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Methicillin-resistant Staphylococcus aureus (MRSA) strains (n � 455) collected in 2001 from 100 Belgian
hospitals were characterized by molecular typing and by resistance gene distribution to macrolides-lincos-
amides-streptogramins and to aminoglycoside antibiotics. Rapid diversification of MRSA clones, compared
with results of previous surveys, was evidenced by the broad geographic distribution of seven major clones
belonging to the pandemic MRSA clonal complexes 5, 8, 22, 30, and 45 by multilocus sequence typing.

In Belgium, the proportion of methicillin-resistant strains
isolated from patients with Staphylococcus aureus bactere-
mia has risen from 23% in 1999 to 28% in 2002 (6). Since
1995, the methicillin-resistant S. aureus (MRSA) reference
laboratory has organized epidemiological surveillance to
monitor the evolution of genotypes and of antimicrobial
resistance profiles of MRSA strains isolated from hospital-
ized patients in Belgium (3). During the last two surveys,
performed in 1995 and 1997, molecular typing of MRSA
strains showed the prominence of three major epidemic
pulsed-field gel electrophoresis (PFGE) types, A1, B2, and
C3, together comprising nearly 90% of isolates (3). The
proportion of gentamicin-susceptible strains rose from 22 to
48%, in parallel with an increasing prevalence of type B2
strains. In this report, we describe the distribution of clonal
types and resistance genes to aminoglycoside antibiotics and
macrolides-lincosamides-streptogramins (MLS) in MRSA
strains from a national survey conducted in 2001.

From January to December 2001, 455 nonduplicate, clinical
MRSA isolates were referred from 100 acute-care hospitals
(51% of Belgian sites) to the reference laboratory. In the
reference laboratory, identification was confirmed by coagu-
lase testing, oxacillin agar screening, and PCR for the detec-
tion of 16S rRNA and mecA and nuc genes (14). MICs for 17
antimicrobial agents were determined by the agar dilution
method (15). NCCLS breakpoints were used for MIC inter-
pretation for all drugs except fusidic acid and mupirocin, which
were interpreted according to the Committee for Antimicro-
bial Testing of the French Society of Microbiology and British
Society for Antimicrobial Chemotherapy, respectively (1, 2).
Erythromycin and clindamycin were tested by the disk diffusion
method to differentiate the MLS resistance phenotype as in-
ducible or constitutive. The aminoglycoside-modifying en-
zymes (AME) encoded by aac(6�)-aph(2�), ant(4�), and
aph(3�), the ribosomal methylases encoded by erm(A) and

erm(C), the macrolide efflux pumps encoded by msr(A) and
msr(B), and the streptogramin A inactivating enzyme encoded
by vat(B) were tested by PCR (4, 22). MRSA strains with
decreased susceptibility to mupirocin (MIC � 8 �g/ml) were
tested by PCR for the mupA gene coding for the isoleucyl-
tRNA synthetase 2 (3). All strains were genotyped by SmaI
macrorestriction analysis of genomic DNA resolved by PFGE,
and patterns were classified as previously described (3, 5).
Epidemic MRSA type strains were defined as type strains
recovered in more than five hospitals. Multilocus sequence
typing (MLST) was performed on selected MRSA strains (n �
26) belonging to the major epidemic PFGE types (7). The
staphylococcal cassette chromosome mec (SCCmec) type was
determined for representative MRSA strains from each PFGE
type by multiplex PCR (17).

In many countries, nosocomial MRSA clones were previ-
ously coresistant to multiple classes of antimicrobials, like ami-
noglycosides, MLS, quinolones, and rifampin (9). In 1995,
MRSA strains collected from Belgian hospitals were on aver-
age coresistant to seven antimicrobials (3). In 2001, in contrast,
MRSA strains were, on average, coresistant to only three an-
timicrobials other than beta-lactams. The loss of coresistance
was particularly pronounced with aminoglycosides and clinda-
mycin. The proportion of resistance to MLS (Table 1) was
comparable to that reported in recent European surveys (9,
21). All but one MLS-resistant strain contained either the
erm(A) (34%) or the erm(C) (30%) gene or a combination of
both erm genes (0.4%) (Table 2), as observed in previous
studies in Europe (12, 20). The proportion of erm(C) genes in
MLS-resistant strains was higher than that previously observed
(4). The single isolate resistant to quinupristin-dalfopristin har-
bored the vat(B) gene associated with the erm(A) gene. Eighty-
seven percent of strains harboring the erm(A) gene expressed
the constitutive MLS phenotype. On the other hand, the
erm(C) gene was present in 95% of the strains with the induc-
ible MLS phenotype. Most of the strains were susceptible to
aminoglycosides except to tobramycin. Among aminoglyco-
side-resistant strains, 40% of isolates carried the ant(4�) gene,
12% of isolates carried the aac(6�)-aph(2�) gene, and 5% of

* Corresponding author. Mailing address: Service de Microbiologie,
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isolates carried the aph(3�) gene (Table 2). One aminoglyco-
side-susceptible isolate carried the ant(4�) gene. Previous Eu-
ropean and Japanese surveys conducted in the 1990s found a
higher prevalence of AME genes, from 53 to 85% for the
ant(4�) gene and from 62 to 100% for the aac(6�)-aph(2�) gene,
whereas the aph(3�) gene was found less frequently (11, 19,
23). The proportion of high-level resistance to mupirocin re-
mained low (3.5%) but has increased significantly over the last
years (P � 0.007). All strains with high-level resistance to
mupirocin carried the mupA gene. More than 95% of strains
were resistant to ciprofloxacin, whereas �90% of strains were
susceptible to fusidic acid, minocycline, and trimethoprim-sul-
famethoxazole. All isolates were susceptible to linezolid and

glycopeptides. However, borderline glycopeptide-susceptible
strains (with a vancomycin MIC of 4 �g/ml and a teicoplanin
MIC of 8 �g/ml) suggest the presence of isolates with resistant
subpopulations. These strains are being further characterized
by population analysis (13).

The SCCmec types could be determined for 56 (93%)
MRSA strains tested by multiplex PCR and were found to
be the following: type IV (n � 34), type I (n � 12), type II
(n � 8), and type III (n � 2). The genotyping of 455 MRSA
strains showed 124 PFGE patterns categorized into 23
groups and 57 types. Group A strains (n � 116) were sub-
divided into 13 types. Types A20 (n � 60), A21 (n � 19), and
A1 (n � 14) represented 79% of group A strains (Table 3).

TABLE 1. Cumulative percentages of MRSA strains (n � 455) inhibited by increasing concentrations of 17 antimicrobial drugs and
distribution by susceptibility categorya

Drug
% of strains susceptible at MIC (�g/ml) of: % of strains per

susceptibility category

0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 �128 �1,024b S I R

OXA 0 0 0 0 0 1 1 3 9 42 68 82 100 0.1 0 99.9
VAN 0 0 0 14 54 99 100 100 100 100 100 100 100 100 0 0
TEC 0 2 16 64 89 97 100 100 100 100 100 100 100 100 0 0
ERY 0 2 16 36 36 36 36 36 36 37 39 50 100 36.0 0 64.0
CLI 13 33 58 62 62 62 62 62 62 62 62 62 100 62.2 0.2 37.6
Q-D 1 6 31 88 100 100 100 100 100 100 100 100 100 99.8 0 0.2
CIP 0 0 1 5 5 5 6 11 23 29 36 51 100 5.1 0.4 94.5
LZD 0 0 0 2 12 53 100 100 100 100 100 100 100 100 0 0
GEN 1 10 74 88 88 89 89 89 89 90 92 98 100 88.6 0.2 11.2
AMK 1 1 1 3 33 58 64 80 94 98 99 99 100 93.8 4.4 1.8
NET 0 6 60 87 90 90 93 98 100 100 100 100 100 97.8 2.0 0.2
TOB 0 17 49 51 53 53 53 55 60 65 69 78 100 53.4 1.3 45.3
MIN 12 42 82 87 89 91 93 95 98 100 100 100 100 93.4 2.0 4.6
RIF 93 93 93 93 94 96 96 97 97 97 97 97 100 94.5 2.0 3.5
SXT 80 91 98 99 99 99 99 100 100 100 100 100 100 99.3 0 0.7
FUS 42 60 75 92 93 94 95 98 99 99 100 100 100 93.6 5.7 0.7
MUP 7 12 42 89 89 90 90 92 94 96 96 96 97 100 89.7 6.8 3.5

a Abbreviations: OXA, oxacillin; VAN, vancomycin; TEC, teicoplanin; ERY, erythromycin; CLI, clindamycin; Q-D, quinupristin-dalfopristin; CIP, ciprofloxacin;
LZD, linezolid; GEN, gentamicin; AMK, amikacin; NET, netilmicin; TOB, tobramycin; MIN, minocycline; RIF, rifampin; SXT, trimethoprim-sulfamethoxazole; FUS,
fusidic acid; MUP, mupirocin.

b �1,024 column contains data only for mupirocin; no other strains were tested at that concentration.

TABLE 2. Distribution of MLS resistance and AME genes among MRSA strains by PFGE type

Gene(s)

No. of genes detected per PFGE type

A1
(n � 14)

A20
(n � 60)

A21
(n � 19)

B2
(n � 215)

G10
(n � 15)

L1
(n � 13)

C3
(n � 10)

Other
(n � 109)

Total
(n � 450)

MLS resistance gene(s)
erm(A) 13 59 5 3 14 1 2 56 153
erm(C) 1 0 1 105 1 12 4 11 135
erm(A) � erm(C) 0 0 0 1 0 0 0 1 2
erm(A) � vat(B) 0 0 0 0 0 0 0 1 1
No gene detected 0 1 13 106 0 0 4 40 164

AME gene(s)
aac(6�)-aph(2�) 2 0 0 0 0 0 2 7 11
aac(6�)-aph(2�) � ant(4�) 9 2 0 1 0 0 0 12 24
aac(6�)-aph(2�) � aph (3�) 0 0 0 0 0 0 0 20 20
ant(4�) 1 51 17 30 14 1 7 37 158
aph(3�) 0 0 0 0 0 0 0 2 2
No gene detected 2 7 2 184 1 12 1 31 240
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Type A1 strains belonged to the sequence type 247 (ST247)-
SCCmec I clone. Type A20 and A21 strains belonged to the
same clonal complex, CC8, but had a different sequence
type (ST8) and carried the SCCmec IV type. Group B
strains (n � 233) were clustered into nine types. The major
type, B2, represented 92% of strains (n � 215) and belonged
to the ST45-SCCmec IV clone. Group C strains (n � 37)
belonged to the ST5-SCCmec IV clone and included nine
PFGE types, of which C3 (n � 10) was the most frequently
found. Group G strains (n � 18), subdivided into two types,
had the same ST (ST5) but carried the SCCmec II type.
Group L strains (n � 13), all of which shared a single type
(L1), were identical by MLST and SCCmec type analysis to
the “UK-epidemic MRSA (EMRSA) 15 clone” (ST22-
MRSA-IV) (8). Seventy-six percent of the MRSA strains
were distributed into seven major epidemic types: B2, A20,
A21, G10, A1, L1, and C3 (Table 2), belonging to five clonal
complexes causing nosocomial outbreaks worldwide (5, 8,
18).

In the late 1980s, type A1 strains were associated with hos-
pital outbreaks in Belgium and spread to the whole country in
the early 1990s (Fig. 1) (3, 5). In 2001, type A1 strains had been
progressively supplanted by other epidemic clones and were
present only in the southern part of the country (3). Type B2
strains emerged in 1992 in the western part of the country and
spread thereafter to the neighboring provinces to become pre-
dominant in 2001 (3, 5). Type A20 strains were mainly recov-
ered in the southern part of the country, whereas type A21
strains were predominantly disseminated in the north. G10
strains were recovered only from hospitals in Brussels and
Walloon. L1 and C3 strains were found with similar low fre-
quencies in the three regions.

The majority of type A1 strains harbored ermA and the
combination of aac(6�)-aph(2�) and ant(4�) genes (Table 2).
Most of the type A20 and A21 strains, carrying predominantly
only ant(4�), were more susceptible to aminoglycosides. How-
ever, most type A20 strains contained erm(A), conferring re-
sistance to MLS. The majority of B2 strains were susceptible to

aminoglycosides (86%), although some isolates harbored the
AME genes. For the MLS resistance genes, type B2 strains
contained either no MLS resistance gene (49%) or erm(C)
(49%). G10 strains harbored the ant(4�) (93%) and erm(A)
(93%) genes, whereas 92% of L1 strains showed only the
erm(C) gene and no resistance gene to aminoglycosides. The
distribution of resistance genes was heterogeneous in type C3
strains. The mupA gene was recovered in MRSA type A20, C3,
and B2 strains.

The proportion of MRSA infections acquired after 48 h of
hospitalization in acute-care hospitals decreased significantly,
from 85% in 1995 to 69% in 2001 (P � 0.001) (3). This
phenomenon probably reflects the constitution of an increas-
ing reservoir of chronic MRSA carriers. Recently, Hoefnagels-
Schuermans et al. have reported an MRSA strain carriage
prevalence of 4.9% in residents of 17 Belgian nursing homes
(10). They observed that 98% of MRSA isolates belonged to
the three major Belgian epidemic types that were widely dis-
seminated in acute-care hospitals at that time.

In summary, data from consecutive national surveys
showed a recent diversification of MRSA clones dissemi-
nated in Belgian hospitals, with the broad diffusion of seven
major clones belonging to the five pandemic MRSA lineages
causing nosocomial infections worldwide. Of note, there was
a marked expansion in the number of epidemic strains car-
rying the type IV SCCmec cassette that was previously
thought to characterize community-acquired MRSA strains
(16). The changes in the prevalence of epidemic MRSA
genotypes led to shifts in AME and methylase gene distri-
bution, with a decreased proportion of multidrug-resistant
MRSA strains. Over the years, the proportion of patients
who carried MRSA strains on admission has risen in hospi-
talized patients. These trends show that MRSA strains rep-
resent a major burden of nosocomial infections in Belgium,
with an increasingly large patient reservoir that challenges
infection control efforts.

TABLE 3. Distribution of MRSA strains (n � 455) by PFGE, MLST, and SCCmec types

PFGE group PFGE
type

No. of
isolates

No. of
hospitals

MLST allelic
profile

Sequence
type

Clonal
complex

SCCmec
type

A A1 14 12 3-3-1-12-4-4-16 247 8 I
A20 60 32 3-3-1-1-4-4-3 8 8 IV
A21 19 13 3-3-1-1-4-4-3 8 8 IV
Other 23 18

B B2 215 80 10-14-8-6-10-3-2 45 45 IV
Other 18 16

C C3 10 6 1-4-1-4-12-1-10 5 5 IV
Other 27 21

G G10 15 12 1-4-1-4-12-1-10 5 5 II
Other 3 3

L L1 13 6 7-6-1-5-8-8-6 22 22 IV

Other 38 27
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