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The purpose of our study was the molecular characterization of methicillin-resistant Staphylococcus aureus
(MRSA) strains isolated in 21 hospitals in the Czech Republic in the period 2000-2002 and comparison with
previous results from 1996-1997. Strains were analyzed by pulsed-field gel electrophoresis (PFGE) of SmaI
digests and ribotyping of HindIII digests hybridized with a 16S-23S DNA probe. The prevalence of the most
clinically important macrolide (ermA, ermB, ermC, and msrA) and aminoglycoside (aph3�, ant4�, and aac6�-
aph2�) resistance genes was evaluated as well. Selected isolates representative of each clonal type were analyzed
by multilocus sequence typing and by a multiplex PCR method capable of identifying the structural type of the
staphylococcal cassette chromosome mec (SCCmec) carried by the bacteria. Our results document the dis-
placement of the Brazilian clone (ST239, SCCmec type IIIA, PFGE type B, ribotype H1) by a new clone that we
named “Czech clone” (ST239, SCCmec type IIIA, PFGE type F, ribotype H6) and the maintenance of the
Iberian clone (ST247, SCCmec type IA, PFGE type A, ribotype H2) exclusively in one hospital in the Czech
Republic. In addition, we found a correlation between the distribution of aminoglycoside resistance genes and
MRSA clonal types.

In the first unique study dealing with the characterization of
methicillin-resistant Staphylococcus aureus (MRSA) in the
Czech Republic by molecular typing, the prevalence of two
multiresistant clones of MRSA that were particularly widely
disseminated in the country was documented for the years
1996-1997 (19). One of these clones was the pandemic Iberian
MRSA (10, 18, 29, 31), which represented 12% of the Czech
MRSA isolates. The other distinct multiresistant clone, the
Brazilian MRSA, widely spread in South America (3, 8, 34)
and Portugal (4, 25), represented 80% of the Czech isolates of
1996-1997.

MRSA strains have acquired multiple resistance to a wide
range of antibiotics, including aminoglycosides and macrolides
(11). Three genes (aph3�, ant4�, and aac6�-aph2�), encoding
three types of aminoglycoside-modifying enzymes, are of par-
ticular significance because they modify aminoglycosides of
therapeutic importance, including kanamycin, tobramycin, and
gentamicin, respectively (14). Macrolide resistance can be trig-
gered by several mechanisms (16), the predominant one being
target modification mediated by one or more erm genes en-
coding a 23S rRNA methylase, rendering the strain resistant to
most macrolides, lincosamides, and streptogramin B com-
pounds (MLSB) (33). Resistance to macrolide-streptogramin
(MS) antibiotics resulting from the presence of macrolide ef-
flux pumps in staphylococci (encoded by msrA) has also been
documented (30).

In this paper, we focus on the characterization by different

typing techniques of the following two collections of MRSA
isolates from the Czech Republic: (i) 45 isolates collected
during 2000-2001 exclusively from blood samples at 20 hospi-
tals and (ii) 55 isolates collected during 2001-2002 from differ-
ent clinical sources at three hospitals. In an attempt to deter-
mine the status of macrolide and aminoglycoside resistance
among Czech MRSA isolates, we investigated the prevalence
of the most clinically important macrolide (ermA, ermB, ermC,
and msrA) and aminoglycoside (aph3�, ant4�, and aac6�-aph2�)
resistance genes.

MATERIALS AND METHODS

Hospitals. Nine large (�1,000 beds), 6 medium (between 500 and 1,000 beds),
and 6 small (�500 beds) hospitals in the Czech Republic, including 7 teaching
hospitals and 14 general hospitals, participated in this study (Table 1). A map of
the Czech Republic with the locations of the 21 participating hospitals is shown
in Fig. 1.

Bacterial isolates. For this study, we analyzed 100 single-patient MRSA iso-
lates from the following two different collections: (i) 45 invasive isolates from
blood samples obtained from 20 hospitals in the period from April 2000 through
November 2001 (collection 1) and (ii) 55 noninvasive isolates recovered from
April 2001 through March 2002 from different clinical sources at three hospitals
(two located in Prague and one located in the eastern part of the country)
(collection 2). Collection 2 isolates were recovered from wounds (42%), sputum
(20%), catheters (11%), and other diverse clinical sites (27%). Of the 100
isolates, 14 (31%), 17 (38%), and 13 (29%) from collection 1 and 16 (29%), 12
(22%), and 5 (9%) from collection 2 were recovered from patients interned in
intensive care units, surgical wards, and internal medicine wards, respectively.

Antimicrobial susceptibility testing. Antimicrobial susceptibility testing was
performed according to the National Committee for Clinical Laboratory Stan-
dards guidelines (21) for oxacillin, ciprofloxacin, clindamycin, erythromycin, fu-
sidic acid, gentamicin, tobramycin, kanamycin, streptomycin, mupirocin, tetra-
cycline, trimethoprim-sulfamethoxazole (SXT), chloramphenicol, rifampin,
vancomycin, and teicoplanin. Susceptibility to vancomycin and teicoplanin was
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also determined according to the EARSS protocol (22). Production of �-lacta-
mase was tested by nitrocefin (Oxoid, Hampshire, United Kingdom).

Identification of MRSA isolates. S. aureus isolates were confirmed to be
methicillin resistant by the MRSA-Screen slide latex agglutination kit for the
rapid detection of PBP2a, according to the manufacturer’s recommendations
(Denka Seiken Co., Ltd., Tokyo, Japan).

Detection of enterotoxins A, B, C, D, and E, TSST-1, and exfoliative toxins A
and B. Enterotoxins (A, B, C, D, and E), toxic shock syndrome toxin 1 (TSST-1),
and exfoliative toxins A and B were detected by the SET-RPLA, TST-RPLA,
and EXT-RPLA kits, respectively (Denka Seiken Co., Ltd.), following the man-
ufacturer’s recommendations.

Preparation of whole-cell DNA for PCR. One DNA disk prepared for pulsed-
field gel electrophoresis (PFGE) as described by Chung et al. (7) was melted at
70°C. A volume of 180 �l of water was added, and the mixture was incubated at
95°C for 15 min and chilled on ice for 5 min. Two microliters of DNA was used
as template.

PCR amplification of the mecA, aminoglycoside, and macrolide resistance
genes. Amplification of the mecA (19), aph3�, ant4�, aac6�-aph2� (36), ermA,
ermB, ermC, and msrA (17) genes was performed as previously described.

Ribotyping, PFGE, MLST, and SCCmec typing. Ribotyping of HindIII digests
(19), PFGE of SmaI digests of chromosomal DNAs (7), and multilocus sequence
typing (MLST) (12) were performed as previously described. The staphylococcal
cassette chromosome mec (SCCmec) types were determined by a multiplex PCR
strategy (24).

RESULTS

Antimicrobial susceptibility. All 100 strains were resistant to
oxacillin, which was confirmed by the presence of the mecA
gene and production of PBP2a. The majority of the isolates
tested were resistant to ciprofloxacin (99%), erythromycin
(98%), tetracycline (97%), streptomycin (95%), rifampin

(94%), gentamicin, kanamycin, tobramycin (93%), and clinda-
mycin (86%), and a few of them showed resistance to SXT
(10%), chloramphenicol (9%), mupirocin (4%), and fusidic
acid (1%). All isolates were susceptible to vancomycin and
teicoplanin (Table 2). Constitutive production of �-lactamase
was found in 95% of the isolates.

Production of enterotoxins, TSST-1, and exfoliative toxins A
and B. Representatives of each clonal type detected were tested
for the production of enterotoxins A, B, C, D, and E, TSST-1, and
exfoliative toxins A and B. Enterotoxin A was found in 16 isolates.
The other toxins were not detected in any isolate.

Prevalence of macrolide resistance genes. Among the 100
MRSA isolates screened for the presence of MLSB resistance
genes, 99% contained one or more of the erm genes, which is
consistent with the erythromycin resistance phenotype. The
most prevalent erm gene was ermA, which was detected in 94%
of the isolates. The msrA gene was detected in only two iso-
lates, in association with ermC (Table 3).

Prevalence of aminoglycoside resistance genes. Among the
100 isolates tested, the aac6�-aph2� gene was the most fre-
quently encountered aminoglycoside resistance gene (94%),
and 40% of the isolates carried this gene in combination with
one of the other aminoglycoside resistance genes. The ant4�
and aph3� genes were present in 29 and 12% of the isolates,
respectively (Table 3). Isolates with none of the three genes (n
� 5) were fully susceptible to gentamicin, tobramycin, and
kanamycin.

TABLE 1. Hospital data and MRSA isolates from the Czech Republic collected during 2000–2002

Hospital codea City Hospital type No. of beds % MRSA isolates (July
2000–March 2002)

No. of MRSA
in this study

Collection 1 (invasive
MRSA isolates)

3 Prague University-teaching �1,000 16.7 9
4 Kladno General 500–1,000 3.7 2
5 Prague University-teaching �1,000 4.2 1
6 Plzeň University-teaching �1,000 6.1 4
7 Liberec General 500–1,000 4.3 1
A7 Brandys General �500 Not known 1
8 Most General �1,000 6.3 1
13 Tábor General �500 5.0 1
15 České Budějovice General �1,000 2.0 2
17 Ostrava University-teaching �1,000 9.2 1
19 Přı́bram General 500–1,000 6.7 1
20 Prague University-teaching �500 8.5 7
26 Pardubice General 500–1,000 2.8 1
31 Prague General 500–1,000 7.4 6
33 Ústı́ nad Labem General �1,000 18.5 2
34 Brno University-teaching �1,000 7.4 1
35 Prague General �500 18.0 1
36 Havličkuv Brod General �500 5.0 1
37 Trutnov General �500 7.7 1
42 Nový Jičı́n General �500 16.0 1

Collection 2 (noninvasive
MRSA isolates)

16 Prague University-teaching �1,000 6.5 22
20 Prague University-teaching �500 8.5 10
42 Nový Jičı́n General �500 16.0 23

Total 100

a Underlined hospital codes indicate hospitals that are included in both collections. Collection 1, 45 invasive isolates (from blood samples) collected at 20 hospitals;
collection 2, 55 noninvasive isolates collected at three hospitals.
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Clonal assignments. (i) Ribotypes. The 100 strains were
classified into ribotypes on the basis of fingerprints produced
after hybridization of HindIII digests with the 16S-23S probe.
All ribotypes found in this study are indicated in Table 2 and
shown in Fig. 2. The majority of the isolates from collection 1
(41 of 45 isolates; 91%) were included in ribotype H6, whereas
four other ribotypes (H1, H2, H7, and H8) were represented
by single isolates. For collection 2, most isolates also belonged
to ribotype H6 (28 of 55 isolates; 51%), followed by ribotype
H2 (20 of 55 isolates; 36%). Ribotypes H1 and H7 included
four and three isolates, respectively. However, the distribution
of ribotypes for collection 2 varied from hospital to hospital
(Table 2). Ribotype H6 was represented by 100% of the iso-
lates from hospital 20, 82% of the isolates from hospital 16,
and none of the isolates from hospital 42. Ribotype H2 was
found exclusively in hospital 42 and was represented by 87% of
those isolates. Ribotype H1 was only present in hospital 16 and
included 18% of those isolates. Ribotype H7 was detected in
two hospitals only (hospitals 42 and 17) and was represented by
3 of 24 isolates (13%) and 1 of 2 isolates, respectively.

(ii) PFGE types. The 100 MRSA isolates were distributed
into five PFGE types (Table 2). A major PFGE type, F, ap-
peared among collection 1 isolates (89%) and also among
collection 2 isolates from hospitals 16 (82%) and 20 (100%).
We provisionally named this clone the Czech clone. PFGE
type A, characteristic of the Iberian clone, was represented by
two isolates in collection 1 (4%) and was found as a major
PFGE type (87%) among collection 2 isolates from hospital 42.
PFGE type B, characteristic of the Brazilian clone, was repre-
sented by a single isolate in collection 1 and by four isolates
from hospital 16 in collection 2. PFGE type H was found in
both collection 1 (one isolate) and collection 2 (three isolates
from hospital 42). Sporadic PFGE type I was represented by a

single isolate in collection 1. Figure 3 shows the major PFGE
types found in this study as well as representatives of some
international MRSA clones.

(iii) MLST and SCCmec types. MLST and SCCmec typing
were applied to representatives of each of the clonal types
identified in this study by PFGE and ribotyping. ST239 and
SCCmec type IIIA are characteristic of both the Brazilian
(PFGE type B, ribotype H1) and the Czech (PFGE type F,
ribotype H6) clones. A single strain that was ST239 and
SCCmec type IIIA also was HindIII ribotype H6, typical of the
Czech clone, and PFGE pattern B, typical of the Brazilian
clone. A clone isolated in hospital 42 only, distinguished by
HindIII ribotype H2 and PFGE type A, belonged to ST247 and
SCCmec type IA, which are typical of the Iberian clone.

All four strains of a sporadic clone that were resistant to
erythromycin, clindamycin, and ciprofloxacin only belonged to
ribotype H, PFGE type H, ST22, and SCCmec type IV.

The single isolate of the clone characterized by ribotype H8
and PFGE type I displayed SCCmec type I and belonged to
ST111, which has so far been only detected in one MRSA
strain (AB-903627/02) from Norway (http://www.mlst.net).

DISCUSSION

The mean proportion of MRSA blood isolates in the Czech
Republic over the years 1999-2001 was reported to be 3 to 10%
(22). However, MRSA prevalence varies substantially among
Czech hospitals (2 to 18.5%) (Table 1), which may be due to
differences in the hospital hygiene guidelines applied and/or
antibiotic use. In an attempt to determine the evolution of
MRSA clonal types in the Czech Republic from 1996-1997 to
2000-2002, 100 recent isolates were characterized by different
molecular typing methods. The most surprising observation of

FIG. 1. Map of the Czech Republic with locations of the 21 participating hospitals. Hospitals are designated with code numbers. The
appearance of a particular clonal type is indicated by a symbol (�, Czech clone; ��, Iberian clone; ���, Brazilian clone) or by its molecular
characteristics (ribotype:PFGE type).
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this study was the high frequency of a clonal group defined by
ST239, SCCmec type IIIA, PFGE type F, and ribotype H6
which was dominant (89%) among the isolates from blood
samples (collection 1) and also among the isolates from two
hospitals of collection 2 (82 and 100%) (Table 2). This clonal
type was detected in 17 of the 21 hospitals included in this
study (Fig. 1).

The Brazilian clone (ST239, SCCmec type IIIA, PFGE type
B, ribotype H1), which in 1996-1997 was the major clone
spread in two Prague and one Brno hospital (19), was no

longer the dominant one in 2000-2002, being represented only
by four isolates from the same hospital in collection 2. Inter-
estingly, three of these isolates were collected from outpa-
tients, which indicates that the Brazilian clone may still be
present in the community. The Iberian clone (ST247, SCCmec
type IA, PFGE type A, ribotype H2), represented by 12% of
the isolates in 1996-1997 and detected in two hospitals, one in
Prague and the other in Plzeò (19), was found to be the dom-
inant clone in one of the hospitals of collection 2 (hospital 42)
and was detected in one isolate of collection 1 collected at the

TABLE 2. Phenotypic and genotypic properties of 100 MRSA isolates from the Czech Republic

Ribotype PFGE
type

No. of
isolates

Clonal
type

Antibiotic resistanceb

(�50% of the
isolates)

Presence of aminoglycosidesc Presence of macrolidesc

MLST typed ST SCCmec
typeaac6�-aph2�� aph3� ant4� ermA ermB ermC msrA

Collection 1a

H1 A1 1 H1:A O, E, G, K, S, TO,
CLI, C, T, R

� 	 � � 	 � 	 3-3-1-12-4-4-16 247 IA

H2 A2 1 H2:A O, E, G, K, S, TO, � 	 � � 	 � 	 3-3-1-12-4-4-16 247
Iberian CLI, C, T, R

H6 F1 36 H6:F
Czech

O, E, G, K, S, TO,
CLI, C, T, R

� 	(7�) 	(1�) �(1	) 	 �(3	) 	 2-3-1-1-4-4-3 239 IIIA

F3 1 O, E, G, K, S, TO,
CLI, C, T, R

� 	 � � 	 � 	

F5 1 O, E, G, K, S, TO,
CLI, C, T, R

� 	 � � 	 � 	

F6 2 O, E, G, K, S, TO,
CLI, C, T, R

� 	 � � 	 � 	

H6 B1 1 H6:B O, E, G, K, S, TO,
CLI, C, T, R

� 	 	 � 	 	 	 2-3-1-1-4-4-3 239 IIIA

H7 H2 1 H7:H O, E, CLI, C � 	 	 	 	 � 	
H8 I 1 H8:I O, E, G, K, S, TO,

CLI, C
� � 	 � 	 � 	 1-4-1-4-46-24-29 111 I

Collection 2
Hospital 16

H1 B1 3 H1:B
Brazilian

O, E, G, K, S, TO,
CLI, SXT, C, T,
R

� � 	 � 	 � 	 2-3-1-1-4-4-3 239 IIIA

B5 1 O, E, G, K, S, TO,
SXT, C, T, F,
CHL, R

� � 	 � 	 	 	

H6 F1 14 H6:F
Czech

O, E, G, K, S, TO,
CLI, C, T, R

�(1	) 	 	 (�1) � 	 �(2	) 	 2-3-1-1-4-4-3 239 IIIA

F2 2 O, E, G, K, S, TO,
CLI, C, T, Re


 	 	 � 	 � 	

F3 1 O, E, G, K, S, TO,
CLI, C, T, R

� 	 	 � 	 � 	

F5 1 O, E, G, K, S, TO,
CLI, C, T, R

� 	 	 � 	 � 	

Hospital 20
H6 F1 10 H6:F

Czech
O, E, G, K, S, TO,

CLI, C, T, R
� 	 	(4�) � 	 �(4	) 	 2-3-1-1-4-4-3 239 IIIA

Hospital 42
H2 A1 1 H2:A

Iberian
O, E, G, K, S, TO,

CLI, C, T, R
	 	 	 	 	 � �(1	) 3-3-1-12-4-4-16 247 IA

A2 19 O, E, G, K, S, TO,
CLI, C, T, R

�(1	) 	 � �(1	) 	 	 	

H7 H1 3 H7:H O, E, C 	 	 	 	 	 � �(1	) 7-6-1-5-8-8-6 22 IV

a Collection 1, isolates collected exclusively from blood samples from 20 hospitals; collection 2, isolates collected from three different hospitals from a variety of
clinical sources.

b O, oxacillin; C, ciprofloxacin; CLI, clindamycin; E, erythromycin; T, tetracycline; G, gentamicin; K, kanamycin; S, streptomycin; TO, tobramycin; SXT, tri-
methoprim-sulfamethoxazole; CHL, chloramphenicol; R, rifampin; F, fusidic acid.

c �, positive, 	, negative; exceptions are indicated in parentheses.
d The strains characterized by MLST were the following: CCM 7109 (ST22, SCCmec type IV, PFGE SmaI type H, ribotype HindIII H7), CCM 7110 (ST111, SCCmec

type, PFGE SmaI type I, ribotype HindIII H8), CCM 7111 (ST239, SCCmec type IIIA, PFGE SmaI type B, ribotype HindIII H1), CCM 7112 (ST239, SCCmec type
IIIA, PFGE SmaI type F, ribotype HindIII H6), CCM 7113 (ST239, SCCmec type IIIA, PFGE SmaI type B, ribotype HindIII H6), CCM 7114 (ST247, SCCmec type
IA, PFGE SmaI type A, ribotype HindIII H1), and CCM 7115 (ST247, SCCmec type IA, PFGE SmaI type A, ribotype HindIII H2). CCM refers to the Czech Culture
Collection of Microorganisms.

e One isolate was susceptible to gentamicin, kanamycin, and tobramycin.
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same hospital. This hospital was located 350 km from Prague
and 450 km from Plzeò. We can hypothesize that the blood
isolates (collection 1), which are often unique isolates of the
hospitals included in this study, might reflect the predominant
clone of the hospital in which they were collected. What should
be pointed out is the switch in the SXT resistance pattern from
90% SXT-resistant strains in 1996-1997 to only 10% in 2000-
2002, which is consistent with the displacement of the SXT-
resistant (Sxtr) Brazilian clone by the new SXT-susceptible

(Sxts) Czech MRSA clone. A similar situation had been ob-
served in a Portuguese hospital in which the Sxts Iberian clone
was replaced by the Sxtr Brazilian clone (5). Although suscep-
tible to SXT, the new Czech MRSA clone is multidrug resis-
tant, showing resistance to penicillin, oxacillin, erythromycin,
gentamicin, clindamycin, ciprofloxacin, and rifampin.

On the basis of identical MLST profiles (ST239) and
SCCmec types (IIIA) between the Brazilian and the new Czech
MRSA clones, we can hypothesize that the later clone might
have evolved from the Brazilian clone, which was spread in
large Czech cities in 1996-1997. The possible origin of the new
Czech clone from the Brazilian one could be explained by
rearrangement of chromosomal DNA. The precise mechanism
of such rearrangement is still unclear, but some mutations
must have taken place in, or close to, some of the ribosomal
operons, because the HindIII ribotype of the Czech clone (H6)
was different from that of the Brazilian one (H1). Interestingly,
we found one isolate that showed HindIII profile H6, typical of
the Czech clone, and PFGE profile B, characteristic of the
Brazilian clone. This fact is also in agreement with our hypoth-
esis that the Czech clone evolved from the Brazilian clone on
Czech territory between 1996 and 2000. However, the biolog-
ical properties that conferred a selective advantage to this new
clone are still unknown, except for the production of entero-
toxin A that seems to be associated with the new Czech clone
(seven strains of nine strains tested expressed the toxin) and
not with the Brazilian clone (all of four strains tested were
negative). What is alarming is the production of enterotoxin A
by most strains of the new Czech clone, to which the majority

FIG. 2. Ribotypes found among 100 MRSA clinical isolates from the Czech Republic. Lane 1, molecular size standard (lambda digest with StyI
plus HindIII); lanes 3 to 5 and 7, ribotype H1; lanes 2 and 10, ribotype H2; lanes 6, 8, 9, 11, and 12, ribotype H6; lanes 13, 14, and 16, ribotype
H7; and lane 15, ribotype H8.

TABLE 3. Distribution of macrolide and aminoglycoside resistance
genes in MRSA isolates from the Czech Republica

No. of
isolates with

macrolide
profile

Macrolide profile
No. of

isolates with
aminogly-

coside
profile

Aminoglycoside profile

ermA ermB ermC msrA aac6�-aph2�� aph3� ant4�

30 � 	 	 	 54 � 	 	
0 	 � 	 	 1 	 	 �
3 	 	 � 	 0 	 � 	
0 	 	 	 � 28 � 	 �
0 � � 	 	 12 � � 	

64 � 	 � 	 0 	 � �
0 � 	 	 � 0 � � �
0 	 � � 	 5 	 	 	
0 	 � 	 �
2 	 	 � �
1 	 	 	 	

a The numbers of isolates that carried each antibiotic resistance gene were as
follows: macrolide genes, ermA, 94; ermB, 0; ermC, 69; mrsA, 2 (total, 100),
aminoglycoside genes, aac6�-aph2��, 94; aph3�, 12; ant4�, 29 (total, 100).
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of the Czech MRSA isolates from 2000-2002 belonged: this
enterotoxin with its superantigen properties might cause de-
velopment of toxic shock syndrome, with possibly lethal out-
comes (6).

The Hungarian (9) and Taiwan clones, which belong to
ST239 and ST241 (single locus variant of ST239) (1, 23, 26, 27)
and ribotypes H1 and H2, respectively, may also be progenitors
of the Czech clone. Representatives of ST239 were also re-
ported from other countries all over the world, including the
countries neighboring the Czech Republic (Hungary, Poland,
and Germany) (13, 23).

Some hospitals in Prague and one hospital in Plzeò have
specialized units (hospital 3, transplantation unit; hospital 5,
transplantation and burn units; hospital 20, trauma and neu-
rology diagnosis units; hospital 6, transplantation unit) that
receive patients from all over the country who are further
transferred to regional hospitals. This fact might have played
an important role in the massive dissemination of the new
Czech MRSA clone all over the country in a relatively short
period of time. The spread of MRSA strains could be traced
based on movements of patients and healthcare staff between
hospitals. The precise mechanism of the displacement of the
predominant (80%) Brazilian clone (1996-1997) by the Czech
clone before the year 2000 still remains unknown.

All of the four strains of a sporadic clonal type that were
resistant to erythromycin, clindamycin, and ciprofloxacin only
and were characterized by HindIII ribotype H7 and PFGE
profile H shared the group ST22. PFGE type H seems to be
identical to the PFGE type characteristic of EMRSA-15,
which, together with EMRSA-16, is the most prevalent MRSA
clone in hospitals in the United Kingdom and was also de-
tected in northern Berlin, Germany (20, 28, 38). The strains
from the United Kingdom and Germany showed the same
antibiogram as clone H7:H (28, 38) but were producers of
enterotoxin C (28), whereas clone H7:H produced enterotoxin
A. Both clone H7:H and the German strains possess the ermC
determinant (38), and two strains of clone H7:H possess the
msrA gene as well. Clone ST22, H7:H, could have spread to the
Czech Republic from the United Kingdom or from Germany.

We have studied the distribution of MLSB resistance deter-
minants by PCR among the 100 MRSA isolates. Resistance to
erythromycin was found for 98 isolates, and all of them con-
tained one or more erm genes. When a single MLSB resistance
determinant was present, the ermA gene was the most common
(94%), followed by ermC (69%), whereas ermB was not de-
tected in any isolate. Macrolide resistance due to msrA was
rare (2%) and seems to be more frequent in coagulase-nega-
tive staphylococci than in S. aureus (17). Analysis of S. aureus
strains isolated from blood in Denmark indicated that the
ermA and/or ermC genes were responsible for erythromycin
resistance in 98% of 428 isolates (37). A study involving 851 S.
aureus isolates collected in 1997-1998 from 24 European uni-
versity hospitals (33) and another one involving 294 S. aureus
strains isolated in 1995 in French hospitals (17) concordantly
concluded that the ermA gene was more common in MRSA
isolates than in methicillin-susceptible S. aureus isolates. ermA
occurs on the transposon Tn554 (35), which is present in the
large majority of clinical MRSA isolates and absent from me-
thicillin-susceptible S. aureus isolates (15), which may explain

the high prevalence of the ermA gene among clinical MRSA
isolates.

The frequency of genes encoding aminoglycoside-modifying
enzymes was studied in the 100 MRSA isolates. The aac6�-
aph2�, ant4�, and aph3� genes were present in 94, 29, and 12%
of the isolates, respectively. These results confirmed those of
Schmitz et al. (32), who documented that aac6�-aph2� has been
the gene most frequently found in MRSA strains isolated in
Europe. However, ant4� was more prevalent in Japanese iso-
lates (14). The major MRSA clonal type found in Japan (2) is
very distinct from the ones found in European countries, which
might explain the predominance of the ant4� gene in Japanese
isolates (14) compared with the higher prevalence of aac6�-
aph2� in Europe. Among the 100 MRSA isolates included in
this study, five were susceptible to gentamicin, kanamycin, and
tobramycin and did not carry any of the three aminoglycoside
determinants. However, two of these isolates were resistant to
streptomycin, which could be explained by the presence of the
resistance gene str or chromosomal mutations (strA) (32).

When we combined data of aminoglycoside and macrolide
resistance genes with clonal types, we observed that the differ-
ent clonal types found in this study could be distinguished by
the presence or absence of these resistance genes (Table 2).
The Iberian clone could be distinguished from the Brazilian
clone by the presence of ant4� and the absence of aph3�,
whereas the new Czech MRSA clone seldom carried even one
of these two genes. None of the aminoglycoside resistance
genes was detected in isolates belonging to the minor clone

FIG. 3. PFGE of SmaI macrorestriction fragments of MRSA clin-
ical isolates from the Czech Republic and representatives of some
international MRSA clones. Lane 1, lambda marker; lanes 2 and 15,
NCTC8325; lanes 3 to 6, representatives of the Iberian clone (lane 3,
PER34 [10]; lane 4, PL21 [19]; lane 5, 1NJ [this study]; lane 6, 2NJ [this
study]); lanes 7 to 9, representatives of the Brazilian clone (lane 7,
HU25 [34]; lane 8, KV173 [19]; lane 9, 2A8 [this study]); lanes 10 and
11, representatives of the Hungarian clone (lane 10, HUSA 304 [9];
lane 11, HU101 [23]); lane 12, representative of the new Czech MRSA
clone, 2HK (this study); lanes 13 and 14, representatives of the major
clone of Taiwan (lane 13, TAW3; lane 14, TAW 10 [1]).
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characterized by PFGE type H, ribotype H7, ST22, and
SCCmec type IV, which also had a different aminoglycoside
resistance gene profile. Regarding macrolide resistance genes,
the Iberian clone could be distinguished from the Brazilian
clone and the new Czech clone by the absence of ermC. How-
ever, the Brazilian and the Czech clones have identical mac-
rolide resistance gene profiles.

In summary, our results, based on two distinct collections of
invasive and noninvasive MRSA isolates, clearly document the
displacement of the Brazilian clone (ST239, SCCmec type
IIIA, PFGE type B, ribotype H1) by the new Czech clone
(ST239, SCCmec type IIIA, PFGE type F, ribotype H6) and
the maintenance of the Iberian clone (ST247, SCCmec type IA,
PFGE type A, ribotype H2) exclusively in one hospital in the
Czech Republic. In addition, we found a correlation between
the distribution of aminoglycoside resistance genes and the
different MRSA clonal types.

ACKNOWLEDGMENTS

This study was supported by grant 310/01/1363 of the Grant Agency
of the Czech Republic awarded to O. Melter. Support was also re-
ceived from the Fundação para a Ciência e Tecnologia, Lisbon, Por-
tugal, within project POCTI/1999/ESP/34872 awarded to H. de Len-
castre. M. Aires de Sousa was supported by grant BD/13731/97,
PRAXIS XXI, from the Fundação para a Ciência e Tecnologia, Lis-
bon, Portugal, and by grant 310/01/1363 of the Grant Agency of the
Czech Republic.

We are grateful to the Czech EARSS participants for collecting
staphylococcal isolates. We thank P. Petras for the detection of staph-
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