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Abstract The aim of this study was to characterise
invasive methicillin-susceptible Staphylococcus aureus
(MSSA) and methicillin-resistant S. aureus (MRSA) strains
from Italy and to investigate the presence of heteroresistant
vancomycin-intermediate S. aureus (h-VISA). Eighty-two
MSSA and 66 MRSA strains obtained from 19 laboratories
were submitted to in vitro susceptibility testing; MRSA
strains were also analysed by the macro Etest (MET) and
vancomycin population analysis profiles (PAP) to detect the
presence of h-VISA. Genotyping included the detection of
agr locus, SCCmec typing, spa typing and multilocus
sequence typing (MLST). By Etest, 66% of all isolates
showed a minimum inhibitory concentration (MIC)
≥1.5 μg/ml and two MRSA strains were categorised as
VISA (MIC = 3 μg/ml). Twelve MRSA strains were
positive by MET; of these, 9 (14% of all MRSA) were
confirmed as h-VISA by PAP. MRSA strains were assigned
to 14 spa types, with t001, t008 and t041 including 77% of
the isolates. The most common spa type, t041, character-

ised as ST228/273-MRSA-I (CC5) and comprising 24
isolates, included one VISA and eight h-VISA. This is the
first description of a close association between h-VISA and
t041, a spa type common in Italy and in other European
countries, that highlights the importance of molecular
typing to identify clones of special clinical relevance.

Introduction

Staphylococcus aureus is responsible for a wide range of
diseases, such as bacteraemia, pneumonia, endocarditis,
osteomyelitis, septic arthritis and skin and soft tissue
infections. An important distinctive feature of S. aureus
strains is the susceptibility to methicillin; hence, strains are
categorised as methicillin-susceptible S. aureus (MSSA) or
methicillin-resistant S. aureus (MRSA). Methicillin resis-
tance, that is due to the production of an additional
penicillin-binding protein (PBP2a), is encoded by the mecA
gene, embedded in a 30–60-kb element, named the
staphylococcal cassette chromosome mec (SCCmec) [1].
SCCmec is considered to be an antibiotic-resistant island, as
it can integrate other mobile elements and resistance genes.
Therefore, most MRSA strains are multidrug-resistant,
being commonly resistant to macrolides, aminoglycosides
and fluoroquinolones [2]. According to data from the
European Antibiotic Resistance Surveillance System
(EARSS), in Italian hospitals, MRSA strains account for
34% of the invasive S. aureus isolates [3].

Recently, intermediate or full resistance to glycopeptides
has emerged among MRSA [4]. The definitions used are
VISA and VRSA for vancomycin-intermediate and
vancomycin-resistant S. aureus, respectively. Two distinc-
tive mechanisms account for the different levels of
vancomycin resistance in VISA and VRSA. Full resistance

Members of the EARSS-Italy S. aureus typing Group are listed in the
Acknowledgements section.

M. Monaco :A. Sanchini :A. Pantosti (*)
Department of Infectious, Parasitic and Immune-Mediated
Diseases, Istituto Superiore di Sanità,
Viale Regina Elena 299,
00161 Rome, Italy
e-mail: annalisa.pantosti@iss.it

H. Grundmann
National Institute for Public Health and the Environment,
Antonie van Leeuwenhooklaan,
93721 MA, Bilthoven, The Netherlands

H. Grundmann
Department of Medical Microbiology, University Medical Centre,
Hanzeplein 1,
9713 GZ, Groningen, The Netherlands

Eur J Clin Microbiol Infect Dis (2010) 29:771–777
DOI 10.1007/s10096-010-0922-2



to vancomycin in VRSA is due to the acquisition of the
vanA operon from vancomycin-resistant enterococci [2, 5].
To date, 11 strains of VRSA have been described, nine
isolated in the USA, one in India and one in Iran [6]. In
VISA, intermediate resistance has been associated with
increased thickness of the bacterial wall, but no distinctive
genetic trait has been linked to this characteristic. In
addition, there are isolates defined as hetero-VISA (h-
VISA) that show a vancomycin minimum inhibitory
concentration (MIC) in the susceptibility range, but contain
subpopulations of microorganisms for which the vancomy-
cin MIC corresponds to the intermediate category. It is
assumed that h-VISA that are submitted to long-lasting
glycopeptide exposure can be the precursors of VISA [7].

Besides VISA and h-VISA, there are strains that show
decreased susceptibility to vancomycin, being inhibited by
high concentrations of vancomycin, close to the breakpoint,
but still in the susceptibility range [8].

In recent years, an increasing number of reports have
described vancomycin treatment failure in serious infections
caused by VISA, h-VISA or strains with decreased vancomy-
cin susceptibility [7, 9, 10]. As a consequence, the Clinical
and Laboratory Standards Institute (CLSI) in 2006 lowered
the breakpoints for vancomycin to ≤2 μg/ml for susceptibil-
ity and to ≥16 μg/ml for resistance. Therefore, isolates
showing MIC >2 and <16 μg/ml were defined as interme-
diate [11]. The European Committee on Antimicrobial
Susceptibility Testing (EUCAST), which, in the last several
years, harmonised European MIC breakpoints, in December
2009 published the new glycopeptide breakpoints (http://
www.eucast.org) according to which S. aureus strains with
vancomycin MIC >2 μg/ml are to be considered resistant.

Although the issue is very relevant, the burden of VISA
and h-VISA and the problem of decreased vancomycin
susceptibility in Italy is still largely unknown. Up to now,
only two studies have reported on the presence of h-VISA
among strains isolated in Italian hospitals [12, 13]. The aim
of this study was to characterise a collection of invasive S.
aureus strains by phenotypic and genotypic methods and to
investigate the presence of VISA and h-VISA isolates using
different methods to better clarify S. aureus molecular
epidemiology in Italy.

Materials and methods

Source of isolates

In the period from 1 September 2006 to 28 February 2007,
148 unduplicated S. aureus strains (143 from blood, four
from cerebrospinal fluid and one from pleural fluid) were
collected from 19 hospital laboratories distributed all over
the country. Seventy-two (49%) cases were classified as

hospital-acquired infection according to the criteria recom-
mended by the Centers for Disease Control and Prevention
(CDC, USA) [14], since the illness occurred >48 h after
admission; 55 (37%) cases were classified as community-
onset infection, since the illness was present at admission or
occurred within 48 h from admission. In 21 (14%) cases,
the epidemiology was unknown. The isolates were identi-
fied according to conventional methods by the hospital
laboratories.

Antimicrobial susceptibility testing

In vitro susceptibility tests were assayed by automated
systems or by the disk diffusion method. The majority of
the laboratories used Vitek2 (bioMérieux, Marcy-l’Etoile,
France), while others used Phoenix (Becton Dickinson
Diagnostic Systems, Sparks, MD, USA) or MicroScan
(Dade Behring Inc., West Sacramento, CA, USA). A few
laboratories performed disk diffusion testing according to
CLSI guidelines [15]. The Etest (bioMérieux) was used to
determine vancomycin and teicoplanin MIC values; inter-
pretative criteria were those suggested by the CLSI [15].

The screening for h-VISA was performed by the macro
Etest (MET), according to the procedures recommended
by the manufacturer (bioMérieux); that is, higher inocu-
lum of bacteria and prolonged incubation time. Population
analysis profiles (PAP) to confirm h-VISA was performed
on all MET-positive isolates according to the method of
Hiramatsu et al. [16], using Mu3 as a control strain.

Detection of nuc, mec, Panton–Valentine leukocidin (PVL)
genes and agr locus

Genomic DNA of S. aureus isolates was extracted by the
QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany) and
used as a template for polymerase chain reaction (PCR)
amplification. S. aureus species and methicillin resistance
status were confirmed by a duplex PCR using the two
primers pairs suggested by Costa et al. [17]. The detection
of PVL genes was performed as previously described [18].
The agr locus of MRSA isolates was determined by using a
multiplex PCR [19].

Staphylococcal cassette chromosome mec (SCCmec)

The structure of the four major SCCmec elements (type I,
II, III and IV) was determined by a multiplex PCR
according to the protocol of Oliveira and De Lencastre
[20]. To confirm atypical profiles or to detect SCCmec type
V, the protocol described by Zhang et al. was applied [21].
In selected cases, when typing was not possible by the
previous techniques, the method described by Oliveira et al.
was used for discrimination of the ccrAB genes [22].
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S. aureus protein A gene (spa) typing and multilocus
sequence typing (MLST)

Amplification of the polymorphic region of the protein A
gene (spa typing) was performed by applying the standard
protocol of Harmsen et al. [23]. DNA sequence analysis
was performed using the Internet-based software program
Ridom StaphType (available at the website http://www.
ridom.de/spaserver). MLST was performed on selected
strains as described elsewhere [24]. The allelic profiles
obtained were compared to those present in the MLST
database (http://saureus.mlst.net).

Results

Antimicrobial susceptibility of MSSA and MRSA

Out of 148 S. aureus strains examined, 82 were identified
as MSSA and 66 as MRSA by phenotypic and molecular
methods. Only a few MSSA strains were resistant to
rifampicin (2%), ciprofloxacin (4%), erythromycin (6%),
clindamycin (4%), tetracycline (5%) and gentamicin (1%);
none were resistant to trimethoprim-sulfamethoxazole.
Among MRSA, resistance was more frequent; strains were
resistant to ciprofloxacin (95%), erythromycin (77%),
gentamicin (71%), clindamycin (70%), rifampicin (18%),
tetracycline (3%) and trimethoprim-sulfamethoxazole (1%).
Both MSSA and MRSA were susceptible to linezolid. By
automated systems and the disk diffusion test, the majority
of the isolates (>80%) showed vancomycin and teicoplanin
MICs ≤1 μg/ml. By Etest, susceptibility to teicoplanin was
confirmed in both MSSA and MRSA. High vancomycin
MICs were observed for both MSSA and MRSA: 46 (56%)
MSSA and 51 (77%) MRSA showed vancomycin MICs
≥1.5 μg/ml. According to the CLSI guidelines, full
vancomycin susceptibility was confirmed in MSSA, while
two MRSA strains showed intermediate susceptibility to
vancomycin with MIC = 3 μg/ml and were defined as
VISA. The glycopeptides susceptibilities for MSSA and
MRSA are shown in Table 1.

Identification of h-VISA

When the MET for the screening of h-VISA was applied to
the isolates, no MSSA showed growth of heteroresistant
subpopulation inside the Etest ellipse. Conversely, out of 66
MRSA, 14 isolates were positive by MET. These included
the two strains that were defined VISA and 12 other
isolates that showed MICs in the range 1.5–2 μg/ml by
Etest. The latter 12 isolates were considered to be h-VISA
and were submitted to PAP. Nine out of 12 (75%) were
confirmed as h-VISA by this test also. The confirmed h-
VISA contained subpopulations growing in the presence of
4 μg/ml of vancomycin at a frequency ranging from 10−5 to
10−6 (Fig. 1, Table 2). The other three strains tested showed
frequencies of heteroresistant subpopulations below the
threshold for PAP positivity.

PVL toxin genes

The presence of genes encoding PVL was investigated in
the MRSA isolates. Only one isolate was PVL-positive; the
characteristics of this isolate, a typical community-acquired
(CA)-MRSA, have been previously published [25].

SCCmec typing

Out of 66 MRSA, 36 contained SCCmec type I and one
type IA, 10 and 14 isolates contained type IV and type IVA,
respectively; three strains contained SCCmec type II, one
strain harboured a variant of type III and one strain could
not be assigned to a specific type.

spa typing of MRSA

Sixty-six MRSA were assigned to 14 different spa types,
comprising two new spa types. Seventy-seven percent of
the isolates were assigned to three spa types; precisely, 24
strains were assigned to t041, 18 strains to t008 and nine
strains to t001. Two spa types (t242 and t515) comprised
three isolates each and the other nine spa types included
single isolates.

Table 1 Antimicrobial susceptibility to glycopeptides of methicillin-susceptible Staphylococcus aureus (MSSA) and methicillin-resistant S.
aureus (MRSA) by Etest

Strains (no.) Vancomycin Teicoplanin

MIC50/MIC90 (µg/ml) MIC range (µg/ml) %R %I MIC50/MIC90 (µg/ml) MIC range (µg/ml) %R %I

MSSA (82) 1.5/1.5 0.5–2 0 0 1/1.5 0.25–2 0 0

MRSA (66) 1.5/2 0.75–3 0 3a 1.5/3 0.38–4 0 0

a Two isolates with MIC = 3 μg/ml
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Characteristics of the principal MRSA spa types

The characteristics of the isolates belonging to the three
most frequent spa types are summarised in Table 3. The
isolates with spa type 041 harboured SCCmec I and agr
group II; SCCmec and the agr group could not be assigned
in one isolate each. Out of the t041 isolates, 1 (4%) was
VISA, 11 were positive by MET and 8 (33%) were
confirmed as h-VISA by PAP. One VISA and one h-VISA
were submitted to MLST and were found to belong to
sequence type (ST) 273 and ST228, respectively, both a
part of clonal complex (CC) 5. All t001 strains harboured
SCCmec type I and belonged to agr group II; no VISA

strains were detected but 1 h-VISA, assigned to ST228 by
MLST, was found and confirmed by PAP. All of the isolates
assigned to spa type t008 contained SCCmec type IV or
IVA and belonged to agr group I; for one strain, the agr
group was not detectable. No VISA or h-VISA were found
among t008 isolates. Three isolates were submitted to
MLST and were found to belong to ST8 (CC8).

Only a minority of the infections due to t041 or to
t001 were considered to be of community onset (14 and
13%, respectively), while 53% of infections due to t008
were actually community-onset. The difference between
t008 and t041 was statistically significant (Fisher’s exact
test, p=0.014).

The second VISA strain found in this study was assigned
to spa type 2250, and was characterised as SCCmec type I,
agr I and ST247 (CC8).

Discussion

In this study, 82 MSSA and 66 MRSA from 19 Italian
hospitals were examined for their antibiotic susceptibility
and MRSA strains were typed using several molecular
methods. By the automated susceptibility testing systems
and the disk diffusion test, all of the strains were
susceptible to vancomycin, with 80% showing MIC
≤1 μg/ml. By Etest, we observed that the majority (66%)
of the isolates, including MSSA and MRSA, showed
vancomycin MICs ≥1.5 μg/ml. Vancomycin MICs obtained
by Etest were one or two dilutions higher if compared to
those obtained by the automated systems, as already
observed by other investigators. In this respect, according

Fig. 1 Population analysis profiles (PAP) of methicillin-resistant
Staphylococcus aureus (MRSA) strains that were positive by the
macro Etest (MET). Isolates Sa400, Sa300, Sa061 and Sa616 were
confirmed to be heteroresistant vancomycin-intermediate S. aureus (h-
VISA); strains Sa847 and Sa393 did not show heteroresistant
subpopulations. Controls included strain Mu3 (h-VISA) and
ATCC29213 (susceptible isolate)

Table 2 Phenotypic and genotypic characteristics of the macro Etest (MET)-positive isolates submitted to population analysis profiles (PAP)

Strain spa type ST CC agr Vancomycin MIC (µg/ml)
by Etest

Frequency of subpopulations
at vancomycin 4μg/ml

Phenotype
by PAP

Sa591 t001 228 5 2 2 1.7×10−6 h-VISA

Sa300 t041 - - 2 1.5 1.3×10−6 h-VISA

Sa400 t041 228 5 2 1.5 2.5×10−5 h-VISA

Sa691 t041 - - 2 1.5 2.0×10−6 h-VISA

Sa607 t041 - - 2 2 3.7×10−6 h-VISA

Sa007 t041 - - 2 1.5 5.0×10−6 h-VISA

Sa616 t041 - - 2 1.5 3.0×10−6 h-VISA

Sa609 t041 - - 2 2 1.0×10−6 h-VISA

Sa061 t041 - - 2 1.5 1.1×10−6 h-VISA

Sa847 t041 - - 2 2 8.7×10−7 -

Sa300 t041 - - 2 2 6.2×10−7 -

Sa393 t041 - - 2 2 5.5×10−7 -

Mu3a t002 5 5 2 2 6.8×10−4 h-VISA

a h-VISA control strain
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to Hsu et al., Etest MIC results are more predictive of
vancomycin treatment response than MICs extrapolated
from the Vitek system [26].

The two VISA strains showed a susceptible phenotype
(MIC = 2 μg/ml) for vancomycin by the automated
systems, while by Etest, they showed a low-level interme-
diate susceptibility (MIC = 3 μg/ml). For these two isolates,
teicoplanin MIC is in the susceptible range by Etest also
(MIC = 4 μg/ml), indicating that the isolates are, indeed,
borderline VISA. It should be noted that, since the new
breakpoints suggested by the EUCAST indicate that all
isolates with vancomycin MIC >2 μg/ml should be
considered resistant, the two VISA could be categorised
as vancomycin-resistant isolates.

The finding of high vancomycin MIC in our isolates is in
line with the observation of the slow and continuous
increase of vancomycin MICs in MRSA [27, 28]. In Italy,
in a multicentre study carried out in 19 hospitals,
Campanile et al. showed that the rate of MRSA with
vancomycin MIC >1 μg/ml increased from 47 to 78% in
the last decade [29]. In turn, reduced susceptibility to
vancomycin is often associated with the emergence of
strains containing vancomycin heteroresistant subpopula-
tions [30]. In different countries, the prevalence of h-VISA,
confirmed by the PAP method, ranged from 2 to 20% [31,
32]. In Italy, in 1997–1998, Marchese et al. found a
percentage of h-VISA of 1.1% [13]. After less than a
decade, we found a percentage of h-VISA of 14%.

In our experience, only 75% of the MET-positive strains
were confirmed by PAP. Although generally a good
agreement is found [33], this partial discrepancy has also
been observed in other studies [34]. The cause of this
discrepancy might be due to characteristics of the strains,
instability of the vancomycin-intermediate phenotype or
“borderline” phenotype, with heteroresistance frequency
just below the threshold for PAP positivity. As already
pointed out by Kosowska-Shick et al. [34], the biological
and clinical significance of isolates that are positive by
MET but cannot be considered as h-VISA by PAP is
unknown. The PAP method, although labour-intensive and

not easily applicable by routine laboratories, is still
considered to be the reference method to detect h-VISA
[9, 35].

We found that one of the two VISA strains, the majority
of h-VISA by MET (11 out of 12) and of the confirmed h-
VISA by PAP (8 out of 9) were assigned to a single spa
type, t041, characterised by ST228/273-MRSA-I, and
belonging to CC5. t041 is the most common MRSA spa
type in the Italian hospitals, being isolated by 13 of 19
(68%) laboratories. According to a multicentre study,
ST228 (predicted to be t041) accounted for almost 60%
of hospital MRSA strains in Italy in the period 2000–2007
[29]. In a large European study, t041 is defined as the
Northern Balkan/Adriatic cluster, since it was found in
Northern and Central Italy and in other countries such as
Austria, Hungary, Slovenia and Croatia [36]. All t041
isolates are characterised by the agr group II polymorphism
and SCCmec type I. There is evidence that agr group II
plays a role in the decreased ability of vancomycin to
effectively kill S. aureus and is commonly found in VISA
strains [37]. On the other hand, most VISA and VRSA
described so far belong to CC5 [2, 38] and this CC is
associated with agr group II polymorphism. Therefore, we
might speculate that agr group II is an alternative marker
for a genetic background (CC5) that is more conducible to
the development of resistance or reduced susceptibility to
vancomycin than other lineages.

No isolates showed an intermediate or heterogeneous
resistance to vancomycin in spa type t008 (ST8-MRSA-IV,
CC8). Except for one strain that was classified as PVL-
positive CA-MRSA [24], the other strains assigned to t008
differ from the well-known prototype CA-MRSA USA300
for the lack of the PVL genes and for being multidrug-
resistant. spa type t008 resembles the “Lyon clone”, a well-
adapted hospital clone recently emerging in France and in
other European countries [39].

The third predominant spa type was represented by t001.
Strains assigned to t001 harbour SCCmec type I, agr group
II and shares ST228 and CC5 with t041. These features
could explain the presence of one h-VISA inside this spa

Table 3 Phenotypic and genotypic characterisation of the principal spa types among MRSA

spa type No. of
isolates

No. PVL-
positive

SCCmec
type

Locus agr MLST (CC) Antibiotic resistance profile
(% resistance to)

No. of
VISA

No. of h-VISA
by PAP

Rifa Cip Ery Cli Gen

t001 9 0 I II 228 (5) 11 89 89 89 89 0 1

t008 18 1 IV, IVA Ib 8 (8) 0 94 55 44 44 0 0

t041 24 0 Ib IIb 228, 273 (5) 17 100 100 96 100 1 8

a Rif: rifampicin; Cip: ciprofloxacin; Ery: erythromycin; Cli: clindamycin; Gen: gentamicin
b For one isolate, the characteristic was not determined (see text)
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type. The second VISA strain identified in this study, and
characterised by t2250, was found to belong to the Iberian
clone (ST247) that was common in Italian hospitals in the
1990s [29].

In conclusion, this study demonstrated the presence of a
predominant spa type circulating in Italian hospitals
identified as t041, which showed characteristics of
reduced susceptibility to vancomycin, and included strains
which were VISA and h-VISA in high percentages. The
use of spa type has allowed the identification of this group
of isolates rapidly and with limited economic resources.
High inter-laboratory reproducibility of this sequence-
based method has been demonstrated [40]. Therefore, spa
typing of S. aureus can contribute to detecting clones
which can pose patients to be at particular risk, such as
possible treatment failure with vancomycin and, therefore,
it represents an important tool for the control of MRSA in
hospitals.
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