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Isolation and screening of methicillin-resistant 
Staphylococcus aureus from health care workers in 
Libyan hospitals
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ABSTRACT This is the largest Libyan study to date to investigate the prevalence and antimicrobial susceptibility of 
methicillin-resistant Staphylococcus aureus (MRSA) among health care workers in Tripoli, Libya. A total of 569 doctors 
and nurses from 4 main hospitals were screened for MRSA with specimens collected from the anterior nares. Isolates 
from 109 of the 569 subjects (19%) were confirmed as MRSA by polymerase chain reaction assay; the majority (98/109) 
were from a general hospital. Antimicrobial resistance patterns tested by disk diffusion were as follows: erythromycin 
(74%), ciprofloxacin (77%), clindamycin (20%), trimethoprim/sulfamethoxazole (50%), quinuprisin/dalfopristin 
(19%), vancomycin (12%) and mupirocin (5%). Eighteen isolates exhibited macrolide-lincosamide-streptogramin B 
resistance (MLSB): 6 were MLSBi and 12 were MLSBc. The results provide evidence that Libyan health care workers 
could serve as MRSA carriers and play a role in the dissemination of MRSA to the public and other workers.
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ي العنقوديات الذهبية المستَعْصِيَة على الميثيسيلين عند العاملين في الرعاية الصحية في المستشفيات الليبية  استفراد وتحرِّ
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الخلاصة: أجريَت هذه الدراسة وهي أكبر دراسة في ليبيا حتى اليوم بهدف استقصاء معدل انتشار العنقوديات الذهبية المستَعْصِيَة على الميثيسيلين بين 
العاملين في الرعاية الصحية في ليبيا وحساسيتها لمضادات الجراثيم. وقد شملت الدراسة 569 طبيباً وممرضة من أربعة مستشفيات رئيسية تم التحرّي 
 109( دُرسوا  ممَّن   %19 المستفرَدات من  أن  المنخرين. واتضح  م  مقدَّ الميثيسيلين في عينات أخذت من  المستَعْصِيَة على  الذهبية  العنقوديات  عندهم عن 
من   98( معظمها  وكان  للبوليمراز،  السلسلي  التفاعل  مقايسة  باستخدام  الميثيسيلين  على  مستَعْصِيَة  ذهبية  عنقوديات  كونها  تأكد  قد   )569 أصل  من 
أصل 109( من المستشفى العام. أما نتائج الاستعصاء على مضادات الجراثيم، باختبارها التفشِّي من الأقراص، فكانت كما يلي الإريثروميسين )%74(، 
السيبروفلوكساسين )77%(، والكلينداميسين )20%( والتريميثوبريم/سلفاميثوكسازول )50%(، والكينوبريزين/دالفوبريزين )19%(، والفانكوميسين 
)12%(، والموبيروسين )5%(. وقد أبدت ثماني عشرة من المستفرَدات استعصاءً على الماكروليد – لينكوساميد ستربتوغرامين بي MLSB؛ وكانت ستة منها 
م هذه النتائج بيِّنات على أن العاملين في الرعاية الصحية في ليبيا،  مستعصية على النمط الفرعي i؛ واثنتا عشرة منها مستعصية على النمط الفرعي c. وتقدِّ

َلَة للعنقوديات الذهبية المستَعْصِيَة على الميثيسيلين، ومن ثـَمَّ فقد يكون لهم دوراً في نشرها إلى العاملين الآخرين وبين عامة الناس. قد يمثِّلون َمح

Isolement et dépistage de Staphylococcus aureus résistant à la méticilline chez des agents de santé dans des hôpitaux libyens

RÉSUMÉ Il s’agit de l’étude libyenne la plus importante à ce jour, évaluant la prévalence et la sensibilité aux 
antimicrobiens de Staphylococcus aureus résistant à la méticilline chez des agents de santé à Tripoli (Libye). Le 
dépistage a été réalisé auprès de 569 médecins et membres du personnel infirmier travaillant dans quatre grands 
hôpitaux, au moyen d’un prélèvement à partir des fosses nasales. Des isolats de 109 sujets sur 569 (19 %) ont été 
confirmés comme étant des souches de Staphylococcus aureus résistant à la méticilline, au moyen de l’amplification 
en chaîne par polymérase ; la majorité (98 sur 109) provenait d’un hôpital général. Les profils de résistance aux 
antimicrobiens analysés par la méthode de diffusion en disques étaient les suivants : érythromycine (74 %), 
ciprofloxacine (77 %), clindamycine (20 %), triméthoprime/sulfaméthoxazole (50 %), dalfopristine/quinupristine 
(19 %), vancomycine (12 %) et mupirocine (5 %). Dix-huit isolats présentaient une résistance aux streptogramines de 
type B, aux macrolides et aux lincosamides : six avaient une résistance inductible aux streptogramines de type B, 
aux macrolides et aux lincosamides et douze avaient une résistance constitutive. Les résultats prouvent que les 
agents de santé libyens peuvent servir de porteurs de Staphylococcus aureus résistant à la méticilline et jouer un rôle 
dans sa diffusion à la population et aux autres agents.
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Introduction

Methicillin-resistant Staphylococcus 
aureus (MRSA) first emerged as a no-
socomial pathogen in the early 1960s 
and it continues to be a significant 
public health concern [1,2]. Resistance 
to methicillin in staphylococci is medi-
ated by an altered penicillin-binding 
protein (PBP2a), which is encoded 
by the mecA gene and confers resist-
ance to most of the current β-lactam 
antimicrobial agents [2]. The genetic 
plasticity of S. aureus has resulted in the 
emergence of methicillin resistance in 
different strains with varying degrees 
of antibiotic resistance and virulence 
patterns [3,4].

There are major international 
concerns about rising levels of MRSA 
and multi-drug resistant S. aureus 
owing to the difficulties of treating 
infections and the ease with which 
MRSA spreads in hospitals [5]. Until 
recently, most MRSA infections were 
acquired primarily in hospital settings. 
Now MRSA is responsible for both 
hospital and community-acquired 
infections [1]. Since the first reports 
of community-associated MRSA in-
fections emerged in the early 1980s, 
studies have shown an increase in the 
circulation of MRSA infections be-
yond hospital settings [6]. 

The role of health care work-
ers (HCWs) in the nosocomial 
transmission of MRSA has been 
widely discussed, with many stud-
ies citing HCWs as a source of no-
socomial transmission of MRSA in 
developing countries [7,8] including 
Libya [9–14]. Pre-intervention studies 
of HCW colonization play an impor-
tant role in providing evidence about 
the spread of MRSA [15].

In the current study we investigated 
the prevalence and antimicrobial sus-
ceptibility profiles of MRSA among 
HCWs in the main hospitals in Tripoli, 
Libya.

Methods

Sources of samples
Four major different hospitals were in-
cluded in this study and were assigned 
the following abbreviations: A, B, C, 
and D. Hospital A was a general com-
munity-based hospital that deals with 
a variety of different health conditions; 
hospitals B, C and D were acute care 
paediatric, emergency and eye surgery 
hospitals respectively.

Samples and data collection
Samples were collected from 569 
HCWs (215 doctors and 354 nurses) 
present in the 4 hospitals from Janu-
ary–July 2009. All HCWs present at 
the time of sampling and consenting 
to participate were included. Samples 
were taken from the anterior nares of 
consenting HCWs as follows: a single 
culturette swab was moisturized in 
sterile water and then gently rotated 
inside both nares. Specimens were im-
mediately sent to the laboratory and 
processed within 1 hour of sampling. 
Contact details were collected from the 
HCWs for follow-up of any possible 
positive MRSA but these were kept 
confidential from the hospital. Posi-
tive MRSA carriers were approached 
confidentially for follow-up.

Isolation, identification and 
confirmation of MRSA
MRSA was isolated by direct plating of 
swabs onto mannitol salt agar (MSA) 
containing 2 mg/L oxacillin (Oxoid), 
followed by incubation for 48 h at 35 
°C. Suspected individual colonies were 
selected from each MSA plate and 
subcultured and grown on Columbia 
agar supplemented with 5% horse blood 
(Oxoid), incubated as above and ex-
amined after 24 h. Suspected isolates 
were preliminarily subjected to Gram 
stain and test strips (API Staph, bioMé-
rieux) for identification of presumptive 
S. aureus. Isolates were then tested by 
disk diffusion susceptibility testing, in 

accordance with the British Society for 
Antimicrobial Chemotherapy guidelines 
(BSAC), using cefoxitin, as described by 
Andrews [16], and the presence of PB-
P2a was detected by latex agglutination 
testing for PBP2a (Oxoid). Isolates that 
scored positive with both BSAC-disk 
diffusion test and the latex agglutination 
test for PBP2a were screened by PCR 
[17,18] to amplify the femA and mecA 
genes to definitively confirm MRSA 
based on species and resistance level, re-
spectively. Modified protocols for both 
PCR reactions were based on a personal 
communication with N. Williams from 
the University of Liverpool. Confirmed 
MRSA isolates, based on previous test-
ing and PCR confirmation, were further 
analysed and subjected to antimicrobial 
susceptibility testing based on updated 
testing information obtained from the 
BSAC website.

Susceptibility testing of MRSA
Both the disk diffusion susceptibility 
test and agar dilution method were ap-
plied according to BSAC recommenda-
tions. The MRSA isolates were tested by 
the disk diffusion susceptibility method 
[16] against: oxacillin, trimethoprim/
sulfamethoxazole,  erythromycin, 
clindamycin, ciprofloxacin, mupirocin, 
quinupristin/dalfopristin, vancomycin 
and linezolid. Minimum inhibitory con-
centrations (MICs) were determined 
by the agar dilution method [19] only 
for isolates that exhibited resistance to 
vancomycin and mupirocin in the disk 
diffusion susceptibility tests. Disk diffu-
sion tests were performed on isolates 
exhibiting erythromycin resistance to 
assay for inducible clindamycin resist-
ance [macrolide-lincosamide-strepto-
gramin B inducible resistance (MLSBi) 
phenotype], as described by Fiebelkorn 
et al. [20]. In-house confirmed MRSA 
strains, which were previously geno-
typed by PCR [17,18], served as posi-
tive controls throughout the study. All 
MRSA samples and isolates were stored 
at –80 °C.
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Results

Prevalence of MRSA among 
HCWs
A total of 569 HCWs (215 doctors and 
354 nurses) from 4 different hospitals 
in Tripoli were tested for MRSA. Out 
of the 569 HCWs, 128 (22%) were 
characterized as positive for MRSA by 
laboratory methods and 109 (19%) 
were confirmed as MRSA by PCR 
(Table 1). Three hospitals scored posi-
tive for confirmed MRSA with some 
differences between hospitals; 21% 
(98/473) of isolates from HCWs at 
the general hospital were positive, 9% 
(3/32) at the paediatric hospital, 21% 
(8/39) at the eye surgery hospital and 
0% (0/25) at the emergency hospital.

Susceptibility testing for MRSA
All confirmed isolates exhibited resist-
ance to oxacillin. Out of the 109 con-
firmed MRSA isolates, 81 (74%) were 
resistant to erythromycin, and disk diffu-
sion tests showed that 6 of those isolates 
(6%) exhibited inducible resistance 
to clindamycin (MLSBi phenotype). 
Only 18 of the 33 clindamycin-resistant 
strains expressed an MLSB phenotype 
according to BSAC guidelines. Twelve 
isolates (11%) were characterized as 
having an MLSBc (constitutive) phe-
notype. Only 5 (5%) isolates showed 
resistance to mupirocin by the disk 
diffusion susceptibility test, and MIC 
analysis confirmed that only 1 isolate 
was highly resistant to mupirocin (MIC 
≥ 512 mg/mL). Overall, 84 isolates 
(77%) were identified as ciprofloxacin 

resistant; 82 of these were from iso-
lates taken from HCWs at the general 
hospital. Resistance to trimethoprim/
sulfamethoxazole was exhibited by 55 
isolates (50%). MIC analysis showed 
that none of the 13 isolates initially 
identified as vancomycin resistant by 
the disk diffusion susceptibility test 
were vancomycin resistant. None of 
the confirmed MRSA isolates showed 
resistance to linezolid. The majority of 
the resistant phenotypes were identified 
among general hospital isolates (Table 
2). 

Discussion

Overall the proportion of confirmed 
MRSA-positive samples was 19% 
(109/569), with some differences be-
tween hospitals: 21% of HCWs from 
the general hospital (hospital A), and 
between 0% and 21% of HCWs from 
the specialist hospitals (hospital B, 
hospital C and hospital D). High levels 
of MRSA were found among HCW 
samples from the general hospital (hos-
pital A). This hospital is the main and 
biggest hospital in Tripoli and Libya 
and therefore had a much larger sample 
size than the other 3 hospitals. Hospi-
tals B, C and D, in which significantly 
fewer HCWs were tested (32, 25 and 
39 respectively), showed more variable 
levels of colonization (9%, 0% and 21% 
respectively). The specialist hospitals 
deal with specific clinical conditions 
and therefore the overall numbers of 
HCWs, patients and visitors were less 

than those in the much larger general 
hospital. Both hospital size and other 
factors, such as antibiotic therapy, and 
hospital management are likely to be 
of importance in the dissemination and 
development of MRSA infections.

Previous studies have shown the 
role of clinical staff as nasal carriers of 
MRSA [9,21]. Nares and the anterior 
nare are the most important sites of 
staphylococcal colonization and poten-
tial sources of MRSA [9,22]. Screen-
ing for nasal carriers and colonized 
patients is very effective in controlling 
the spread of MRSA [22]. MRSA rates 
in the current study are likely to be un-
derestimated, since we only used nasal 
swabs and did not test other sites, such 
as the throat. Previously in Libya the 
prevalence of MRSA was reported to 
be around 39% [9] and misidentifica-
tion of MRSA in Libyan hospitals have 
been also reported [10]; in our study 
a lower prevalence was reported using 
genotyping PCR confirmation. The im-
portance of genotyping methods in de-
termining the possible transmission of 
MRSA from HCWs to patients has also 
been demonstrated [7,23]. Unknown 
carriers among patients may introduce 
MRSA into the hospital and serve as a 
source of transmission to other patients, 
primarily via the transiently colonized 
hands of hospital staff. An investigation 
by Vonberg et al. indicated that screen-
ing of HCWs should be performed 
before starting work duties in order to 
prevent the detection of transient, short-
term MRSA carriage that may occur 
during a work shift [24]. However, such 

Table 1 Prevalence of methicillin-resistant Staphylococcus aureus (MRSA) among health care workers from all 4 hospitals, 
tested by disk diffusion method and polymerase chain reaction (PCR) 

Source Total tested Positive for MRSA PCR-confirmed MRSA

No. No. % No. %

Hospital A 473 117 25 98 21

Hospital B 32 3 9 3 9

Hospital C 25 0 0 0 0

Hospital D 39 8 21 8 21

Total 569 128 22 109 19

Hospital A = general hospital; hospital B = paediatric hospital; hospital C = emergency hospital; hospital D = eye surgery hospital.
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data on MRSA in Libya are not cur-
rently available and this level of screen-
ing was beyond the scope of the current 
study. MRSA transmission between 
hospitals has also been documented 
[25], and healthy individuals with nasal 
MRSA colonization are more likely to 
develop an infection after having medi-
cal procedures performed in the hospi-
tal [7,26]. Further genotypic analysis of 
HCW isolates and comparisons with 
clinical samples would yield important 
information regarding MRSA trans-
mission; such information on clinical 
MRSA isolates is not currently available 
in Libyan hospitals.

Risk factors associated with MRSA 
carriage among HCWs, such as chronic 
skin diseases and poor hygiene, have 
been reported [7]. Similarly, patients 
with surgical wounds, urinary tract in-
fections and skin infections were at high 
risk for MRSA carriage and infection 
[27]. Cross- and autoinfection by the 
hands of HCW carriers, appear to be the 
most common routes for MRSA infec-
tion [27]. The eradication of MRSA car-
riage and colonization among HCWs 
is possible [7], and our results suggest 
that the hospitals included in this study 
should implement protocols to control 
the risk of nosocomial MRSA, such 

as routine screening of HCWs for 
MRSA, susceptibility testing of isolates 
obtained, and education, hand disinfec-
tion and temporary layoff for staff [24].

Agar screening methods and latex 
agglutination of PBP2a are reported to 
be highly specific in identifying MRSA 
[16] and they are a practical alternative 
when PCR facilities are not readily avail-
able for detecting MRSA. In this study 
these methods proved to be efficient. 
However, PCR is still the golden stand-
ard tool for detecting and confirming 
MRSA. The disk diffusion susceptibility 
method is a reliable test used to guide 
therapy, monitor resistance trends and 
evaluate MRSA susceptibility [10,28] 
and is valuable for detecting inducible 
clindamycin resistance in erythromycin 
resistant strains [11,18,29]. However, 
disk diffusion susceptibility testing is 
not reliable for detecting vancomycin-
resistant staphylococci, and MIC 
determination is recommended for 
determining glycopeptide resistance. 
In the current study, we did not identify 
any confirmed vancomycin resistance 
by MIC analysis; future experiments 
will include the application of other 
accurate tests such as dry chemistry 
technology (Etest®) [16]. Although re-
sistance to the important antimicrobial 

drug vancomycin has not been widely 
reported, limitations in its use for treat-
ing S. aureus infection are emerging [30]. 
However, drugs such as daptomycin 
and linezolid remain valuable [31].

In the current study, a high propor-
tion of the confirmed MRSA isolates 
(77%) exhibited resistance to flouro-
quinolones. Resistance to mupirocin 
was only present in a small proportion 
of confirmed MRSA isolates, and only 
1 of the isolates exhibited a high level 
of mupirocin resistance (MIC ≥ 512 
mg/mL). Mupirocin ointment is the 
drug of choice for treating nasal MRSA 
colonization and it has been reported 
to be effective in eliminating MRSA 
colonization [7]. However, new MRSA 
colonization has been reported even 
after the use of mupirocin [26].

M a c r o l i d e  a n d  l i n c o s a m i d e 
resistance are increasingly reported 
among MRSA isolates. Previously 
MRSA-MLSB phenotypes have been 
reported in Libya [11,14]. MRSA can 
severely compromise therapy and is 
associated with failed clindamycin 
treatment of MRSA infections [31]. 
The large proportion of isolates that 
were clindamycin susceptible in the 
current study (70%) suggests that the 
MRSA isolates from HCWs were most 

Table 2 Antimicrobial resistance rates of confirmed methicillin-resistant Staphylococcus aureus isolates from health care 
workers from all 4 hospitals

Antibiotic Source

Hospital A Hospital B Hospital C Hospital D All hospitals

No. No. No. No. No. %

Oxacillin 98 3 0 8 109 100

Ciprofloxacin 82 1 0 1 84 77

Erythromycin 77 2 0 2 81 74

Trimethoprim/sulfamethoxazole 53 1 0 1 55 50

Clindamycin 31 1 0 1 33 30

Quinupristin/dalfopristin 21 0 0 0 21 19

Vancomycin 12 1 0 0 13 12

Mupirocin 5 0 0 0 5 5

MLSBi 6 0 0 0 6 6

MLSBc 11 1 0 0 12 11

Total 98 3 0 8 109 100

Hospital A = general hospital; hospital B = paediatric hospital; hospital C = emergency hospital; hospital D = eye surgery hospital. 
MLSBi = macrolide-lincosamide-streptogramin B inducible resistance; MLSBc macrolide-lincosamide-streptogramin B constitutive resistance.
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likely community-acquired strains. Just 
over half of the clindamycin-resistant 
strains expressed an MLSB phenotype. 
The current data and others indicate 
that clindamycin could still be used to 
treat MRSA infections in our hospitals, 
although susceptibility testing for the 
detection of inducible resistance to 
clindamycin should be routinely per-
formed [11]. Future studies should fo-
cus on determining the rate of MRSA 
transmission between HCWs and 
patients.

To our knowledge, the current study 
is the largest to date to analyse the preva-
lence and antimicrobial susceptibility of 
MRSA among HCWs in Libyan hos-
pitals. The results of the current study 
highlight the need for infection control 
programmes and antibiotic monitoring 
in Libyan hospitals; it also reveals an ur-
gent need for additional MRSA-focused 
studies in Libya. The data regarding an-
timicrobial resistance profiles of MRSA 
presented here provide important infor-
mation for clinicians and epidemiologist 

and stress the need for a national MRSA 
monitoring system.
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Antimicrobial resistance

Many infections can no longer be treated effectively with common anti-infective drugs. Resistance poses a growing 
threat to the treatment and control of infectious diseases, ranging from those that have long been endemic in human 
populations – malaria, tuberculosis, and sexually transmitted infections – to more recent pandemics such as the one due 
to human immunodeficiency virus (HIV) or the influenza virus (A H1N1 2009). Antimicrobial resistance threatens the 
control of several other community-acquired infections. An alarming proportion of health care-associated infections are 
also caused by resistant pathogens.

To tackle this problem, the World Health Organization (WHO) has made antimicrobial resistance an organization-
wide priority and made it the focus of World Health Day 2011. In addition, WHO will publish in the near future a 
reference book entitled Combating antimicrobial resistance: experiences from the field describing the need for and 
examples of successful interventions.

Further information about the work of WHO in combating the growing problem of antimicrobial resistance can be 
found at: http://www.who.int/topics/drug_resistance/en/ 


