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Abstract - The aim of the present study was to provide the first comprehensive analysis of methicillin-resistant Staphylococ-
cus aureus (MrSA) carriage among patients and healthcare workers (HCWs) in the largest healthcare facility in Serbia. 
Specimens from anterior nares obtained from 195 hospitalized patients and 105 HCWs were inoculated after broth enrich-
ment onto chromogenic MrSA-ID medium. In total, 21 of 300 specimens yielded MrSA. Among hospitalized patients, 
7.7% were colonized with MrSA, and 5.7% HCWs were colonized with MrSA. Five out of 21 (23.8%) tested MrSA strains 
were classified as community-associated MrSA (CA-MrSA), and four of them were isolated from HCWs. The remaining 
16 MrSA strains had characteristics of healthcare-associated MrSA (HA-MrSA), and two of them were isolated from 
HCWs. The HA-MrSA strains isolated from HCWs were indistinguishable from HA-MrSA of the same cluster isolated 
from patients. This finding reveals the circulation of HA-MrSA strains between patients and HCWs in the Clinical Center 
of Serbia.
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IntrODuCtIOn

Staphylococcus aureus is an important pathogen of 
serious infections in humans. It is always a challenge 
to treat infections caused by S. aureus, particularly 
isolates resistant to methicillin and related beta-
lactams. Methicillin-resistant S. aureus (MrSA) 
was first reported in the early 1960s, and rapidly in-
creased and spread in the 1980s. nowadays, MrSA 
is endemic in most hospitals in the world (Chen et 
al., 2010). Colonized patients are the chief source of 
MrSA in hospitals and colonized healthcare work-
ers (HCWs) may be involved in the transmission 
of MrSA between patients (Albrich and Harbarth, 
2008). Although multiple body sites can be colo-

nized in humans, the anterior nares are the most 
frequent carriage site for MrSA. In the acute care 
hospital setting, MrSA colonization is associated 
with a higher risk of nosocomial infection and in-
creased hospital costs (patel et al., 2008). reduction 
of MrSA colonization is the most effective measure 
for preventing dissemination of MrSA. Therefore, 
a rapid and sensitive detection method to identify 
MrSA carriers is crucial in MrSA infection con-
trol. Active surveillance cultures for MrSA are now 
part of clinical practice recommendations in both 
europe and the united States. This includes both 
patients and HCWs (verkade et al., 2011). Studies 
of MrSA carriage have been performed in various 
geographic regions, but to our knowledge, no data 



88 IvAnA ĆIrkOvIĆ et Al.

concerning MrSA carriage in Serbia have been pub-
lished so far. 

The aim of the present study was to provide the 
first analysis of MrSA nasal carriage in hospitalized 
patients and HCWs in the largest healthcare facility 
in Serbia and to determine the genetic lineages of the 
circulating MrSA.

MAterIAlS AnD MetHODS

Screening samples

The Clinical Center of Serbia (CCS) in Belgrade is 
the largest healthcare facility in Serbia, with 3 300 
beds. For the present investigation, nasal swabs from 
both nares were taken from 195 hospitalized patients 
and 105 HCWs. 

Culture methods

After the collection, all samples were processed 
within 2 h. each swab was dipped in 3 ml of Mu-
eller-Hinton broth (MHB; bioMérieux, France) sup-
plemented with 6.5% naCl, vortexed for 30 s, and 
incubated for 24 h at 35°C, in air. 50 µl of the sus-
pension was inoculated onto chromogenic medium 
MrSA-ID (bioMérieux, France). All inoculated solid 
media were incubated at 35°C, in air, and read after 
48 h of incubation. 

Identification of isolates

In accordance with the manufacturers’ instructions, 
a colony suggestive of MrSA was subcultured onto 
Columbia blood agar, and later confirmed by pCr 
for nuc (Brakstad et al., 1992) and mecA (Bignardi et 
al., 1996) genes. 

Susceptibility testing

Susceptibility to antibiotics (cephoxitin, chloram-
phenicol, ciprofloxacin, clindamycin, erythromy-
cin, fusidic acid, gentamicin, kanamycin, linezolid, 
mupirocin, penicillin, pristinamycin, rifampin, te-
icoplanin, tetracycline, tobramycin, trimethoprim/

sulfamethoxazole and vancomycin) was performed 
by disk diffusion method in accordance to the ClSI 
recommendations (ClSI, 2010), or the european 
Committee on Antimicrobial Susceptibility testing 
(euCASt) recommendation (euCASt, 2011).

Panton-Valentine leukocidin (PVL) determination

presence of pvl was determined by previously de-
scribed pCr protocol (lina et al., 1999). S. aureus 
AtCC 49775 was used as the positive control. 

DNA Typing

Determination of SCCmec types was performed by 
pCr using primers and protocol as described by 
Boye et al. (2007). S. aureus strains Ht20020290, 
Ht20020285, Ht20030826, Ht20040068, 
Ht20060580 and Ht20020274 served as the con-
trol. 

The presence of agr type was assessed by mul-
tiplex pCr (lina et al., 2003). S. aureus strains 
rn6390, rn6607, rn8465, and rn4850 served as 
positive controls. 

Multiple-locus variable-number tandem-repeat 
assay (MlvA) was performed as described (Sabat et 
al., 2003). 

reSultS

Isolation of MRSA from nasal swab specimens

In total, 300 swabs were taken from hospitalized pa-
tients and HCWs. A total of 21 of the 300  partici-
pants (7%) in the study carried MrSA. Among hos-
pitalized patients, 7.7% were colonized with MrSA, 
and of the tested HCWs, 5.7% were colonized with 
MrSA (table 1). 

Characteristics of MRSA isolates

twenty-one MrSA isolates were analyzed in this 
study and summarized results are presented in ta-
ble 2. In all, 19 isolates (90.5%) were resistant to one 
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or more antibiotics beside beta-lactam antibiotics, 
while only 2 (9.5%; both isolated from HCWs) were 
susceptible to all other tested antibiotics except beta-
lactams. Multidrug resistance, i.e. resistance to three 
or more antibiotics with different mechanism of ac-
tion, was observed in 17 (80.9%) isolates; it should 
be noted that all strains were already resistant to one, 
beta-lactam class of antibiotics. All tested MrSA 
strains were susceptible to fusidic acid, trimetho-
prim/sulfamethoxazole, vancomycin, linezolid, pris-
tinamycin and mupirocin, while 19 (90.5%) isolates 
were resistant to gentamicin, 20 (95.2%) to kanamy-
cin, 19 (90.5%) to tobramycin, 11 (52.4%) to erythro-
mycin, 11 (52.4%) to clindamycin (only two strains 
showed inducible type of resistance), 17 (80.9%) to 
ciprofloxacin, 2 (9.5%) to rifampin, 3 (14.3%) to tet-
racycline and 4 (19.0%) to chloramphenicol.

Based on MlvA typing, the MrSA could be di-
vided into eight different MlvA types (A-H) (table 

2). The largest group (42.9%) consisted of isolates 
belonging to MlvA type A. This MlvA type carried 
SCCmec type I, belonged to agr type 2 and showed 
resistance to gentamicin, kanamycin, tobramycin, 
erythromycin, clindamycin and ciprofloxacin. The 
MlvA type A MrSA isolates was predominantly 
found in patients (88.9%), whereas a larger diversity 
of isolates was found among HCWs (table 2). MrSA 
isolates obtained from HCWs primarily contained 
the smaller SCCmec elements type Iv and v. 

Correlation between resistance patterns and 
MlvA was good, except for MlvA type D, where 
one strain isolated from HCWs was susceptible to all 
tested antibiotics except beta-lactams, and the other, 
isolated from patient, was multiresistant (table 2). 

DISCuSSIOn

laboratory-based screening for MrSA colonization 

table 1. presence of MrSA in nasal swab specimens obtained from hospitalized patients and HCWs in the CCS, Belgrade.

result for:
number (%) of individuals with result

positive negative

patients 15 (7.7) 180 (92.3)

HCWs 6 (5.7) 99 (94.3)

total 21 (7.0) 279 (93.0)

table 2. Characteristics of 21 MrSA strains isolated from nasal swab specimens obtained from hospitalized patients and HCWs in CCS, 
Belgrade.

MlvA type 
(number of 

strains)

SCCmec 
type agr type

pvl 
positive 
strains

number of patients / 
HCWs in which the 

MlvA type was isolated
resistance profile (>50% of isolates)*

A (9) I 2 0 8 / 1 Gen, kAn, tOB, erY, ClI, CIp 

B (4) I 2 0 3 / 1 Gen, kAn, tOB, CIp

C (2) III 1 0 2 / 0 Gen, kAn, tOB, erY, ClI, CIp, rIF, tet

D (2) v 1 1 (patient) 1 / 1
Gen, kAn, tOB, tet, CHl & other strain was 
susceptible to all tested antibiotics except beta-

lactams
e (1) v 2 0 0 / 1 Gen, kAn, tOB, CHl 

F (1) v 1 0 0 / 1 susceptible to all tested antibiotics except beta-
lactams

G (1) Iv 3 1 (HCW) 0 / 1 kAn 

H (1) I 2 0 1 / 0 Gen, kAn, tOB, erY, ClI, CIp

* Gen, gentamicin; kAn, kanamycin; tOB, tobramycin; erY, erythromycin; ClI, clindamycin; CIp, ciprofloxacin; rIF, rifampin; tet, 
tetracycline; CHl, chloramphenicol. 
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of patients and HCWs is a key element in enabling 
control measures and early therapeutic decisions. 
rapid diagnostic testing safely reduces the number 
of unnecessary isolation days, but only chromog-
enic screening, and not pCr-based screening can be 
considered as cost-saving (Wassenberg et al., 2010). 
Mannitol salt agar is still the most frequently used 
medium for isolation of S. aureus, but recently sev-
eral chromogenic media for the rapid detection of 
MrSA have become available (verkade et al., 2011). 
Beside this, several studies in the past few years con-
firm the importance of broth enrichment for accurate 
detection of MrSA in clinical sample (verkade et al., 
2011) and therefore we decided to use both methods 
(broth enrichment and chromogenic media) for the 
isolation of MrSA in our study. 

The anterior nares are considered the pri-
mary colonization site of S. aureus, and therefore 
most screening programs require the acquisition 
of a swab specimen from the anterior nares only. 
The prevalence of S. aureus nasal carriage among 
healthy adults ranges from approximately 20% to 
30%, with higher prevalences in overcrowded pop-
ulations (Albrich and Harbarth, 2008; Chen et al., 
2010). The results of examination of MrSA carriage 
may significantly vary between different studies and 
the reason may reflect true differences in MrSA 
carriage, usually as the consequence of a prevalence 
of MrSA in the investigated hospital. However, dif-
ferences in study design, such as duration of the 
study, investigation of a particular population (e.g. 
patients on dialysis), investigation during an epi-
demic, investigation in a particular unit (e.g. ICu), 
different media used for isolation of MrSA, time 
of incubation of media, etc., may have significant 
impact on obtained results. MrSA carriage among 
patients was reported to be 5.9% to 15.6% in nares 
(nahimana et al., 2006; Wang et al., 2009). In our 
study, 7.7% of hospitalized patients were colonized 
with MrSA. In the largest review of studies evalu-
ating the MrSA carriage rate among HCWs, the 
mean nasal MrSA carriage in HCWs was 4.1% in 
104 studies, range 0-59% (Albrich and Harbarth, 
2008). In our study, among 105 tested HCWs, 5.7% 
were colonized with MrSA.

As far as we know, the present study is the first 
from Serbia to evaluate the susceptibility of MrSA 
strains from patients and HCWs to linezolid, fusidic 
acid and mupirocin. All the MrSA isolates recovered 
from nasal carriers were susceptible to linezolid, fu-
sidic acid, mupirocin and pristinamycin. A possible 
explanation is that the use of these antibiotics in Ser-
bia is limited. to date, mupirocin has not been used 
for the eradication of MrSA in nasal carriers at our 
hospital. local therapy with mupirocin has been 
shown to eliminate MrSA nasal colonization in both 
patients and HCWs.

There was a relationship between methicillin re-
sistance and resistance to other antibiotics, as noted 
in previous investigations (nahimana et al., 2006; 
Chen et al., 2011). Therefore, this is a major prob-
lem in the treatment of MrSA infections. Our study 
also supports the observation of a relationship be-
tween methicillin and aminoglycoside resistance in 
MrSA. More than 90% of MrSA were resistant to 
gentamicin, tobramycin and kanamycin.

Hospital-associated MrSA (HA-MrSA) are 
typically multiresistant, agr type 1 or 2, and share 
a type I, II or III SCCmec, while community-as-
sociated MrSA (CA-MrSA) strains are multiply 
susceptible, share a type Iv or v SCCmec and fre-
quently the pvl locus (vandenesch et al., 2003; 
Chen et al., 2012). Among MrSA strains isolated 
in this study, five strains could be classified as CA-
MrSA because they carried SCCmec type Iv or v, 
two of them were susceptible to all tested antibiotics 
except beta-lactams, while one was resistant only 
to kanamycin beside beta-lactams. predominantly 
CA-MrSA isolates were isolated from HCWs. It is 
interesting that one MlvA type D CA-MrSA was 
isolated from HCWs and the other MlvA type D 
CA-MrSA from a hospitalized patient (table 2). 
However, the strain isolated from the HCW was 
susceptible to all tested antibiotics except beta-
lactams, and the other, isolated from a patient, was 
multiresistant. It is possible that the strain isolated 
from the patient, as well as other multiply-resistant 
CA-MrSA strains, acquired resistance to non-beta-
lactam antibiotics in order to be able to survive in 
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the hospital environment, where the antibiotic se-
lective pressure is high. 

The remaining 16 MrSA strains had characteris-
tics of HA-MrSA, they carried SCCmec I or III, agr 
1 or 2, and all were resistant to different antibiotics 
beside beta-lactams. Among these 16 strains, two 
isolates (MlvA type A and B) were recovered from 
HCWs. These HA-MrSA strains isolated from HCWs 
were indistinguishable from HA-MrSA isolated from 
patients, indicating a circulation of HA-MrSA strains 
between patients and HCWs in the CCS. 

In summary, we demonstrated that broth enrich-
ment and chromogenic MrSA-ID medium are the 
optimal choice for the isolation of nasal MrSA car-
riage. The results of this study showed that patients 
and HCWs of the CCS are colonized with MrSA, and 
that the prevalence of nasal carriage is higher in the 
patient group. CA-MrSA more frequently colonized 
HCWs, while hospitalized patients are more frequent-
ly colonized by HA-MrSA. Our study also showed the 
exchange of MrSA between patients and HCWs. 
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