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Introduction

The bacterium Staphylococcus aureus (S. 
aureus) is a serious opportunistic human 
pathogen (1). It belongs to normal bacterial 
flora and is often detected in the nasal vesti-
bule and on other body surfaces in 20%-30% 

of humans. S. aureus synthesizes more than 
30 virulence factors that may cause numer-
ous clinical symptoms. In addition to local 
skin infection, a typical sign of a staphylo-
coccal infection, it also leads to abscesses, 
osteomyelitis, pneumonia, sepsis, endocar-
ditis, and post-operative infections. More-
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Objective. The aim of this 5-year study was to determine the frequen-
cy and antibiotic susceptibility of methicillin-resistant Staphylococcus 
aureus (MRSA)-related infections at Osijek Clinical Hospital. Ma-
terials and methods. A total of 1987 staphylococci-infected clinical 
isolates were collected and analysed at the Microbiology Department 
of the Public Health Institute of Osijek-Baranja County. Results. Be-
tween 2008 and 2012, the average rate of MRSA-related infections in 
staphylococci-infected patients was 27.4%. The proportion of MRSA-
related infections on all Staphylococcus aureus (S. aureus) isolates from 
clinical specimens showed a decreasing trend, from 32.6% in 2008 
to 25.5% in 2012. MRSA-related infections were mostly detected in 
wound swabs (50.6%) and aspirates (28.8%) of patients hospitalized 
in the surgical (49.8%) and intensive care units (27.9%). MRSA-relat-
ed infection showed an increase compared to S. aureus-infections in 
samples of wounds and aspirates in 2011 and 2012 (57.9%/34.9% and 
35.2%/16.3%, respectively). The majority of strains of MRSA-related 
infections were resistant to several antibiotics, including erythromycin 
and clindamycin, where susceptibility were less than 10%. All MRSA 
isolates were susceptible to vancomycin, teicoplanin and linezolid. 
Therefore, antibiotic therapies for MRSA infections include vancomy-
cin, teicoplanin and linezolid, but microbiological diagnostics need to 
be performed in order to know when the use of glycopeptides and 
oxazolidinones is indicated. Conclusion. Our results suggest that ap-
propriate prevention measures, combined with the more rational use 
of antibiotics are crucial to reduce the spread of MRSA-related infec-
tion in healthcare settings. Further monitoring is necessary of the in-
cidence and antibiotic susceptibility of MRSA-related infections in our 
community.
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over, S. aureus toxins may result in poison-
ing and toxic shock (2, 3).

The remarkable ability of S. aureus to de-
velop antibiotic resistance makes it a world-
wide problem. Through the process of natu-
ral selection (mostly transmission), methi-
cillin-resistant S. aureus (MRSA) has devel-
oped resistance to macrolides, linkosamides 
and aminoglycosides and an entire class 
of antibiotics called beta-lactams (includ-
ing the penicillins and the cephalosporins). 
Staphylococcal strains that are susceptible to 
these antibiotics are classified as methicillin-
sensitive S. aureus (MSSA). The first MRSA 
was isolated in Great Britain in 1961, then 
in the USA in 1968, which was followed by 
its detection in Japan, Europe and Australia. 
MRSA has been one of the most common 
causes of healthcare-associated infections. 
It has been estimated that MRSA infects 
171,200 people in the EU, Island and Nor-
way annually, leading to 44% of all cases of 
health-care associated infections (4-7). The 
frequency of MRSA-related infections has  
slowed down in the West, but in the North-
east, Midwest and South of the USA MRSA-
related infections have shown an increase. S. 
aureus-related infections have been shown 
to be increasing in the Northeast, Midwest, 
South and in the West (8). 

There are two types of MRSA infections 
in human hosts: hospital-acquired MRSA 
(HA-MRSA) and community acquired 
MRSA (CA-MRSA), and there is one type 
of MRSA infection in livestock: livestock-
associated MRSA (LA-MRSA). HA-MRSA 
is a secondary infection, which patients pick 
up in hospital. CA-MRSA infection is an 
infection which develops outside the hos-
pital, through exposure to a carrier or con-
taminated surface in the wider community. 
LA-MRSA infections colonize livestock, 
including pigs, cattle and poultry (6, 9, 10). 
Some studies have suggested that previous 
hospitalization is associated with CA-MRSA 
(8, 11).

MRSA spreads easily in hospitals, usu-
ally through the hands of health workers 
or contaminated objects. The colonization 
of health workers with MRSA is especially 
dangerous. Risk factors that contribute to 
MRSA spread are subtherapeutic doses or 
the overuse of antibiotics, long-term hos-
pital stay and intravascular catheterizations 
in intensive care units (ICUs). The potential 
sites for MRSA infection in hospital patients 
are open wounds, intravenous catheters and 
the respiratory and urinary tracts (4, 12-14).

MRSA infections in hospital settings 
have been a serious issue across the world. 
MRSA infections prolong hospital stay and 
excessive antibiotic usage which raise the  
total cost of hospitalization. Hand hygiene, 
decontamination, and contact isolation of 
colonized and infected patients are the most 
important prevention measures. MRSA 
strains can be detected in clinical specimens 
using standard microbiological procedures, 
following the guidelines set by the 2011 Eu-
ropean Committee on Antimicrobial Sensi-
tivity Testing (EUCAST). MRSA is a multi-
drug resistant isolate, causing infections that 
are difficult to treat. In treatment of MRSA-
related infection vancomycin, linezolid and 
tigecyclin (15-17) may be used.

To our knowledge, this is the first study 
on MRSA-related infection frequency and 
antibiotic resistance in hospital patients 
from north-east Croatia. This was a 5-year 
study that analysed 1987 staphylococci-in-
fected clinical specimens collected at Osijek 
Clinical Hospital.

Materials and methods

Samples

This study was performed between January 
2008 and December 2012, and included 1987 
staphylococci-infected isolates. All isolates 
were collected at the Osijek Clinical Hospi-
tal Centre. The presence of Staphylococcus 
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was analysed in clinical samples: aspirates, 
catheters, wounds, blood, liquor and urine, 
which are collected on the surgical, internal 
medicine, paediatric, infectious diseases and 
ICU wards. All samples were analysed at the 
Microbiology Department of the Institute of 
Public Health of the Osijek-Baranja County. 
Only one sample per patient was included 
in the study.

Laboratory methods

Samples were cultivated on blood agar plates 
and incubated at 37°C for 18-24 hours in a 
microbiology laboratory. The presence of 
Staphylococcus was confirmed by the mi-
croscopic analysis of Gram-stained samples 
and a catalase test. In order to distinguish 
between S. aureus and coagulase-negative 
staphylococci (CoNS) we used deoxyribo-
nuclease (DNase), coagulase and latex ag-
glutination tests (Bio-Rad, Latex agglutina-
tion test for the identification of Staphylo-
coccus aureus, Version 2012.). MRSA was 
determined from its resistance to cefoxitin 
by the disk diffusion technique. Cefoxitin 
resistant MRSA was confirmed by a fast 
latex agglutination test that detects penicil-
lin-bound proteins (Oxoid, Test kit for the 
detection of PBP 2´, Version 2012.). MRSA 
isolates that were PBP 2´ agglutination-neg-
ative were further verified by an automatic 
identification system VITEK (BioMérieux, 
Vitek 2, Version 2008.).

The antibiotic susceptibility of MRSA 
was analysed to the following antimicrobial 
drugs: ciprofloxacin (5 µg), gentamycin (10 
µg), clindamycin (2 µg), erythromycin (15 
µg), netilmycin (10 µg), linezolid (10 µg), 
rifampicin (5 µg), teicoplanin (30 µg), van-
comycin (5 µg) and sulfamethoxazoletrim-
ethoprim (1.25/23.75 µg). EUCAST guide-
lines were followed for the susceptibility and 
result analysis.

Methicillin resistance was evaluated by a 
cefoxitin disk diffusion test. Müller-Hinton 

agar was covered with a bacterial suspension 
to the density of the McFarland 0.5 standard 
and incubated for 18-24 hours in air at 37°C. 
A bacterial isolate was considered to be re-
sistant to all beta-lactam antibiotics if the 
size of its inhibition zone was <22 mm. For 
the strains with border values for inhibition 
zones diameters for cefoxitin the minimal 
inhibitory concentration (MIC) was deter-
mined. Isolates with values >4 mg/l were 
considered to be MRSA-positive (15, 18, 19).

Ethics statement

This study was approved by the Ethics Com-
mittee of the Institute of Public Health of 
the Osijek-Baranja County and performed 
according to the ethical principles of the 
Helsinki declarations.

Statistical analysis

The χ2 and Fisher’s exact test, as appropri-
ate, were used to compare percentage data 
(i.e., distribution between S. aureus-related 
infections and MRSA-related infections in 
different hospital units by years; distribution 
between S. aureus-related infections and 
MRSA-related infections in different clini-
cal samples). Odds ratios (ORs) with 95% 
confidence intervals (CIs) were calculated 
to show the strength and direction of as-
sociations. For all tests, p values <0.05 were 
considered statistically significant. Statisti-
cal analyses were performed using Statistica 
8.0 (StatSoft) and Microsoft Office Excel 
2007/2010 (Microsoft).

Results

The number of S. aureus-related infections 
and MRSA-related infections from aspi-
rates, wounds, catheters, blood, urine and 
liquor samples collected at the Osijek Clini-
cal Hospital Centre between 2008 and 2012 
is presented in Table 1.
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Out of 1987 staphylococci-infected iso-
lates collected between 2008 and 2012, 542 
(27.4%) were MRSA-related infections and 
1445 (72.6%) were S. aureus-related infec-
tions. The annual rate of MRSA-related 
infections in our hospital showed a slight 
downward trend, from 32.6% in 2008 to 
25.5% in 2012 (χ2=12.41, p=0.0145). Table 
1 shows that the MRSA-related infections 
showed an increase compared to S. aureus-
related infections in wound and aspirate 

samples in 2011 and 2012 (57.9%/34.9% and 
35.2%/16.3%, respectively).

Figure 1 shows that isolates from the 
surgical wardd and ICU had higher rates of 
MRSA-related infection (49.8% and 27.9%, 
respectively) than samples from the in-
ternal medicine, infectious and paediatric 
units (12.7%, 6.8%, and 2.8%, respectively). 
This difference was statistically significant 
(χ2=113.46, p<0.0001).

Table 1 Proportion of S. aureus-related infections and MRSA-related infections in different clinical samples per 
year

Year Infection

Different clinical samples

TotalAspirates Wounds Catheters Blood Urine Liquor

n (%) n (%) n (%) n (%) n (%) n (%)

2008
S. aureus 54 (21.7) 108 (43.4) 14 (5.6) 46 (18.5) 19 (7.6) 8 (3.2) 249

MRSA 32 (26.6) 67 (55.8) 3 (2.5) 11 (9.3) 4 (3.3) 3 (2.5) 120

2009
S. aureus 76 (24) 118 (37.3) 34 (10.8) 63 (19.9) 14 (4.5) 11 (3.5) 316

MRSA 38 (28.1) 67 (49.6) 3 (2.2) 16 (11.9) 2 (1.5) 9 (6.7) 135

2010
S. aureus 69 (20.8) 123 (37.2) 39 (11.8) 72 (21.8) 9 (2.7) 19 (5.7) 331

MRSA 29 (29.9) 49 (50.5) 3 (3.1) 6 (6.2) 1 (1) 9 (9.3) 97

2011
S. aureus 59 (20.2) 102 (34.9) 33 (11.3) 67 (22.9) 13 (4.5) 18 (6.2) 292

MRSA 26 (25.5) 59 (57.9) 1 (0.9) 8 (7.9) 3 (2.9) 5 (4.9) 102

2012
S. aureus 42 (16.3) 98 (38.1) 29 (11.3) 56 (21.8) 20 (7.8) 12 (4.7) 257

MRSA 31 (35.2) 32 (36.4) 4 (4.5) 13 (14.8) 6 (6.8) 2 (2.3) 88

S. aureus=Staphylococcus aureus; MRSA=methicillin-resistant Staphylococcus aureus.

                      Figure 1 MRSA-related infection distribution by hospital wards.
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Out of 542 MRSA-related infections sam-
ples analysed in this 5 year study, the major-
ity was detected in wound swabs (50.6%) 
and aspirates (28.8%) (Figure 2).

A significantly lower level of MRSA-relat-
ed infections was detected in blood (10.0%), 
urine (2.9%), catheters (2.6%), and liquor 
(5.1%) samples (χ2=128.11, p<0.0001).

Table 2 summarizes the susceptibility of 
542 MRSA-related infection isolates to several 
antimicrobial drugs used in the treatment of 
MRSA infections. All MRSA-related infection 

strains analysed in this study were susceptible 
to vancomycin, teicoplanin and linezolid.

In contrast, less than 10% of MRSA-
related infection strains were susceptible to 
erythromycin or clindamycin. Their highest 
susceptibility to these two antibiotics was de-
tected in 2011 (7.8% and 6.7%, respectively). 
While the susceptibility of MRSA-related in-
fection strains to netilmycin showed a down-
ward trend, their susceptibility to ciprofloxa-
cin and gentamycin increased (from 1.7% 
and 7.5% in 2008 to 5.7% and 12.5% in 2012).

                       Figure 2 MRSA-related infection distribution by clinical samples.

Table 2 Antibiotic susceptibility of MRSA-related infection isolates

Antimicrobial 
agent

Number of susceptible MRSA-infection isolates (%) per year

2008 
(n=120)

2009
(n=135)

2010 
(n=97)

2011
(n=102)

2012
(n=88)

n (%) n (%) n (%) n (%) n (%)

Ciprofloxacin 2 (1.7) 10 (7.4) 6 (6.2) 6 (5.9) 5 (5.7)

Gentamycin 9 (7.5) 11 (8.1) 7 (7.7) 17 (16.6) 11 (12.5)

Clindamycin 3 (2.5) 9 (6.6) 2 (2.1) 7 (6.7) 1 (1.1)

Erythromycin 3 (2.5) 3 (2.2) 1 (1) 8 (7.8) 4 (4.5)

Netilmycin 119 (99.2) 133 (98.5) 94 (96.9) 91 (89.2) 66 (75)

Linezolid 120 (100) 135 (100) 97 (100) 102 (100) 88 (100)

Rifampicin 115 (95.8) 116 (85.9) 67 (69.1) 90 (88.2) 80 (90.9)

Teicoplanin 120 (100) 135 (100) 97 (100) 102 (100) 88 (100)

Vancomycin 120 (100) 135 (100) 97 (100) 102 (100) 88 (100)

Sulfamethoxazole
trimethoprim 92 (76.6) 115 (85.2) 75 (77.3) 81 (79.4) 72 (81.8)
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Discussion

The overall frequency of MRSA-related in-
fections between 2008 and 2012 at Osijek 
Clinical Hospital was 27.4%. This rate cor-
related with the results reported by Mehta 
et al. (32.0%) but was smaller than those re-
ported by Kuehnert et al., Anupurba et al. 
and Tiwari et al. (43.2%, 54.8% and 69.1%, 
respectively) (14, 20-22). MRSA-related in-
fection from blood and liquor samples in 
2010 and 2011 was 14.5% and 12.8% which 
is similar to the results reported from Croa-
tia by Budimir et al. and from the United 
States of America by Hacek et al. (23, 24). 
The slight downward trend in the annual 
frequency of MRSA-related infections at 
Osijek Clinical Hospital may be explained 
by the rising awareness of MRSA, more effi-
cient prevention programs and less frequent 
antibiotic administration.

With a capacity of 1160 beds, Osijek 
Clinical Hospital is the largest healthcare 
centre in north-east Croatia. The largest in-
cidence of MRSA-related infections was de-
tected in the surgical ward and the ICU. The 
latter is a polyvalent unit with 12 beds and 
¾ of its patients arrive from surgical units. 
This rate correlated with the results reported 
by Joshi et al. (25).

The largest number of MRSA-related in-
fections was detected in wound swabs and 
aspirates. The high incidence of MRSA-re-
lated infections in aspirates is linked to the 
fact that ICU patients underwent endotra-
cheal intubation. These results correlated 
with reports from Pakistan and India (4, 21). 
All MRSA strains detected in this study were 
susceptible to vancomycin, linezolid and 
teicoplanin. Vancomycin-sensitive MRSA 
strains were also reported in studies from 
Bosnia and Herzegovina, Romania, Ireland, 
the United Kingdom, India, and Columbia 
(23, 26-31). However, vancomycin-resistant 
S. aureus (VRSA) strains were discovered in 
the USA (32, 33).

The majority of our MRSA strains 
were not susceptible to erythromycin and 
clindamycin. Moreover, their susceptibil-
ity to netilmicin showed a downward trend 
between 2008 and 2012. On the other hand, 
their susceptibility to ciprofloxacin and 
gentamycin increased during this 5-year pe-
riod. These observations correlate with the 
results reported by the Committee for An-
tibiotic Resistance Surveillance in Croatia 
(Croatian Academy of Medical Sciences).

Conclusion

In conclusion, despite some limitations (the 
lack of epidemiological evidence about the 
reason and length of hospital stay), this 
5-year study was the first study on MRSA-
related infection frequency and antibiotic 
resistance in hospital patients from north-
east Croatia. This study demonstrates that 
MRSA-related infection is a problem in 
north-east Croatia. Due to the 100%-effi-
cient susceptibility of MRSA strains in pa-
tients at the Osijek Clinical Hospital to van-
comycin, linezolid and teicoplanin, these 
antibiotics should be avoided in therapy. 
Further monitoring is necessary of the use 
of antibiotics, incidence of MRSA-related 
infections and their antibiotic susceptibility. 
This study can enable epidemiologists to un-
derstand the nature of MRSA infections in 
north-east Croatia.

What is already known on this topic
 MRSA is one of the most common causes of healthcare-

associated infections. The most important MRSA related 
problem is the development of resistance to antibiotics.

What this study adds 
 This study shows that regular surveillance of hospital-

associated infections and monitoring of their antibiotic 
sensitivity patterns are required to reduce MRSA-infection 
frequency in hospital patients from north-east Croatia. 
Accurate and continuous surveillance of antibiotic resis-
tance combined with the more rational use of antibiotics 
are crucial for reducing MRSA-related infections.

Pastuović Tajana et al.: MRSA in north-east Croatia
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