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SUMMARY
Objectives: Staphylococcus aureus (SA) represents one of the most important microorganism that is part of the normal microflora of humans, 

but in certain conditions can cause very serious infections. Methicillin-resistant Staphylococcus aureus (MRSA) is responsible for a wide spectrum 
of nosocomial and community associated infections worldwide. The aim of this study was to determine community acquired MRSA (CA-MRSA), 
as well as the frequency of Panton-Valentine leukocidin (PVL) genes and staphylococcal cassette chromosome mec (SCCmec) types in isolates 
obtained from outpatients in the region of 700,000 people (Canton Sarajevo, Bosnia and Herzegovina)

Methods: Our investigation included phenotypic and genotypic markers such as antimicrobial resistance, pulsed-field gel electrophoresis 
(PFGE), SCC typing, and PVL detection.

Results: Antimicrobial susceptibility: all MRSA isolates were resistant to the β-lactam antibiotics tested, and all isolates were susceptible to 
trimethoprim sulphamethoxazole, rifampicin, fusidic acid, linezolid, and vancomycin. After the PFGE analysis, the isolates were grouped into five 
similarity groups: A–E. The largest number of isolates belonged to one of two groups: C – 60% and D – 27%. In both groups C and D, SCCmec 
type IV was predominant (60% and 88.8%, respectively). A total of 24% of the isolates had positive expression of PVL genes, while 76% showed 
a statistically significantly greater negative expression of PVL genes.

Conclusions: Using combination techniques, we were able to investigate the origin and genetic background of the strains. PFGE analysis re-
vealed two large, genetically related groups of strains consisting of 87 isolates. Our results suggest failure to apply the screening policy, and a lack 
of knowledge about multiresistant MRSA strains. This study showed the local epidemiological situation which should be the basis of antimicrobial 
empiric therapy for non-hospitalized patients.
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INTRODUCTION

Staphylococcus aureus (SA) represents one of the most im-
portant microorganism that is part of the normal microflora of 
humans, but in certain conditions can cause very serious infec-
tions. Approximately 20–30% of the general human population 
is persistently colonized with SA (1). Staphylococcus normally 
causes a spectrum of infections ranging from common, mild skin 
and soft tissue infections to hematogenous infection with multi-
organ injury. Staphylococcus aureus is notorious for its ability 
to become resistant to antibiotics, therefore, treatment of these 
infections has become problematic due to the development of 
resistance, especially methicillin-resistant SA (2).  

Methicillin-resistant SA (MRSA) includes those strains that 
have acquired a gene giving them resistance to methicillin and 

essentially all other beta-lactam antibiotics. MRSA was first re-
ported in 1961, soon after methicillin was introduced into human 
medicine to treat penicillin-resistant staphylococci. This group 
of organisms has since emerged as a serious concern in human 
medicine (3). MRSA was first reported as a hospital-acquired 
pathogen in human hospitals (4).

During the past four decades, MRSA is largely a hospital-ac-
quired (HA) infection, in fact, one of the most common. Recently, 
new strains have emerged in the communities that are capable 
of causing severe infections in otherwise healthy people. These 
strains are known as community-acquired methicillin-resistant 
SA (CA-MRSA) (4). By using molecular and epidemiological 
techniques, it became evident that CA-MRSA strains have ge-
netic and phenotypic characteristics that are different from those 
of HA-MRSA. CA-MRSA tends to be susceptible to a variety 
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of non-β-lactam antibiotics, whereas HA-MRSA are typically 
multiresistant to antibiotics. 

The resistance of SA to beta-lactam antibiotics is associated with 
an expression of penicillin-binding protein 2a (PBP2a). This protein 
is encoded by the mecA gene, which is situated on a mobile genetic 
element, staphylococcal cassette chromosome mec (SCCmec) (5). 
So far, there are 11 known and described types of SCCmec. Based 
on SCCmec typing, HA-MRSA usually carry SCCmec I, II, and 
III, while CA-MRSA strains typically harbour SCCmec types IV 
and V, as many other types (VI-XI). SCCmec types IV and V are 
smaller in size compared to SCCmec types I, II and III (6). 

In addition, CA-MRSA are more likely than HA-MRSA iso-
lates to encode a putative virulence factor, i.e. Panton-Valentine 
leukocidin (PVL). Panton-Valentine leukocidin is a pore-forming 
bicomponent cytotoxin that results in leukocyte lysis. The toxin is 
encoded by two genes, lukS-PV and lukF-PV, which are carried on 
a bacteriophage that has incorporated itself into the S. aureus chro-
mosome. It is capable of destroying human leukocytes and inflict-
ing severe tissue damage. PVL may be the key toxin responsible 
for enhanced virulence of CA-MRSA, but this is controversial (7).   

Although the direct role of PVL in the pathogenesis of CA-MR-
SA-mediated infections is unclear, several studies have reported 
an association between PVL and skin and soft-tissue infections, 
necrotizing pneumonia, and osteomyelitis (8, 9).    

The aim of this study was to determine CA-MRSA, as well as 
the frequency of PVL genes and staphylococcal cassette chromo-
some mec (SCCmec) types in isolates obtained from outpatients 
in the region of 700,000 people. They all belong to the Microbi-
ology Laboratory of the Institute of Public Health of the Canton 
Sarajevo, Bosnia and Herzegovina.

MATERIALS AND METHODS

During the 6-month period, a total of 2,279 Staphylococcus 
aureus strains were isolated from the patient samples of patients 
visiting the Laboratory of the Institute of Public Health of Canton 
Sarajevo, Bosnia and Herzegovina.

The strains were recovered from different samples including 
nose swabs, throat, ear, eye, umbilicus swabs, wound and skin 
swabs. Swabs were streaked onto sheep blood agar (5% Colum-
bia agar base) (Oxoid Microbiology Products, UK) for detection 
of gram-positive bacteria and incubated overnight at 37 °C. 
Colonies with typical morphology were identified by standard 
microbiological tests such as catalase, tube coagulase, mannitol 
fermentation, and DNase. 

The isolates were tested for methicillin resistance by disc dif-
fusion (DD) test at Mueller-Hinton (MH) (Oxoid Microbiology 
Products (UK, CM0337) agar using oxacillin (1 µg) and cefoxi-
tin (30 µg) according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines (September 2018). The plates were 
incubated at 37 °C for 18 hours and zones of inhibition were meas-
ured. An inhibition zone of ≥ 13 mm was considered susceptible, 
11–12 mm was considered intermediate and ≤ 10 mm resistant 
for oxacillin. An inhibition zone of ≥ 20 mm was considered 
susceptible and ≤ 19 mm resistant for cefoxitin. 

Further they have been tested by phenotypic methods for 
MRSA strains. The following methods were used: E-test MIC, 
chromID MRSA test and PBP2a latex agglutination test.

E-test 
Minimal inhibitory concentrations (MICs) were determined 

with the E-test system (BioMerieux, Marcy L’Etoile, France) 
according to the manufacturer’s instructions. Briefly, Mueller-
Hinton agar plate supplemented with 2% NaCl was used. An 
inoculum of SA isolates was applied and an oxacillin (Ox) 
E-test strip having a gradient range of 0.016–256 µg/ml was 
placed on the plate. After 24 hours incubation at 35–37 °C 
in ambient air, the plates were read using a transmitted light 
source. MIC of 2 µg/ml were considered susceptible and 4 
µg/ml resistant.

ChromID MRSA Test
ChromID MRSA test (bioMérieux, France) is a chromogenic 

medium comprised of a rich nutritive base of different peptones 
and a combination of antibiotics, including cefoxitin for the selec-
tion of growth of MRSA. Activity of the α-glukosidase by MRSA 
produces green-coloured colonies. Inoculated plates are incubated 
aerobically between 35 °C and 37 °C, while minimizing exposure 
to light. The plates are approved to be examined after 24 hours 
and if any green-coloured colonies are observed, no confirmatory 
test is needed for the identification of MRSA.

PBP2a Latex Agglutination Test
The Slidex MRSA Detection (Biomérieux, Paris, France), 

which is based on the agglutination of latex particles sensitized 
with monoclonal antibodies against PBP2a, was carried out and 
interpreted according to the manufacturer’s instructions.

Antibiotic Susceptibility Testing 
All MRSA isolates were tested for antimicrobial susceptibility 

through disk diffusion method (Kirby-Bauer), according to the 
Clinical and Laboratory Standards Institute (CLSI) guidelines. 
Susceptibility was tested to a panel of 12 antibiotics: oxacillin, 
cefoxitin, erythromycin, clindamycin, linezolid, ciprofloxacin, 
sulfamethoxazole-trimethoprim, tetracycline, fusidic acid, ri-
fampicin, vancomycin, and gentamicin. In case of fusidic acid, 
the European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines from 2018 were used.

We selected a representative sample of 100 strains, eliminat-
ing the “copy” strains (strains from the same patient at different 
places and those that are repeated) randomly trying to follow 
the dynamics of equal representation of different months study 
period. The isolates were stored at −70 °C and transported to the 
Department of Clinical and Molecular Microbiology, University 
Hospital Centre Zagreb, Croatia, where they were analyzed by 
molecular methods.

Molecular Analysis
Molecular analysis of the SCCmec cassette was performed us-

ing a method previously described by Oliveira and de Lencastre 
(10), with certain modification described by Budimir et al. (11). 
PVL was detected using PCR primers previously described by 
Lina et al. (12). PFGE was performed as described in the study 
by Tenover et al. with some adjustments (13, 14). 
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The band patterns were analyzed with Dice comparison and 
unweighted-pair group matching analysis settings with GelCom-
par II (Applied Maths, Sint-Martens-Latem, Belgium) according 
to the scheme by Tenover et al. (14). Relatedness of 80% or more 
was considered significant, and strains with at least 80% similar-
ity were considered to be related to each other and were grouped 
together in a similarity group or genotype. 

Spa typing was performed according to previously published 
methods (15, 16). An analysis of sequence chromatograms was 
performed using Ridom Staph Type (Ridom GmbH, Wurzburg, 
Germany).

Statistical Analysis
All data were expressed as the mean SD or as median and 

interquartile range. The distribution of variables was tested by 
the Kolmogorov-Smirnov test. For the analysis of categorical 
variables was used chi-square test or Fisher test. The difference 
between variables was analyzed by the Mann-Whitney test.  
P-values less than 0.05 were considered statistically significant. 
All statistical calculations were performed with the SPSS 16 
software (version 16.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Out of 2,279 Staphylococcus aureus strains, 653 were 
methicillin-resistant Staphylococcus aureus. A total of 653 
methicillin-resistant SA isolates were collected out of patient 
samples admitted to the Laboratory of Institute of Public Health 
of Canton Sarajevo, Bosnia and Herzegovina.

We selected a representative sample of 100 strains, eliminat-
ing the “copy” strains (strains from the same patient at different 
places and those that are repeated). Among one hundred MRSA 
isolates 49 (49%) were from males and 51 (51%) from females. 
There was no significant sex difference in MRSA distribution. 
The mean age of examinees was 10.9 ± 18.7 years. Of the total 
number of isolates largest number of isolates included in our study 
was isolated from nasal swabs or nasopharyngeal (41%), 35.0% 
isolates were from skin swabs, 7% from pustules, 5% from wound 
infections, 3% from throat swabs, 3% from ear swabs, and 6% 
from various other body sites.  

All MRSA isolates were resistant to the β-lactam antibiotics 
tested, i.e. penicillin, oxacillin cefoxitin, and all isolates were 
susceptible to trimethoprim – sulphamethoxazole, rifampicin, 
fusidic acid, linezolid, and vancomycin; 68% of MRSA isolates 
were resistant to erythromycin, 5% to clindamycin, 5% to gen-
tamicin, and 4% to ciprofloxacin (Table 1).

The most prevalent SCCmec element was type IV (86%), 
followed by SCCmec I (4%), and SCCmec type V (1%). Non-
typeable strains were also found in 9% of cases. No isolates with 
SCCmec III were found during this analysis. For the analysis of 
categorical variables was used chi-square test. A summary of the 
results is presented in Figure 1.

A total of 24% of isolates had positive expression of PVL 
genes, while 76% showed a statistically significantly greater 
negative expression of PVL genes (p < 0.05).

Of 24 PVL positive isolates, 16 were recovered from samples 
skin changes swabs, while 8 were from nasal swabs (Table 2).

Resistant Sensitive

n (%) n (%)
Penicillin 100 (100) 0
Oxacillin 100 (100) 0
Cefoxitin 100 (100) 0
Erythromycin 68 (68) 32 (32)
Clindamycin 5 (5) 95 (95)
Sulfamethoxazole + trimethoprim 0 100 (100)
Rifampin 0 100 (100)
Fusidic acid 0 100 (100)
Gentamicin 5 (5) 95 (95)
Ciprofloxacin 4 (4) 96 (96)
Linezolid 0 100 (100)
Vancomycin 0 100 (100)

Table 1. Antimicrobial susceptibility patterns (N = 100)

Fig. 1. SCCmec types distribution among MRSA isolates.
NT – non-typeable

MRSA strains

Source of specimens
Total

Swabs
Sputum

Nose Throat Ear Eye Umbilicus Wound Skin Pustule n (%)
PVL positive 8 16 24 (24)*
PVL negative 33 3 2 2 1 5 24 5 1 76 (76)

Table 2. Different MRSA strains in relation to PVL gene (N = 100)

*p < 0.05, PVL – Panton-Valentine leukocidin
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After the PFGE analysis, the isolates were placed together in 
five similarity groups: A–E. The largest number of isolates (87%) 
belonged to one of two groups: C (60%) and D (27%).  

Group A included three isolates, which were SCCmec type 
IV. In this group there were not PVL positive isolates. Group B 
included four isolates, where three isolates were SCCmec type 
I, while one was SCCmec type IV. There were not PVL positive 
isolates in this group as well. Group C represents the largest 
group in our PFGE analysis. All isolates of this group belong 
to SCCmec type IV. In this group of 28, 33% of isolates were 
PVL positive. Group D included 27 isolates, of which three were 
non-typeable, and the rest belong also to SCCmec type IV. In this 
group, only two isolates were PVL positive. Group E included 3 
isolates, SCCmec type I, IV and V. These three isolates were not 
PVL positive. Three isolates were singletons, i.e., not similar to 
any of the other strains.

One of 100 isolates could not be typed using PFGE, either 
owing to difficulties with lysis of the bacteria or the digestion of 
the DNA. A total of 5 similarity groups (A to E) were found and 
two of these, C and D, were classified as major similarity groups 
(Figure 2). Similarity group C harboured 60 of 100 isolates, 
whereas similarity group D harboured 27 of 100 isolates. In both 
groups C and D, SCCmec type IV was predominant (i.e. 60% and 
88.8%, respectively). 

DISCUSSION

Our study showed, for the first time in Bosnia and Herze-
govina, the emergence and molecular detection community-
associated methicillin resistant Staphylococcus aureus. Since 
many definitions for CA-MRSA exist (17), general and inter-
national agreement has been reached on a universal definition 
of CA-MRSA. The Center for Disease Control and Prevention 
(CDC) defines CA-MRSA as strains isolated in an outpatient 
setting, or from patients within 48 hours of hospital admission. 
Furthermore, these patients must have no medical history of 
MRSA infection or colonisation, and no medical history in the 
past year of either hospitalisation (e.g. surgery), admission to 
a nursing home, or dialysis. Moreover, the patient should not 
have permanent in-dwelling catheters or medical devices that 
pass through the skin.

These infections are commonly referred to as community-
acquired MRSA. CA-MRSA infections are endemic and regarded 
as a major public health care concern worldwide (18), CA-MRSA 
demonstrates resistance to penicillin and methicillin but remains 
susceptible to non-β-lactam antimicrobials, such as clindamy-
cin, sulfamethoxazole-trimethoprim, and tetracyclines. Our 
results confirmed such trends and indicated lower resistances to 
clindamycin, ciprofloxacin, erythromycin, and gentamicin (17). 
Additionally, all isolates were susceptible to sulfamethoxazole-tri-
methoprim, rifampicin, fusidic acid, linesolide, and vancomycin. 
Results in region countries (e.g. Croatia) were in concordance with 
our results regarding antimicrobial susceptibility (19). General 
health decline with age, higher antibiotic regimens, lack of proper 
education, and less frequent visits to physicians are influential 
factors in the rapid evolution of antibiotic-resistant species. 

PVL is SA specific exotoxin and its genes have been demon-
strated primarily among CA-MRSA (20). 

Fig. 2. PFGE dendrogram of methicillin-resistant Staphylococ-
cus aureus isolates included in the study. 
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Several studies showed that PVL genes were found in < 5% of 
S. aureus isolates worldwide, whereas the rates of carriage of the 
PVL toxin gene are > 75% for CA-MRSA strains (21). However, 
in our study was shown 24% of PVL positive from CA-MRSA. 
This big different rate of PVL positive from CA-MRSA might be 
caused by the fact that of 100 representative samples subjected to 
molecular analysis was only 35% isolates of the skin. Furthermore, 
if we show only skin isolates in this study, there are 45.71% (16 
PVL+) of positive PVL from CA-MRSA.

High rates of PVL-producing MRSA were reported in previous 
studies in the general population, in several countries such as the 
USA (22) and Tunisia (23). On the contrary, lower rates or no 
PVL positive MRSA were reported in other countries, e.g. 15% 
in the Netherlands (24), 0.7% in Japan (25), and near to zero in 
some English hospitals (26).  

For detection of PVL and methicillin-resistance (mecA) genes 
represent a new tool to aid the early identification of CA-MRSA 
isolates (27). Using multiplex PCR, both of two parameters, PVL 
and mecA did not find from our 76 samples but were separately 
detected. The identification of S. aureus isolates carrying PVL 
genes is an important first step in controlling the virulence. The 
combination of both PVL and mecA shows very potent virulence 
with resistance to antibiotics such as oxacillin. Consequently, it 
is very important to identify serious and harmful S. aureus from 
both detection of PVL and mecA. However, several studies are 
shown such as PVL (−) MSSA, PVL (+) MSSA, PVL (−) MRSA 
and PVL (+) MRSA (21–26).  

The resistance of bacteria is caused by acquisition of the 
methicillin resistance gene mecA, carried by the staphylococcal 
cassette chromosome mec (SCCmec). By the time the Guidelines 
for the classification of SCCmec elements were prepared, eleven 
SCCmec types have been described for SA (28).  

SCCmec types IV and V elements generally carried by CA-
MRSA strain were reported (29). In our study, 86% isolates car-
ried the SCCmec type IV complex that included all PVL positive 
strains. Only one isolate carried the SCCmec type V complex 
but it was PVL negative strain. Comparison grouping by PFGE 
and SCCmec typing was used to determine whether our strains 
belonged to HA- or CA-MRSA strains. The majority of isolates 
in PFGE group C represented the largest group in our PFGE 
analysis. All isolates of this group belonged to SCCmec type IV. 
In this group of 28, 33% of isolates were PVL positive. Group 
D included 27 isolates, of which three non-typeable, and the rest 
belong also to SCCmec type IV. In this group, only two isolates 
were PVL positive.

Boyle-Vavra and Daum (18) found that 50 to 93% of the S. 
aureus strains causing primary skin infections produce PVL, in 
accordance with the results of our research. Furthermore, a study 
by Gillet et al. (8) demonstrated a strong association between PVL 
and necrotizing pneumonia in healthy children and young adults. 
From these studies, the authors hypothesized that the propensity 
of many CA-MRSA strains to cause severe skin and soft tissue 
infections and, occasionally, necrotizing pneumonia is due to 
their ability to produce PVL (8). Consequently, community-based 
healthcare providers such as family doctors play a key role in 
transmission prevention. This case highlights the importance of 
increased awareness when dealing with recurrent skin infections 
affecting either individuals or individuals closely associated with 
each other, as in a family setting.  

Our study has several limitations. First, the relatively small 
sample of respondents and short period of research. Second, the 
examination did not include all microbiological laboratories in the 
country. There is a need for national monitoring of the spread of 
existing epidemic strains, as well as the emergence of new strains, 
which would allow the inclusion of Bosnia and Herzegovina in an 
international network of monitoring resistant bacteria.

CONCLUSION

Using combination techniques, we were able to investigate 
the origin and genetic background of the strains. PFGE analysis 
revealed two large, genetically related groups of strains consisting 
of 87 isolates. Our results suggest failure to apply the screening 
policy, and a lack of knowledge about multiresistant MRSA 
strains. This study showed the local epidemiological situation 
which should be the basis of antimicrobial empiric therapy for 
non-hospitalized patients.
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