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The X region of the protein A gene of Staphylococcus aureus contains a highly polymorphic sequence which
is composed of repeats of 24 bp. We used amplification by PCR to investigate whether this region could be used
to discriminate between epidemic and nonepidemic methicillin-resistant S. aureus (MRSA) strains. Most
epidemic MRSA strains (24 of 33) harbored more than seven repeats, while most nonepidemic MRSA strains
(10 of 14) contained seven or fewer repeats. It is conceivable that a longer X region results in a better exposition
of the Fc-binding region of protein A, thereby facilitating colonization of host surfaces and contributing to the
epidemic phenotype.

Methicillin-resistant Staphylococcus aureus (MRSA) strains
are a persistent and increasing cause of nosocomially acquired
infections in many hospitals in the world. Some MRSA strains
are able to spread rapidly among patients, and these strains
have been designated epidemic to differentiate them from
strains that lack this capacity (4). The phenomenon of epi-
demic strains was also described for methicillin-sensitive S.
aureus (MSSA) strains by Williams in 1959 (9). The question of
why some S. aureus strains show an epidemic spread after
introduction in the hospital whereas others do not has not yet
been answered.
The aim of the present study was to identify a genetic marker

to discriminate epidemic from nonepidemic MRSA strains.
Such a prognostic marker would allow selective implementa-
tion of strict measures to prevent dissemination of MRSA
strains within hospitals. It may also provide insight into the
bacterial factors involved in epidemic spread. In the present
study, epidemic MRSA strains were defined as having caused
hospital outbreaks involving at least two patients or staff
members in one or more hospitals. MRSA strains that were
isolated only once were defined as nonepidemic or sporadic.
The majority (i.e., 33) of the 47 MRSA strains used for this

study were isolated during an ongoing MRSA surveillance
study in Dutch hospitals that was initiated by the National
Institute of Public Health and Environmental Protection.
These strains were not epidemiologically related and were
generally imported by patients after a stay in a hospital in
another country. According to the criteria mentioned above,
19 of the 33 strains were classified as epidemic MRSA strains,
whereas 14 were classified as nonepidemic MRSA strains. In
addition to the 33 strains of the Dutch survey, 14 well-
documented epidemic MRSA strains from England and Wales
(EMRSA-1 through EMRSA-14) were included in this study
(5). Most of the 47 strains belonged to different phage types, as
was determined with the International set of phages and two
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sets of supplementary phages (8a). A supplement with details
on the origins and phage types of the MRSA strains is available
upon request.
Phage typing has been used in attempts to discriminate

between epidemic and nonepidemic MRSA strains. However,
although there is a preponderance of certain phage types in
epidemic strains (5), the association of phage type and epi-
demic character is not rigorous enough to be of prognostic
value. Another method to characterize MRSA strains is to
focus on polymorphic DNA regions (2). Such polymorphisms
can be detected by amplification of a hypervariable DNA
region(s) and subsequent digestion with restriction endonucle-
ases. We selected the gene for protein A (spa) for our studies,
because it is a surface protein known to carry polymorphic
regions (1). The spa gene is composed of approximately 2,150
bp and harbors a number of functionally distinct regions (Fig.
1): an Fc-binding region, the so-called X region, and, at the C
terminus, a sequence required for cell wall attachment (7), The
Fc-binding region is composed of five 160-bp repeats. The X
region contains a varying number of 24-bp repeats (3, 8). This
repetitive region is highly polymorphic, and we investigated
whether it could be used to discriminate epidemic from
nonepidemic strains. The X region from a number of strains
was amplified by PCR. The PCR product is cleaved in three
fragments with RsaI, two of which are composed of 214 and 35
bases, respectively. The third fragment contains the repetitive
DNA, and from its size the number of repeats can be estimated
(Fig. 1). The numbers of complete repeats in the X region
appeared to vary from 3 to 15 between different strains (Fig. 1).
To study the degree of instability of the X region, we

analyzed a number of MRSA isolates obtained from a patient
with cystic fibrosis. These strains were isolated in 1987, 1989,
and 1992 and were indistinguishable with respect to phage type
and antibiogram. All three strains revealed the same number
of repeats in the X region (i.e., 12 repeats). Also, during
subculturing of strains in vitro we have not been able to detect
a change in the number of repeats in the X region. These
observations indicate that this region, although polymorphic, is
sufficiently stable to allow discrimination of epidemiologically
unrelated isolates.
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FIG. 1. (A) Physical map of the protein A. The locations of the
forward primer (5' TGTAAAACGACGGCCAGTGCTAAAAAGC
TAAACGATGC 3') and reverse primer (5' CAGGAAACAGCTAT
GACCCCACCAAATACAGYTGTACC 3') are indicated. (B) Anal-
ysis of the X region with PCR. After PCR, DNA was cleaved with RsaI
and separated on 3% NuSieve GTG agarose (FMC) in 0.5 x Tris-
borate-EDTA. The smallest fragment (35 bases) generated by cleaving
the PCR product with RsaI is not visible on the gel. The numbers of
complete repeats are indicated above the lanes. Molecular weight
standards are indicated on the left (Marker V; Boehringer).

Subsequently, we determined whether there was a correla-
tion between the number of repeats and the epidemic charac-
ter of MRSA strains. In most (24 of 33) of the epidemic MRSA
strains, we found more than seven 24-bp repeats in the X
region of the spa gene (Fig. 2). Ten of the 14 nonepidemic
strains showed seven or fewer repeats (Fig. 2). Thus, there was

a highly significant correlation (chi-square test [P < 0.005])
between the number of repeats and the epidemic character of
strains; strains with more than seven repeats in the X region
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FIG. 2. Histogram showing the distribution of the numbers of
repeats in epidemic (EMRSA) and nonepidemic (non-EMRSA)
strains.

tended to be epidemic, while the presence of seven or fewer
repeats was indicative of a nonepidemic character. However,
not all strains were found to comply with this simple rule. In
nine epidemic MRSA strains, we found six and seven repeats
in the X region. Four nonepidemic MRSA strains which
contained 9, 10, or 11 24-bp repeats also were exceptions to the
rule.

Several explanations may be put forward for these excep-
tions. First, the definition of the epidemic phenotype may be
subject to error. For example, the implementation of stringent
hygienic measures may have prevented an epidemic strain
from spreading, with the result that it was classified as nonepi-
demic. Conversely, nonepidemic strains may become epidemic
under favorable conditions such as poor hygiene or the pres-
ence of patients with skin disorders. Another explanation is
that multiple loci on the chromosome may contribute to the
epidemic character, and the X region of the spa gene is
associated with only one of these loci.
The correlation between the number of repeats and the

epidemic phenotype may simply reflect an association of the
polymorphic spa region with other not yet identified loci
involved in epidemic spread. Alternatively, the correlation may
be based on a functional link between the number of repeats in
the X region and the ability of MRSA strains to disseminate.
There is evidence for a role of immunoglobulin G-binding
proteins in skin infections (6), and it is conceivable that a
longer X region allows a more-favorable exposition of the
Fc-binding regions at the cell surface, thereby facilitating
infection of the skin or other not yet identified sites important
for epidemic spread. These aspects are currently under inves-
tigation.
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