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ABSTRACT
The aim of the present study was to investigate the molecular epidemiology of methicillin-resistant Staphylococcus aureus (MRSA), isolated from ambulatory and hospitalized patients in 24 healthcare facilities in 20 cities in Croatia from October to December 2004. A total of 1,815 consecutive S. aureus strains were isolated, 248 of which were MRSA, a MRSA prevalence of 13.7%. The MRSA strains were investigated using PFGE, spa typing and SCCmec typing. Furthermore, the presence of Panton-Valentine leukocidin (PVL) was determined, as a genetic marker for community-associated MRSA (CA-MRSA). It was observed that the Southern Germany clone was predominant in Croatia. Furthermore, various other endemic MRSA clones were observed, such as the Berlin, the UK EMRSA-3, the Brazilian/Hungarian, the New York/Japan, the UK EMRSA-2/-6, and the Pediatric clone. Four PVL-positive MRSA strains were observed, associated with ST6-MRSA-IV (USA300), ST80-MRSA-IV (European CA-MRSA), and ST80-MRSA-I. It remains to be seen if the minor MRSA clones observed during the present study will find a niche in the Croatian population to replace the Southern Germany clone on a large scale. Therefore, future studies are needed to conduct epidemiological surveillance of MRSA in Croatia.

INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most significant hospital-associated (HA) pathogens, causing a wide range of infections. The first report on MRSA appeared in 1960 (18), and, since then, various HA-MRSA clones disseminated worldwide (10). Today, MRSA is one of the most frequent nosocomial pathogens, causing 40 to 70% of all infections in intensive care units (12). The prevalence of MRSA bacteraemia varies, i.e. ranging from a very low rate (0.6%) in Norway to 66,8% in Japan, probably the highest prevalence worldwide 
 ADDIN EN.CITE 
(12, 31)
. 

MRSA is not anymore considered exclusively a hospital-associated pathogen since it cause also community-associated (CA) infections, especially skin and soft tissue infections and necrotizing pneumonia. The increased rate of CA-MRSA infections is a public health concern, and a challenge for infection control, since MRSA is observed in nursing homes, kindergartens, and schools 
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(34)
. However, studies on the CA-MRSA prevalence are sporadic. HA-MRSA and CA-MRSA can be distinguished by a combination of the genetic background, the resistance determinant staphylococcal cassette chromosome mec (SCCmec), and the presence of Panton-Valentine leukocidin (PVL) (10). 

Any strategies to contain the transmission of MRSA requires knowledge about the nature and number of MRSA clones. However, nationwide studies on the prevalence of MRSA, the genetic background of MRSA and comparison with MRSA clones worldwide are rare. The Croatian Academy of Medical Sciences performs surveillance of susceptibility to antibiotics of important pathogens and publishes a yearly report. 
To describe MRSA clones, it is necessary to use several techniques, such as SCCmec typing, pulsed-field gel electrophoresis (PFGE), spa typing and the detection of PVL, as a marker for CA-MRSA (33). The aim of the present study was to investigate the MRSA prevalence and the molecular epidemiology of MRSA isolated from ambulatory and hospitalized patients in Croatia during a three-month period in 2004.

MATERIALS AND METHODS

Clinical isolates. From October to December 2004, 1,815 consecutive S. aureus isolates from ambulatory and hospitalized patients were collected in 24 healthcare facilities in 20 Croatian cities, and sent to the Clinical Hospital Centre Zagreb, Croatia for further testing. A single isolate per patient was included during the study period. Susceptibility testing and mecA detection identified 248 MRSA isolates. The MRSA strains were isolated from different body sites, i.e. 109 (44%) from wound infections, 39 (16%) from tracheal aspirates, 14 (6%) from nasal swabs,13 (5%) from blood stream infections, 12 (5%) from urine tract infections, 10 (4%) from central venous catheters and 51 (21%) from various other body sites. The median age of the patient was 54 years, ranging from 0 to 94 years. All MRSA isolates were sent to the Maastricht University Medical Center, The Netherlands for spa typing and the other molecular analysis were performed in Clinical Hospital Centre Zagreb.
Antimicrobial susceptibility testing. Susceptibility testing was performed according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) (5) for the following antibiotics: penicillin, oxacillin, cefoxitin, erythromycin, clindamycin, azythromycin, gentamycin, amikacin, tetracycline, rifampicin, trimethoprim/sulfamethoxazole, linezolid, ciprofloxacin, vancomycin, nitrofurantoin, trimethoprim, except for fusidic acid and mupirocin, which were interpreted according to the criteria of the French Society of Microbiology (23). The isolates suspected to be MRSA, i.e. resistant to the ß-lactam antibiotics mentioned above, were tested for the presence of the mecA gene (15).

SCCmec typing. SCCmec typing was performed with the multiplex PCR previously described by of Oliveira et al. (26). In addition, ccr typing was performed according to the method of Ito et al. 
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(16, 17)
, using a different primer β2 (11).

Typing of the spa locus. Real-time amplification of the spa locus, followed by sequencing of the SSR region was performed as described previously (25). The spa types were clustered into spa-CCs using the algorithm based upon repeat pattern (BURP) using the Ridom StaphType version 1.4 software package (http://www.ridom.de) using the settings recommended by the manufacturer. Since it has been shown that that spa typing, together with the algorithm BURP, is in accordance with typing results obtained by multilocus sequence typing (MLST) and PFGE, the associated clonal complex (CC), as determined with MLST, was allocated through the Ridom SpaServer (http://spaserver.ridom.de) 
 ADDIN EN.CITE 
(28, 29)
.
Detection of PVL. The detection of the genes coding for PVL was performed according to Lina et al. (20).

PFGE. Digestion of chromosomal DNA with SmaI and pulsed-field gel electrophoresis was performed as described previously 
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(4, 11)
. The band patterns were analyzed with Dice comparison and unweighted-pair group matching analysis settings with GelCompar II (Applied Maths, Sint-Martens-Latem, Belgium) according to the scheme of Tenover et al (30). MRSA isolates with a similarity index of 0.70 or more were classified as a clonal group (28).
RESULTS

MRSA prevalence. The overall prevalence of MRSA during the three-month study was 13.7%, ranging from 0% in four healthcare facilities (Čakovec, Nasice, Ogulin, and Rijeka) to 47,6% in a hospital in Zagreb.

Antimicrobial susceptibility patterns. All MRSA strains were resistant to the ß-lactam antibiotics tested, i.e. penicillin, oxacillin, and cefoxitin), and all strains were susceptible to nitrofurantoin, linozelid and vancomycin. Two-hundred and thirty-nine of the 248 (96.4%) MRSA strains were resistant to ciprofloxacin, 236 of the 248 (95.2%) to clindamycin, 235 of the 248 (94.8%) to azythromycin, 231 of the 248 (93.2%) to erythromycin, 232 of the 248 (93.5%) to gentamycin 24 of the 248 (9.7%) to rifampicin, 23 of the 248 (9.3%) to trimethoprim, 22 of the 248 (8.9%) to mupirocin, 22 of the 248 (8.9%) to tetracycline, 19 of the 248 (7.7%) to amikacin, 7 of the 248 (2.8%) to trimethoprim/sulfamethoxazole, and 1 of the 248 (0.4%) to fusidic acid.

Distribution of SCCmec elements. The most prevalent SCCmec type was SCCmec type I (n=224; 90%), followed by SCCmec type IV (n=15; 6%), SCCmec type II (n=5; 2%) and SCCmec type III (n=4; 2%). Six of the SCCmec elements, four SCCmec type IV and two SCCmec type III, could not be typed by the method of Oliveira et al. (26), but could be typed by the method of Ito et al. (16). 

The four “non-typeable“ SCCmec type IV elements all harboured ccrAB2, and lacked mecI and the dcs region. However, one element harboured the pls region, characteristic for SCCmec type I, while another harboured locus F, characteristic for SCCmec type III, The two “non-typeable” SCCmec type III elements harboured mecA and loci C, D, E and F. Therefore, they differ from SCCmec type III in the presence of locus D, the dcs region.

Distribution of spa-CCs. Thirty-one spa types were found among the 248 MRSA isolates and these were grouped into four spa-CCs and eight singletons. Two isolates could not be spa typed (Table 1). One main spa-CC, spa-CC 041 (83% of the isolates), associated with MLST CC5, was found. Within MLST CC5, 13 new spa types were found (Table 1). In addition, three spa-CCs with no founder, associated with MLST CC45, CC239, and CC8 were observed, accounting for 4%, 2%, and 9% of the isolates, respectively (Table 1). From the eight isolates that were classified as singletons, two were associated with MLST CC1 and four with MLST CC80 (Table 1).

Distribution of MRSA clones. The combination of the genetic background and the SCCmec type was used to compile information about the MRSA clones circulating in Croatia (13). The majority of the MRSA isolates (n=193; 78%) was associated with the Southern German (ST228-MRSA-I) clone. Further endemic MRSA clones observed were the Iberian (ST247-MRSA-I) clone (n=11; 4%), the Berlin (|ST45-MRSA-IV) clone (n=5; 2%), the UK EMRSA-3 (ST5-MRSA-I) clone (n=5; 2%), the Brazilian/Hungarian (ST239-MRSA-III) clone (n=4; 2%), the New York/Japan (ST5-MRSA-Ii) clone (n=3; 1%), the UK EMRSA-2/-6 (ST8-MRSA-IV) clone (n=3; 1%), and one single isolate associated with the Pediatric (ST5-MRSA-IV) clone. Figure 2 shows the distribution of these endemic MRSA clones in Croatia.
Nine isolates could not be associated with MRSA clones that are endemic, i.e. four isolates (2%), observed in Pula, Split and Vukovar, were associated with the ST45-MRSA-I clone, and single isolates were observed associated with the ST1-MRSA-I, the ST1-MRSA-IV, the ST228-MRSA-II, the ST239-MRSA-I and the PVL-negative ST80-MRSA-IV clone. Six isolates harbouring SCCmec type I and associated with MLST CC8 (spa type t008) could not be associated with a particular MRSA clone, but are most likely associated with the Archaic or the Iberian clone. Four of the 248 MRSA isolates could not be related to a MRSA clone, either due to a spa type had no relation to a MRSA clone, or because they could not be spa typed.

Prevalence of PVL and distribution of CA-MRSA clones. Four of the 248 MRSA isolates (1.6%) harboured PVL, and three of these harboured SCCmec type IV, while the other harboured SCCmec type I. These isolates had a genetic background associated with CA-MRSA. One isolate had spa type t008, associated with MLST CC8, and three isolates were spa typed as t044, associated with MLST CC80. Four PVL-positive MRSA clones where thus observed, i.e. one isolate from the Dubrovnik community was associated with the ST8-MRSA-IV (USA300) clone, two isolates from the Split and Zadar community were associated with the ST80-MRSA-IV (European CA-MRSA) clone, and one isolate from a wound infection in Bjelovar was associated with the ST80-MRSA-I clone. 
PFGE. All isolates were typeable by PFGE analyses, Two-hundred and eleven MRSA isolates were grouped into 28 different clonal groups and 37 isolates could not be grouped (data not shown). The respectively PFGE band patterns for all observed MRSA clones are presented in figure 1.
DISCUSSION
To control the transmission of MRSA in hospitals, it is important to study the nature and the number of MRSA clones that are present. This study was conducted to investigate the population structure of MRSA in Croatia, and was the first study conducted nation-wide in Croatia were MRSA strains were isolated from a broad range of patients. It was observed that the Southern German (ST228-MRSA-I) clone was the predominant MRSA clone. However, various other MRSA clones were observed in small quantities, including four PVL-positive MRSA strains.
It has been proposed that the combination of the genetic background and the SCCmec type should be used for the nomenclature of MRSA clones (13). Typing of the spa locus has been shown to be a reliable method for long-term epidemiological surveillance studies and spa typing/BURP data are in accordance with typing results obtained by MLST 
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(14, 22, 28, 29)
. However, spa typing should preferably be used in combination with additional genetic markers, such as SCCmec (14).

The difference in MRSA prevalence observed in the present study (13.7%), and the previously observed MRSA prevalence of 36.7% (31), is probable due to the notion that the present study investigated MRSA isolates from various origins and the study of Tiemersma et al. used only blood culture isolates. The data on antibiotic susceptibility are consistent with a previously conducted investigation on MRSA blood culture isolates, showing that the vast majority of MRSA isolates in Croatia are hospital-associated, and belonging to the Southern Germany clone (4). The MRSA isolates associated with the Southern Germany clone are multi-resistant, as has been observed in other countries until 1995. However, recently isolated ST228-MRSA-I strains in Germany are resistant to fewer antibiotics (19). 
The Southern Germany clone has been observed in Croatia previously (4), as well as in the neighbouring countries Austria, Hungary and Slovenia (10). In Hungary, the Southern Germany clone, together with the New York/Japan, represented 85% of the MRSA strains isolated between 2001 and 2004 
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(6)
. The Southern Germany clone was found in nearly all healthcare facilities with varying percentages. The high genetic homogeneity of the Southern Germany clone is specific for Croatia, since no other country in Europe has such a homogeneity for the Southern Germany clone. However, a recent study of MRSA strains isolated in France observed the predominance of the Lyon (ST8-MRSA-IV) clone, which was observed in nearly 70% of the MRSA strains (8), This suggests that the Southern Germany clone has as yet non-revealed features that promotes its fitness and interaction with the host, which may include searching for an entry site, targeting a place for multiplication in the host, and becoming persistent in the host, and managing to reach the next host (13). 
The Iberian (ST247-MRSA-I) clone, which was the second most frequent clone in Croatia, has been observed in Croatia previously, as well as in the neighbouring countries Austria, the Czech Republic. Hungary and Slovenia 
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(4, 10)
. The Berlin (|ST45-MRSA-IV) clone, the UK EMRSA-3 (ST5-MRSA-I) clone, the Brazilian/Hungarian (ST239-MRSA-II) clone, the New York/Japan (ST5-MRSA-Ii) clone, the UK EMRSA-2/-6 (ST8-MRSA-IV) clone, the Pediatric (ST5-MRSA-IV) clone, the PVL-negative ST1-MRSA-IV clone and the ST80-MRSA-IV clone have not been observed before in Croatia (10). These MRSA clones have been observed previously in countries neighbouring Croatia. The Berlin clone has been observed in Austria and Hungary, the UK EMRSA-3 clone in Slovenia, the Brazilian/Hungarian clone in Austria, Czech Republic, Hungary and Slovenia, the New York/Japan clone in Hungary, the UK EMRSA-2/-6 clone in Austria and Hungary and the Pediatric clone in Austria (10). PVL-negative ST1-MRSA-IV strains have previously been described in Australia and Portugal 
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(1, 7)
. PVL-negative ST80-MRSA-IV strains have not been described previously. The observation that these minor MRSA clones were observed in the large cities, such as the capital Zagreb, and on the coast, such as Dubrovnik, might suggest that these MRSA clones were imported from abroad, either due to travel, or tourism (Fig. 2).
Some MRSA isolates were observed that were not associated with the major MRSA clones, such as ST45-MRSA-I, ST1-MRSA-I, ST228-MRSA-II, and ST239-MRSA-I (10). The observation of an uncommon SCCmec element in an uncommon S. aureus lineage can be explained by the notion that the SCCmec element is exchanged through homologous recombination between S. aureus strains (24). For example. studies have observed ST45-MRSA-I in The Netherlands,, ST45-MRSA-II in Poland, ST45-MRSA-III in Belgium and ST45-MRSA-V in Portugal 
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(1, 9, 21, 35)
.
It has been shown previously that MRSA isolates classified as community-associated usually harbour either SCCmec type IV or V, and often PVL, but may differ in their genetic background (CC1, CC8, CC30, CC59 and CC80) 


(32) ADDIN EN.CITE . PVL-positive MRSA isolates with a heterogeneous genetic background were observed in Croatia. The ST8-MRSA-IV (USA300) clone has previously been observed in neighbouring countries of Croatia, such as Austria and Bulgaria (10), while the ST80-MRSA-IV (European CA-MRSA) clone has been found before in Croatia, as well as some neighbouring countries, such as Austria, Bulgaria, Romania, Slovenia and Yugoslavia (10). PVL-positive ST80-MRSA-I strains have not been observed previously.
Two non-typeable SCCmec type IV elements lacked locus D (dcs region), and these could be SCCmec type IVE/F elements, previously observed in Ireland (27). The other two non-typeable SCCmec type IV elements, one harbouring the pls region and the other locus F, have, to our knowledge, not been observed previously. Two MRSA strains contained a non-typeable SCCmec type III element that harboured locus D (dcs region), normally observed in SCCmec type I, II and IV. Similar SCCmec elements have been observed previously in Croatia and Portugal 
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(2, 4)
. These novel SCCmec elements might have originate through the recombination between existing SCCmec elements (3).

In summary, the Southern Germany clone has been disseminated widely in Croatia, not only in samples taken from infections, but also from sites from colonisation. Furthermore, various other major MRSA clones were observed. It remains to be seen whereas these MRSA clones find a niche in the Croatian population to establish itself, and replace the Southern German clone on a large scale. Therefore, future studies are needed in order to conduct further epidemiological surveillance of MRSA in Croatia. 
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FIG. 1. PFGE patterns of the MRSA clones observed in this study. The four columns at the right represent spa type, associated MLST CC, SCCmec type and name of the MRSA clone.
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FIG. 2. Map of Croatia showing the distribution of the endemic MRSA clones.

TABLE 1. Composition of the spa-CCs

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
spa-CC

No. (%) of isolates

No. (%) of spa types
spa typesa






Associated CCb
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
spa-CC 041
203 (83)


21 (68)


t001, t003, t041, t811, t892, t1003, t1185, t2521, t2625, t2687, t2688, 

5

t2692, t2746, t2766, t2822, t2823, t2824, t2825, t2827, t2836, t2837
No founder 2
9 (4)


2 (6)


t015, t2682






45

No founder 3
5 (2)


2 (6)


t030, t037






239

No founder 4
21 (9)


2 (6)


t008, t051






8

Singletons
8 (3)


4 (13)


t044, t127, t1605, t2608





1, 80c



NTd

2 (1)






Total

248 (100)


31 (100)

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
a The new spa types are underlined 
b CC, clonal complex as determined with MLST
c spa type t044 is associated with CC80 and t127 with CC1
d NT, not typeable
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