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Abstract

Background: Nasal carriage of Staphylococcus aureus and its virulence determinants are major risk factors for subsequent infections and 
transmission.
Objectives: The current study aimed to determine the prevalence of panton-valentine leukocidin (PVL) gene, the SCCmec types, and the 
prevalent methicillin-resistant Staphylococcus aureus (MRSA) genotypes in strains isolated from healthcare workers (HCWs).
Materials and Methods: DNA was extracted from 114 frozen S. aureus strains amongst them MRSA isolates were identified by conversional 
methods and PVL; genotyping were determined using PCR and pulsed-field gel electrophoresis (PFGE).
Results: Fifty-nine out of 114 (51.7%) isolates were MRSA carrying mecA, 18/59 (31%) harboured SCCmec type I, 12/59 (20.1%) harboured SCCmec 
type II and 12/59 (20.1%) harboured type III. The pvl gene was detected in 10 S. aureus isolates, six MRSA and four MSSA. PFGE clustered the 114 
isolates of S. aureus into eight predominant types (designated A – H). The most prevalent PFGE type was type A (n = 44, 37.7%).
Conclusions: More than a quarter of the strains harboured SCCmec type I. Staphylococcus aureus isolates were clustered into eight 
predominant PFGE pulsotypes. The current study should be considered preliminary and further use of molecular studies to monitor the 
epidemiology of MRSA and its evolution is highly recommended.
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1. Background
Staphylococcus aureus is a Gram-positive bacterium, 

causes both community and hospital-acquired infec-
tions. The bacteria colonise skin and nasal passage in 
human and also cause invasive diseases such as pneu-
monia and sepsis (1). With the introduction of penicil-
lin, the mortality from S. aureus infections decreased 
dramatically. However, such a decrease was short-lived 
due to the emergence of penicillinase producing S. aure-
us (1). Methicillin was subsequently introduced to treat 
S. aureus infections, but methicillin-resistant S. aureus 
(MRSA) strains rapidly emerged and became a major 
problem in hospitals in the 1960s. The mecA gene, which 
is responsible for methicillin resistance is carried on a 
mobile genetic element of a 21 to 67-kb which is known 
as the staphylococcal cassette chromosome mec (SCC-
mec) (2). This gene encodes a modified penicillin-bind-
ing protein (PBP-2a) with low affinity for beta-lactam an-
tibiotics such as methicillin. SCCmec characterization 
depends upon the variations of the mec gene complex, 
cassette chromosome recombinase (ccr) complex, and 
the junkyard regions. Five SCCmec categories (I to V) 
were originally identified in S. aureus (3-5). In addition, 
SCCmec VI and VII types have also been discovered, but 

they are not as common as the others are. PVL is a two-
component S. aureus spore-forming protein encoded by 
the lukF-PV and lukS-PV genes (6). PVL toxin is responsi-
ble for the increased virulence of community acquired 
MRSA (CA-MRSA), since this gene is responsible for many 
of the severe clinical syndromes of MRSA such as severe 
necrotising pneumonia (3-5).

2. Objectives
Studying CA-MRSA and its genotyping was conducted in 

Iraq (3-5). The current study aimed to determine the prev-
alence of PVL-containing MRSA isolates, the SCCmec types 
in methicillin resistant staphylococci and the prevalent 
MRSA genotypes in S. aureus strains isolated from health-
care workers in Duhok city.

3. Materials and Methods

3.1. Bacterial Identification and Antimicrobial Sus-
ceptibility Testing

Author had access to 114 S. aureus strains isolated from 
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healthcare workers (HCWs). The frozen isolates were 
directly inoculated onto mannitol salt agar plates and 
incubated aerobically at 35ºC for 48 hours. The isolates 
were identified as S. aureus based on Gram stain, cata-
lase test, coagulase test, and mannitol salt agar fermen-
tation. Antimicrobial susceptibility testing to oxacillin 
was carried out adopting the Kirby-Bauer disk diffusion 
and agar dilution assay methods using Muller-Hinton 
agar (Oxoid Limited, Hampshire, England), according 
to the recommendations of the clinical laboratory stan-
dards institute (CLSI) (7, 8).

3.2. DNA Extraction and PCR for mecA and pvl Genes
DNA was extracted from S. aureus isolates using the 

Qiagen DNA purification kit according to the manu-
facturer’s instructions (DNAEASY, Qiagen). All meth-
icillin-resistant isolates were examined for the pres-
ence of the mecA gene. The presence of the mecA gene 
was confirmed by PCR amplification as described by 
Murakami et al. (9). Thermal cycling conditions to am-
plify mecA were 95ºC for 30 seconds, 58ºC for one min-
ute, and 72ºC for two minutes, for a total of 35 cycles. 
PCR amplification of mecA used previously described 
primers (MR1: GTG GAA TTG GCC AAT ACA GG and MR2: 
TAG GTT CTG CAG TAC CGG AT primers), which can 
amplify a 1399 base pair fragment specific for mecA 
(10). The PVL was amplified using standard protocols 
under the following thermal cycling conditions: 35 
cycles, each consisting of denaturation at 95°C for 
30 seconds, annealing at 55ºC for one minutes, and 
elongation at 72ºC for two minutes. Primers Luk-PV-1 
(ATCATTAGGTAAAATGTCTGGACATGATCCA) and Luk-
PV-2 (GCATCAAGTGTATTGGATAGCAAAAGC) were used 
(11). Amplification for both mecA and pvl genes started 
with an initial denaturation at 95ºC for 60 seconds 
and a final elongation step of five minutes at 72ºC. Re-
actions were performed in 25 µL volumes containing 1 
µL of genomic DNA, 1 µL primer, 0.5 µL of Taq DNA poly-
merase, 0.5 µL dNTPs, and 2.5 10x PCR buffer. Then 5 µL 
of the PCR products were electrophoresed in 1.5% wt/
vol agarose gel for 40 minutes at 80 V in 1x TAE buffer. 
All PCR products were stained with ethidium bromide 
(1 mg/L) and visualized under UV light; 100bp DNA lad-
der (Gibco, Paisley, UK) was used as a size marker (M) 
in all products.

3.3. SCCmec Typing
SCCmec typing was performed according to the 

previously described protocol of Zhang et al. (12). The 
PCR was run under the following conditions: dena-
turation step at 94ºC for five minutes followed by 10 
cycles of 94ºC for 45 seconds, 65ºC for 45 seconds, and 
72ºC for 90 seconds and another 25 cycles of 94ºC for 
45 seconds, 55ºC for 45 seconds, and 72ºC for 90 sec-
onds, ending with a final extension step at 72ºC for 10 
minutes and followed by a hold at 4ºC. The PCR am-

plicons were visualized via UV light after electropho-
resis on a 2% wt/vol agarose gel containing 0.5 µg/mL 
ethidium bromide.

3.4. Pulsed-Field Gel Electrophoresis
PFGE was carried out as previously described (13). DNA 

was digested by SmaI restriction enzyme (New England) 
and loaded into 1% agarose gel and ran at 14ºC in TBE using 
a CHEF-DR III system (Bio-Rad). The PFGE was performed at 
200 V with an initial switch time of five seconds and final 
switch time of 40 seconds, the included angle was 120ºC 
and the total run time was 21 hours. The generated DNA 
fingerprints were analysed according to the criteria pro-
posed by Tenover et al. (14). BioNumerics software was used 
to determine similarities of banding patterns (version 4.5; 
Applied Maths). The cluster analysis was conducted via the 
unweighted pair group method analysis (UPGMA). Isolates 
with a coefficient of similarity ≥ 75% were considered one 
pulsotype and labelled alphabetically. In addition, isolates 
with a coefficient of similarity ≥ 50% were grouped in a 
separate pulsotype. Isolates with a similarity between 50% 
and 75% were regarded as PFGE subtypes.

3.5. Statistics
Data were transferred to the statistical package for so-

cial science (SPSS) software version 19 for analysing.

4. Results

4.1. MRSA and MSSA
Amongst the 114 strains, 59 isolates were resistant to 

oxacillin.

4.2. mecA, SCCmec and PVL
The presence of mecA, the genes encoding SCCmec type 

and PVL toxin were investigated. All MRSA strains were 
positive for mecA. Additionally, the SCCmec types I, II and 
III were screened among the MRSA isolates, SCCmec types 
I, II and III were 31% (18 isolates), 20.1% (12 isolates) and 
20.1% (12 isolates), respectively. Additionally, 19.2% of the 
strains were type IV (10 strains). Among the 114 isolated S. 
aureus, 10 strains carried the genes encoding PVL: six for 
MRSA and four for MSSA.

4.3. PFGE
All 114 S.  aureus isolates were clustered into eight pre-

dominant PFGE pulsotypes (designated types A – H) (Ta-
ble 1). The most prevalent PFGE type was type A (n = 43, 
37.7%). Isolates with type A had 7 subtypes named A1 – A7, 
and among them the most predominant subtype was A1 
(10/44). Isolates with type B had three subtypes B1 - B3. 
Other pulsotypes, C, D, E, F, G and H were less common 
with fewer subtypes, C1 and C2 and D1 and D2. Pulsotypes 
E - H had no subtypes (Table 2).
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Table 1. The Number of Strain Pulsotype in Staphylococcus aureus Strains Isolated From Healthcare Workers in Iraq

Pulsotype MRSA MSSA Strains, No. (%)

A 21 22 43 (37.7)

B 13 12 25 (21.9)

C 5 5 10 (8.77)

D 6 4 10 (8.77)

E 8 2 10 (8.77)

F 3 3 6 (5.26)

G 1 4 5 (4.38)

H 2 3 5 (4.38)

Total 59 55 114
Abbreviation: MRSA, methicillin-resistant S. aureus; MSSA, methicillin susceptible S. aureus.

Table 2. The Distribution of SCCmec in Methicillin-Resistant Staphylococcus aureus Strains According to the Pulsotype

Pulsotype Number of SCCmec

I II III IVa IVb IVd IVc V Total Untypable

A 9 5 2 2 1 1 0 0 20 1

B 3 3 4 2 0 0 0 0 12 1

C 1 0 1 2 0 0 0 0 4 1

D 4 0 0 1 1 0 0 0 6 0

E 1 4 1 0 0 0 0 0 6 2

F 0 0 2 0 0 0 0 0 2 1

G 0 0 0 0 0 0 0 0 0 1

H 0 0 2 0 0 0 0 0 2 0

Total 18 12 12 7 2 1 0 0 52 7

5. Discussion
This project showed that all MRSA strains were positive 

for mecA and the rate of strains harbouring SCCmec types 
I, II and III were 31%, 20.1% and 20.1%, respectively. SCCmec 
type IV was less common than other genotypes since 
19.2% of the strains were SCCmec type IV. Such a diversity 
was also found in Iran (15), where 3.4% of MRSA strains 
were found to be SCCmec type I, 13.8% SCCmec type II, 9.2% 
SCCmec type IVb, 4.6% SCCmec type IVd and 3.4% SCCmec 
type V. In the same study, there was also a high frequency 
of non-typeable strains as 58.6% of MRSA strains were 
non-typeable. However, such diversity was not found in 
in Turkey since the study showed that 22 MRSA isolates 
which were tested for SCCmec types were SCCmec type 
III (16). The analysis of MRSA isolates in Holland showed 
that 8% of nosocomial isolates carry the locus for PVL. In 
Iran, the prevalence of MRSA, the pvl gene and MRSA-PVL 
isolates were 32%, 19%, and 10%, respectively (17). In Ger-
many, the prevalence of MRSA isolates among HCWs was 
11.3%, among which 9.1% of the isolates were positive for 
PVL (18). Worldwide, there is an increase in the spread of 
PVL-positive MRSA clones (19). The current study found 
that the prevalence of pvl gene, MSSA-PVL and MRSA-PVL 

isolates were 16.9%, 6.8% and 10.1 % respectively. This study 
should be considered preliminary and further use of mo-
lecular studies to monitor the epidemiology of MRSA and 
its evolution in these hospitals in the country is highly 
recommended. Pulsed Field Gel Electrophoresis (PFGE) is 
considered the gold standard typing method for epide-
miological tracing of a variety of bacterial species includ-
ing S. aureus since it is highly discriminatory, stable and 
reproducible (20). Newer techniques such as multilocus 
sequence typing (MLST), spa-typing and DNA sequencing 
allow typing equally well as the PFGE. However, the need 
for trained staff and highly expensive equipment made 
the use and the availability of these techniques difficult 
in Iraq. In the current study, more than 50% of S. aureus 
isolates were pulsotype A or B indicating that they might 
have spread from the same sources. In addition, the ob-
tained data should be considered as baseline informa-
tion and to understand the changes in the prevalence of 
molecular subtypes and the transmissibility pattern of 
such strains, further studies are needed to investigate iso-
lates from clinical samples and compare them to strains 
obtained from healthcare workers. To conclude, more 
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than a quarter of the current studied strains harboured 
SCCmec type I. Staphylococcus aureus isolates were clus-
tered into eight predominant PFGE pulsotypes and the 
most prevalent PFGE type was type A. Further use of mo-
lecular studies to monitor the epidemiology of MRSA and 
its transmission patterns in these hospitals in the coun-
try is highly recommended.
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