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SUMMARY

We report on the follow-up and epidemiological study triggered by the isolation of the first
vancomycin-resistant Staphylococcus aureus (VRSA) detected in Europe. The patient and 53 close
contacts were screened for S. aureus colonization and all isolates recovered were characterized by
multiple molecular typing methods. The VRSA remained confined to the infected foot of the
patient and was not detected in any of the close contacts. Nasal colonization with S. aureus was
detected in 20 subjects, of whom 15 carried methicilin-susceptible isolates with the remaining five
harbouring methicilin-resistant S. aureus (MRSA). The majority of the isolates belonged to
clones that have been previously shown to be prevalent in Portugal, both in the hospital setting
and in the community. Only one isolate, an MRSA, was closely related to the VRSA. Like most
of the characterized VRSA isolates from other countries, the VRSA isolated in Portugal
belonged to clonal complex (CC) 5. Despite the absence of VRSA dissemination, the recent
increase in the incidence of lineages belonging to CC5 in some European countries, including
Portugal, may result in more frequent opportunities for the emergence of VRSA.
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Vancomycin remains one of the first-line options for
the treatment of infections with methicillin-resistant
Staphylococcus aureus (MRSA), but concerns regard-
ing the possible spread of vancomycin-resistant strains
of S. aureus (VRSA) have increased since the identifi-
cation of the first VRSA isolate in 2002 [1]. This con-
cern is of particular relevance in countries with a high
prevalence of MRSA and vancomycin-resistant enter-
ococci (VRE), since the latter can act as donors of

genetic elements conferring vancomycin resistance to
the former.

In May 2013, a VRSA strain (vancomycin mini-
mum inhibitory concentration of 1024 μg/ml, deter-
mined by the broth microdilution method according
to the guidelines of the Clinical and Laboratory Stan-
dards Institute [2]), harbouring the vanA gene,
was isolated in a hospital in Lisbon, Portugal, along
with vanA-positive vancomycin-resistant Enterococcus
faecalis and Pseudomonas aeruginosa. These bac-
teria were recovered from pus of the toe amputation
wound of a female patient with diabetes mellitus,
chronic renal failure requiring haemodialysis, and per-
ipheral vascular disease [3]. At the time, the patient
was being treated with vancomycin and amikacin
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due to isolation of P. aeruginosa and vancomycin-
susceptible MRSA from previous cultures of the am-
putation site (March 2013). After the VRSA isolation,
antimicrobial therapy was changed and daptomycin,
rifampicin, and amikacin were administered for
6 weeks. The VRSA strain was no longer found
in the wound after 3 weeks, while VRE and
P. aeruginosa were still recovered. Four weeks after
the initial VRSA isolation, the patient underwent a
new amputation of the metatarsals due to evidence
of osteomyelitis. VRE was no longer recovered
from the infection site after 5 weeks of antimicrobial
therapy. Given the persistence of P. aeruginosa,
therapy was changed to piperacillin/tazobactam and
colistin. In August, the patient was clinically stable
and the cultures from the foot were negative. The
patient was therefore discharged from the hospital,
and antimicrobial therapy was stopped.

Following the identification of the VRSA strain,
infection control precautions were reinforced and
an epidemiological study was initiated, in order to
monitor the possible dissemination of the VRSA strain.
The patient was initially screened for colonization
by culturing swabs obtained from the nares, axillae,
perineum, and groin. Subsequently, she was screened

weekly for nasal colonization until discharge from the
hospital. Colonization of the patient with S. aureus
wasnot detected at any time.Nasal swabswere cultured
from a total of 53 close contacts of the patient, includ-
ing: two household members, 47 healthcare workers,
and four patients, whom were under haemodialysis
in the same room as the index patient. VRSA was
not identified in any of the screened individuals.
Methicillin-susceptible S. aureus (MSSA) was recov-
ered from 15 healthcare workers, and five MRSA iso-
lates were recovered from three healthcare workers,
one household contact, and one haemodialysis patient.

All MRSA and MSSA isolates recovered in this
study, as well as the VRSA, were characterized by
multilocus sequence typing (MLST), spa typing, and
pulsed-field gel electrophoresis (PFGE) profiling of
SmaI-digested DNA, as described previously [4]. The
structure of the SCCmec element of all MRSA isolates
(including the VRSA) was determined by multiplex
PCR [4]. Of the five MRSA isolates, two different
MLST sequence types (STs), three spa types and two
SCCmec types were identified, while MSSA isolates
presented 10 distinct STs (including three not pre-
viously described: ST2739, ST2740, and ST2742),
and 11 spa types (Fig. 1). Only one colonizing

Fig. 1. Origin and molecular properties of the 21 Staphylococcus aureus isolates studied. The dendrogram was constructed
based on the PFGE SmaI macrorestriction profiles of the isolates. The unweighted-pair group method using average
linkages and the Dice coefficient (percentages, indicated in the scale above the dendrogram) were used in constructing the
dendrogram. Clusters were defined as groups of isolates with a Dice coefficient of 580% (indicated by a dashed vertical
line).
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MRSA strain, recovered from a patient treated in the
same haemodialysis room as the index patient, pre-
sented the same ST, spa type, and SCCmec type as
the VRSA isolate. However, clustering of the isolates
based on a 580% similarity of the PFGE profiles,
which resulted in nine distinct clusters, placed the
two strains in different clusters (Fig. 1). The MRSA
isolate was grouped together with three MSSA isolates
into the cluster closest to the VRSA isolate, which was
not grouped with any other isolate.

In agreement with the results of the epidemiological
studies conducted following isolation of VRSA strains
in the USA [1, 5], transmission of the strain identified
in Portugal to the patient’s contacts at home, other
patients, and healthcare workers was not detected.
Moreover, colonization of the patient at sites other
than the infected wound was also not detected, in con-
trast to the situation observed in two of the US
patients [1].

The isolation of a vanA-positive strain of VRE from
the patient’s amputation wound [3] suggests that the
VRSA identified in Portugal probably resulted from
the transfer of the vanA-carrying genetic element into
a putative recipient MRSA strain, during co-infection
of the wound, in agreement with what has been pro-
posed for other VRSA isolates [6]. This recipient
MRSA may have been the one initially isolated
from the amputation wound, for which the patient
was receiving vancomycin treatment. However, this
was not possible to confirm, since the MRSA isolate
was no longer available for characterization.

Remarkably, all but one of the VRSA isolates
found in the USA belong to clonal complex (CC) 5,
which constitutes the most frequent lineage of hospital-
associated MRSA infections in the USA [6, 7]. The
VRSA isolated in Portugal is the first VRSA represent-
ing ST105. However, this is a single locus variant of
ST5, supporting the hypothesis that strains of CC5 are
more prone to acquire vanA-carrying genetic elements
from VRE [6]. The properties of the VRSA, and of the
MRSA colonizing another haemodialysis patient
(ST105-t002-SCCmecII), match those of the second
most frequent MRSA clone found in our hospital
during 2010 (NY/Japan-related clone) [4]. The other
MRSA isolates, which grouped into a different PFGE
cluster, presented characteristics (ST22-t910/2357-
SCCmecIV) consistent with the most frequent MRSA
clone circulating both in hospitals and in the com-
munity in Portugal, namely EMRSA-15 [8].

Unsurprisingly, MSSA isolates were more fre-
quently isolated from colonization and presented a

high genetic diversity. Most of the isolates belonged
to clones previously identified in Portugal, based on
the spa type and MLST information, although
some STs, spa types, and ST-spa combinations had
not been previously reported in MSSA isolates in
our country [9]. The three new STs identified in this
study are all single-locus variants of highly prevalent
STs in Portugal, namely ST5 and ST72.

The results of this study are consistent with the
hypothesis that VRSA emerge following sporadic
transfer of vanA from donor VRE into MRSA during
polymicrobial infections, mostly in patients with
underlying conditions and recent use of vancomycin
[5]. The acquisition of genetic elements harbouring
vanA by MRSA appears to be rare, with only a
limited number of VRSA infections described world-
wide [10, 11]. These VRSA strains seem to be at a dis-
advantage with respect to MRSA, since they rarely
colonize the patient they infect and are not known
to be transmitted to close contacts. The recent increase
of CC5-associated clones observed in Portugal
and other European countries [4] raises concerns
that VRSA may arise more frequently in Europe in
the near future, particularly in countries with a high
prevalence of MRSA and VRE, highlighting the im-
portance of continued surveillance and of establishing
effective infection control measures.
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