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ABSTRACT

Background: The increase in the incidence of methicillin-resistant Staphylococcus aureus (MRSA) infections lacking risk factors
for exposure to the health care system has been associated with the recognition of new MRSA clones known as community-
associated MRSA (CA-MRSA). These strains have been distinguished from health care-associated MRSA (HA-MRSA) strains by
epidemiological, molecular and genetic means as well as by antibiotic susceptibility profile, tissue tropism and virulence traits.
Objective: To assess prevalence and antibiotic susceptibility profile of CA-MRSA in Canton Sarajevo, Bosnia and Herzegovina.
Results: Out of 1.905 positive Staphylococcus aureus isolates from various samples of outpatients collected during six months,
279 (14,64%) were MRSA isolates. Out of 279 MRSA samples, 133 (47,67%) were found in nasal swabs, from which 48 (36,09%)
were in the age group <1year and 39 (29,32 %) are in the age 1-5 year. Rate of the positive skin swabs was highest among the
subject of age group <1year (46 or 54,12 %) and 1-5 year (18 or 21,18 %). Predominantly antibiotic types among MRSA strains
are resistant to penicillin and cefoxitin (36,90 %) and to penicillin, cefoxitin and erythromycin (61,35 %). Conclusion: Continued
monitoring of epidemiology and emerging drug resistance data is critical for the effective management of these infections.
Key words: methicillin-resistant Staphylococcus aureus, community-associated MRSA, health care-associated MRSA, drug
resistance.

1. INTRODUCTION

Staphylococcus aureus is an opportunistic pathogen of-
ten carried asymptomatically in the human body but it can
also be the main cause of purulent infections in humans
with the potential to engage all tissues and all anatomic
sites. If S. aureus strains acquire the mecA gene, which is
carried on a large mobile genetic element called the staphy-
lococcal chromosomal cassette mec (SCCmec), they become
methicillin-resistant S. aureus (MRSA) strains resistant to
all beta-lactam antibiotics.

At the end of the nineties of the last century, a separate
entity of MRSA emerged in the community — community
acquired MRSA (CA-MRSA) which except the similarity
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with HA-MRSA (hospital acquired MRSA) had significant
differences in the epidemiological, molecular and genetic
sense as well as on antibiotic susceptibility, tissue tropism
and virulence traits. The increase in the prevalence of CA-
MRSA in many countries leads to the associated morbidity
and mortality of this infection and suggests that infection
with this bacteria lead to develop a new public-health prob-
lem. According to CDC case definition from 2000, there are
several risk components which have defined the burden of
CA-MRSA and HA-MRSA isolates, both of which circulate
in the community and hospital settings. Any MRSA in-
fection would be considered CA-MRSA if it is diagnosed
among outpatients earlier than 48h after hospitalization
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SAMPLE

Nasal Throat Conjunctival ~ Outer ear Skin Wound S Vul.va/ Cervical Urethral
AGE swab swab swab swab swab swab ,Filu(tozgn Vjv%;nsl swab swab LO(E:;'

N (%) N (%) N (%) N (%) N (%) N (%) N O N (%) N (%)
<1 48 (36,09  3(60,00) 4(30,77) 4(23,53) 46 (54,12)**  1(5,00) 106 (37,99)
1-5 39(29,32)*  2(40,00) 1(7,70) 1(5,88) 18(21,18)** 1(5,00) 62(22,22)
6-15 16 (12,03) 1 (7,70 1(5,88) 6(7,06) 1(5,00) 1(33,33) 269,31
16-25 6(4,5) 2(2,36) 1(5,00) 9(3,22)
26-35 14(10,53) 2(154) 3(17,65) 5(5,89) 2(20,00) 31(11,11)
36-45 4(3,00 2(11,76) 3(3,53) 1(5,00) 1(100,000 113,94
46-55 1(0,79) 1(7,70) 2(11,76) 2(2,36) 2(10,00) 8(2,86)
56-65 1(7,70) 2(11,76) 2 (10,00 5(1,79)
66-75 2(1,9 3(23,08) 2(11,76) 1(1,18) 5 (25,00) 13 (4,66)
76-85 3(2,25) 1(1,18) 1(5,00) 1(100,00) 6(2,14)
86-95 0(0,00)
96-105 1(1,18) 1(5,00) 2(0,72)
TOTAL 133 (100,00) 5(100,00) 13 (100,00) 17(100,00) 85(100.00) 20(100,00) 1(100,00) 3(100,00) 1(100,00) 1(100,00) 279 (100,00)

Table 1. Sources of MRSA strains according to age groups. *p=0,604, **p<0,0001

and if the patients lack the following health care-associated
MRSA risk factors: hemodialysis, surgery, residence in a
health care facility or hospitalization during the previous
year, the presence of an permanent indwelling catheter or
a percutaneous device or previous isolation of MRSA from
the patients (1). Other criteria used to define CA-MRSA
or HA-MRSA infections are: antimicrobial susceptibility
profiles (CA-MRSA isolates have typically been suscep-
tible to most non-f3-lactam antimicrobial agents) (2), PCR
amplification of mecA gene, DNA patterns by pulsed-field
gel electrophoresis (PFGE) (3), the allelic profiles by multi
locus sequence typing (MLST), DNA sequencing of the X
region of the protein A gene (spa typing) (4), SCCmec typ-
ing (5) and PCR amplification of the lukS-PV and lukF-PV
genes encoding Panton-Valentine leukocidin (6). Genetic
characteristics of CA-MRSA infections are associated with
SCCmec type IV and V which lacks other multidrug resis-
tance genes and more frequently associated with Panton-
Valentin leukocidin (PVL toxin) which have been linked
to skin and soft tissue infections and severe necrotizing
pneumonia (7). However, none of these criteria are suitable
for CA-MRSA screening, as each of them may be missing
or found in typical HA-MRSA strains as well. Currently,
there are relatively few dominant CA-MRSA lineages found
worldwide. They include ST1-IV(USA400); ST8-IV (USA300);
ST30-IV (Pacific/Oceania);ST59-IV and V (USA1000, Taiwan);
ST80-IV (European CA-MRSA strain) (7). CA-MRSA is cur-
rently a human health problem in nearly all industrialized
countries in various ranges. In the US the prevalence of
these strains was recently reported as >50% while in France
in 2000-2003 CA-MRSA were isolated from 1-3% of all skin
and soft tissue infections (8). The risk factors for acquisition
of CA-MRSA are: history of colonization/infection with CA-
MRSA, close contact with a person colonized/infected with
CA-MRSA, adults older than 65 years; children younger
than 2 years, neonates, indigenous people and special com-
munities (contact sports, injection drug use, living in poor
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conditions, military personnel, men who have sex with men
etc) (8,9). While HA-MRSA cases reflect the age distribution
of hospitalized elder patients, CA-MRSA predominantly
affects otherwise healthy people and usually it peaks in
children and adolescents and 30-40 year old persons. As
the predominant route of transmission, close contact likely
reflects transmission from children to their parents. It
should, however, be noted that when CA-MRSA strains
are introduced into hospitals, it results in clinical pictures
that are indistinguishable from those caused by HA-MRSA
strains. Since 2000, there have been many reported neonatal
CA-MRSA outbreaks in neonatal intensive care units and
other settings. These strains have been associated with
visiting fathers, maternal mastitis, expressed breast milk,
peripartum maternal infections and colonized or infected
health care workers (10). CA-MRSA strains are especially
aggressive, causing skin and soft tissue infections, fasciitis,
necrotizing pneumonia, and blood stream infections (11).
CA-MRSA also has the ability to survive and spread in the
community, leading to an increasing number of colonized
persons in the general population. Carriage rates among
the general population are still low in most places including
Europe (<1%). In the US, the latest NHANES survey in 2003-
4 showed 1,5% positive. In Mexico and Taiwan there have
been far larger carriage rates of MRSA - as high as 10% (12).
That leads to the increased introduction of CA-MRSA into
hospitals by persons without any known risk factors and
CA-MRSA becomes the cause of healthcare-associated infec-
tions (HAI) with significant levels in some countries. 25%
of HA-MRSA infections are caused by the ST80-IV strain in
Greece (13) whereas in the US, CA-MRSA strains, especially
ST8-IV (USA300), are now very frequent in many US hospi-
tals where, to some degree, they have displaced HA-MRSA
strains. In Taiwan ST59-VT causes 13% of HA-MRSA and
47% of MRSA infections in persons with community-onset
infections with healthcare-associated risk factors (HACO-
MRSA) (14). CA-MRSA isolates have typically been suscep-
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MSSA n=1626
PEN FOX ERY CD TSX FA CHL CIP GEN RD TE N (%)
S S S S S S S S S S S 114 (7,00)
R S S S S S S S S S S 1376 (84,60)
R S R R S S S S S S N 120(7,40)
R S S S S S S S R S N 16 (1,00)
Total 1626 (100,00)
MRSA n=279
R R S S S S S S S S N 103 (36,90)
R R R S S S S S S S S 171 (61,35)
R R R R S S S S S S N 1(0,35)
R R S S S R S S S S N 2(0,70)
R R S S S S S S R S N 1(0,35)
R R S S S S S S R S R 1(0,35)
Total 279 (100,00)

Table 2. Antibiophenotypes of isolated MSSA and MRSA strains

tible to most non-beta-lactam antimicrobial drugs including
several oral agents (clindamycin, ciprofloxacin). This enables
clinicians to have a number of options when selecting em-
piric treatments for putative CA-MRSA infections (15). This
study will provide increased options for empirical therapy
of infections caused by these strains. Also these data can
be used for the effective management of these infections.

2. MATERIAL AND METHOD

During six months (from September 2014 to February
2015) there were 1.905 positive Staphylococcus aureus iso-
lates from various samples of outpatients. All laboratory
testing was performed in the microbiological laboratory of
Institute for Public Health of Canton Sarajevo (Bosnia and
Herzegovina). All samples were cultured and identified
using internal protocols, approved for routine application
in general bacteriological procedures in the microbiological
laboratory. For the identification of MRSA strains routine
phenotypic method of disk diffusion with cefoxitin as a rep-
resentative beta-lactam antibiotic was used, which showed
certain advantages in numerous studies in relation to oxacil-
lin. The strains were tested on the antimicrobial sensitiv-
ity of the following antibiotics: penicillin (PEN), cefoxitin
(FOX), erythromycin (ERY), clindamycin (CD), trimethoprim
sulfamethoxazole (TSX), fucidic acid (FA), chloramphenicol
(CHL), ciprofloxacin (CIP), gentamycin (GEN), rifampicin
(RD) and tetracycline (TE) using disk diffusion method ac-
cording to EUCAST (European Committee on antimicro-
bial susceptibility testing). Confirmation of MRSA strains
was done with selective chromogenic medium, Chromatic
MRSA, Liofilchem.

3. RESULTS

Out of 1.905 positive Staphylococcus aureus isolates from
various samples of outpatients in Canton Sarajevo collected
during six months, 279 (14,64 %) were MRSA isolates.

Table 1. presents sources of MRSA strains related to age
divided into groups containing the consecutive ten years
period, except group <1 which is specifically set aside be-
cause of great epidemiological importance for this survey.

Out of total MRSA strains, 133 (47,670%) were found in
nasal swabs, out of there were 48 (36,09%) in the age group
<1 year and 39 (29,32%) are in the age 1-5 year which is not
significant (p=0,604) to relate the other ages.
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Also, MRSA isolates were isolated with higher frequency
from skin swabs so that out of total MRSA strains there were
85 (30,46 %) positive. Rate of the positive isolates was highest
among the subjects of age group <1 year (46 or 54,12 %) and
1-5 years (18 or 21,18 %) which is significant (p<0,0001) in
relation the other ages. Certain area of the skin (perineum,
axillae, gluteal and region of mammae) were mostly the
places of suppurative skin infections especially in new-
borns. In Table 1. can also be seen that CA-MRSA strains
tend to occur in the older age group (> 26 year) as a cause
of conjunctivitis or infection of outer ear and, particularly,
wound infections.

Allisolates of Staphylococcus aureus were tested by disc
diffusion technique to 11 antimicrobial agents: penicillin,
cefoxitin, erythromycin, clindamycin, sulfamethoxazole-
trimethoprim, fucidic acid, chloramphenicol, ciprofloxacin,
gentamycin, rifampicin and tetracycline.

As it can be seen in the Table 2, MSSA strains showed
lower percentage of sensitivity to penicillin (7,00 %) while
the predominant antibiotic phenotype among MSSA cells
is characterized by resistance to penicillin (84,6 %) or to
penicillin and associated with most common inducible type
of resistance of erythromycin to clindamycin (740 %) or to
penicillin with associated resistance to gentamycin (1,00 %).

Predominant antibiotic phenotypes among MRSA strains
are resistant to penicillin and cefoxitin (36,90 %) and to
penicillin, cefoxitin and erythromycin (61,35 %). Also, some
strains show resistance to other antibiotic groups such as
fucidic acid, gentamycin and tetracycline.

4.DISCUSSION

Results of our study indicate a growing trend of iden-
tification of MRSA strains among positive cultures from
various samples of outpatients in Canton Sarajevo. To our
knowledge, this is not the first report of routine surveillance
for this issue in Bosnia and Herzegovina. Prior studies of
MRSA have been reported from hospital and community
condition (16, 17,18, 19, 20, 21). The following trends indicate
the severity of this issue: the increase of MRSA isolates in the
hospital and the community, the increase of staphylococcal
infections resistant to methicillin in relation to the methi-
cillin-sensitive staphylococcus infection in the community
and the growth of MRSA infections in previously healthy
individuals. The emergence and spread of CA-MRSA in
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the hospital environment caused the alarm among officials
and public health clinicians (22). Recent studies provide the
evidence of infiltration of CA-MRSA strains in the hospitals.
The ratio of the isolates in the hospital with IV SCCmec
increased from <20% to>50% between 1999-2004 in the US
hospitals. Another study conducted in intensive care units
showed the increase of MRSA incidence from 35.9% to 64.4%
between 1992-2003, but the number of MRSA isolates that
were resistant to gentamycin, tetracycline and sulfamethox-
azole-trimethoprim reduced which indicated that it was
the word about community acquired strains of MRSA (23).
Although we have no molecular or genetic characteristics
of isolated strains, we can assume with high probability
based on epidemiological and clinical features, antibiotic
susceptibility and tissue tropism that agents analyzed in
this study are CA MRSA strains. The majority of identified
MRSA strains originated from nasal carriers and skin and
soft tissue infections (p<0,0001) in newborns delivered in
the local maternity hospitals and in children of pediatric
age (1-5 year). Generally, infections caused by CA-MRSA
are resistant only to beta-lactams and can carry the gene
for synthesis of Panton- Valentine leukocidin (PVL) that is
responsible for infection of the soft tissue of the skin (24).
In this study, the largest number of isolates had a resistance
only to beta-lactams or to beta-lactams associated with
macrolide but the fact that MRSA strains in the community
appear to be resistant to other groups of antimicrobial agents
such as fucidic acid, tetracycline and gentamicin should be
concerned. That may lead to the emergence of multi-resistant
CA-MRSA cells in the future.

5. CONCLUSION

The lack of data on the prevalence and incidence of CA-
MRSA infection should establish a system of surveillance
of this appearance in the hospital and community settings
in Canton Sarajevo. Data related to the adaptability of this
agent in new environments as well as the comparative
advantages to the nosocomial pathogens suggest that it is
possible to expect complete domination of CA MRSA in
the hospital and community environment. This can lead
to changes in certain epidemiological parameters of noso-
comial infections due to very expressed virulence of this
pathogen so that both healthy and sick people are vulner-
able to infection and because of the possibility of acquiring
multi-resistant genes which can cause serious problems
related to the treatment.
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