,31,32,33,34]. All
differences between countries and hospitals may be
explained by microbiological methods (from sampling
technique to culture media), local infection control
standards, and the local prevalence of MRSA.

A comparison of antibiotic sensitivity patterns of S.
aureus in the community in Libya from previous studies
with those obtained the present study disclosed MRSA
isolated from HCWs and community samples at Benghazi
Hospitals were multidrug- resistant (MDR). In general,
resistant strains were more prevalent in the hospital than at
community. This result was similar to the results of other
studies This result was similar to the results of other
studies [35,36].

This study also showed that the spread of MRSA s still
limited in this community of healthy adults. However, the
results of this study cannot be generalized as it was a
cross-sectional study involving a selected community in a
particular area of Libya. A more comprehensive study
involving a larger population should be conducted to
represent the Libyan population.

5. Conclusion

This study showed that health workers are prone to
infection and can be a potential source of pathogens such
as S. aureus in hospitals. Prevalence of nasal carriage
MRSA was higher in hospitalized patients as compared to
healthy subjects. Hospital acquired MRSA were more
susceptible to wvarious antibiotics as compared to
Community acquired MRSA.

The following recommendations are essential in the
containment of resistance to antimicrobial agents:

1. introduce routine MRSA screening of health care
workers as part of a suite of infection control
measures and  continuous  surveillance and
improvement of hygiene standards should be adopted
in Benghazi hospitals.

2. reassess policies in antimicrobial drugs use within
and outside the hospital environment.
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