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Abstract Staphylococcus argenteus is a novel Staphylococcus
species closely related to Staphylococcus aureus that has been
recently described. In this study, we investigated the proportion
and the characteristics of S. argenteus recovered from humans
in Belgium. S. aureus. human isolates collected in Belgium
from 2006 to 2015 (n=1,903) were retrospectively
characterised via the presence of non-pigmented colonies on
chocolate agar, spa typing and rpoB sequencing to determine
if some of them were in fact S. argenteus. Out of 73 strains non-
pigmented on chocolate plates, 3 isolates (0.16 %) showed
rpoB sequences, in addition to spa and sequence types
(ST2250/t5787, ST2250/t6675, ST3240/t6675), related to S.
argenteus. Two of them were methicillin-resistant, harbouring
a SCCmec type IV. The three S. argenteus isolates carried genes
(sak, scn) of the immune evasion cluster. This first Belgian
nationwide analysis showed a low occurrence of S. argenteus.
Further studies should be conducted to identify the distribution
range and the clinical impact of this new species.
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Introduction

Staphylococcus argenteus is a novel Staphylococcus species
that has recently been described [1]. Staphylococcus
argenteus isolates have been ascribed to phylogenetically dis-
tinct Staphylococcus aureus lineages (clonal complex [CC]
75, CC2198, CC2483, CC1594) [2-5]. This species is
characterised by a lack of the genes that produce the caroten-
oid pigment staphyloxanthin [6] and therefore shows a non-
pigmented phenotype on chocolate agar plates [1, 6]. S.
argenteus displays a reduced virulence compared with S.
aureus [7], but isolates carrying Panton—Valentine leukocidin
(PVL) have been described [8, 9]. Although this new species
may be widely distributed, its geographical distribution range
remains unknown. Technical difficulties in performing
multilocus sequence typing (MLST) using conventional
primers on these isolates may contribute to underreporting
[3]. However, other phylogenetic analyses such as the 7poB,
gap, sodA, tuf and hsp60 sequence identification are able to
successfully identify S. argenteus [3]. In this work, we de-
scribed the first Belgian nationwide analysis on human S.
argenteus occurrence.

Materials and methods
Strain collection

Two collections of S. aureus strains (n=1,903) were retro-
spectively analysed for the presence of S. argenteus. Most
isolates (n=1,650) were sent by Belgian microbiology labo-
ratories from 2012 to 2015 to the National Reference
Centre—Staphylococcus aureus (NRC), Brussels. Belgian
microbiology laboratories were invited to refer S. aureus iso-
lates to the NRC in the following cases:
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1. Diagnostic problems including identification and suscep-
tibility testing

2. Exotoxin gene detection

3. Outbreak investigation

The remaining isolates (n=253) corresponded to nasopha-
ryngeal samples recovered from healthy children attend-
ing kindergartens from Brussels between 2006 and 2008
[10].

Identification and molecular typing

All isolates were analysed by 16S/mecA/nuc, 16S/mecC PCR
and spa typing, as previously described [10, 11]. The spa
types were determined with Ridom StaphType software
(www.ridom.de/staphtype) and analysed by the based upon
repeat pattern (BURP) algorithm using default parameters
(types shorter than five repeats were excluded, and spa types
were grouped into the same group if cost was less or equal to
four) and non-restrictive conditions (types shorter than five
repeats were included, and spa types were grouped into the
same group if cost was less or equal to six). All isolates were
inoculated onto Chocolate agar PolyViteX (bioM¢rieux,
France) for 48 h at 35 °C. Isolates with non-pigmented
(white) phenotype on chocolate agar plates were considered
to be possible S. argenteus [6] and were further analysed for
the presence of the dehydrosqualene synthase gene crtM in-
volved in staphyloxanthin production (Table S1) and subject-
ed to rpoB typing using primers and conditions previously
described [12]. rpoB sequences were analysed with the
Bionumerics 6.5 software (Applied Mathematics, Belgium).
A similarity dendrogram was constructed using the multiple
sequence alignment and the unweighted pair group method
with arithmetic averages (UPGMA). rpoB sequences from S.
argenteus, S. aureus and other staphylococci (http://www.
ncbi.nlm.nih.gov/) were used as controls. MLST of S.
argenteus isolates was performed, as previously described
[13].

Antimicrobial resistance

Antimicrobial susceptibility of S. argenteus isolates was de-
termined using the disk diffusion method and interpreted ac-
cording to CLSI breakpoints for S. aureus [14] for the follow-
ing antibiotics: penicillin, oxacillin, cefoxitin, gentamicin,
kanamycin, tobramycin, fusidic acid, trimethoprim/sulfameth-
oxazole, ciprofloxacin, minocycline, tetracycline, rifampicin,
erythromycin, clindamycin, mupirocin, chloramphenicol and
linezolid. Vancomycin susceptibility was determined
using the E-test (bioMérieux) and interpreted according
to CLSI [14].
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S. argenteus isolates were tested for the presence of genes
encoding 3-lactamase (blaZ), PVL, toxic shock syndrome
toxin 1 (TSST-1), exfoliatins (efa, eth), staphylokinase (sak),
staphylococcal complement inhibitor (scn), chemotaxis inhib-
itory protein (chp) and enterotoxins (sea to see, seg to selu;
Table S1). Staphylococcal chromosomal cassette mec
(SCCmec) typing was determined for methicillin-resistant S.
argenteus (MRSArg) isolates (Table S1).

Results

All 1,903 isolates collected at the NCR were positive for nuc
and /6S genes, 48.0 % (n=913) were mecA-positive and
0.3 % (n=6) were mecC-positive. The 1,903 isolates
belonged to 445 different spa types. The BURP analysis using
default parameters (Table 1) grouped the 1,903 isolates into 20
groups, whereas 124 isolates were excluded or designated as
singletons. Most groups could be related to typical S. aureus
lineages (Table 1). The BURP analysis using relaxed grouping
parameters (Table 1) allowed the isolates to be clustered into
three groups, including a cluster grouping of spa types related
to S. argenteus CC2483 (n=3).

Most isolates coloured grey to yellow on chocolate agar
plates (n=1,830), and only 73 (3.8 %) isolates were non-
pigmented. Twenty-nine out of the 73 non-pigmented isolates
(28.8 %) carried crtM (Fig. 1). Non-pigmented isolates were
subjected to rpoB typing. Three crtM-negative isolates with
spa types t5787 or t6675 that grouped in the spa-CC related to
S. argenteus CC2483 showed rpoB sequences that grouped at
99.5 % similarity with sequences of S. argenteus control
strains. The remaining non-pigmented isolates (n =70) carried
diverse spa types (n=26), and their 7poB sequences grouped
at 99.2 % similarity with sequences of S. aureus control iso-
lates. The clusters grouping S. argenteus and S. aureus rpoB
sequences were associated at 93.2 % similarity. Other staphy-
lococci rpoB sequences used as controls showed less similar-
ity than S. argenteus and S. aureus sequences (<90.9 %).

Overall, only three isolates (0.16 %) corresponded to S.
argenteus isolates by rpoB typing. The three isolates were
collected from two hospitals and one kindergarten located in
different Belgian cities (Table 2). The three S. argenteus iso-
lates belonged to CC2883 (two isolates were ST2250, and the
third was ST3240). All isolates showed resistance to penicillin
and carried the blaZ gene. The two hospital-associated isolates
were MRSArg-SCCmec V. The three isolates were fully sus-
ceptible to the remaining antimicrobials tested. Regarding vir-
ulence factors, one isolate carried enterotoxin-like genes (selk,
selq), and all carried the immune evasion cluster (IEC) sak and
scn genes.
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4 Fig. 1 Unweighted pair group method with arithmetic averages
(UPGMA) tree based on partial RNA polymerase B (rpoB) gene se-
quences showing the phylogenetic relationship among different species
and subspecies of the genus Staphylococcus (n=59) and National
Reference Centre—Staphylococcus aureus (NRC) and healthy children
(HC) collection isolates, which showed a non-pigmented phenotype on
agar chocolate plates (n=73). The partial rpoB gene sequences
corresponded to a 485-bp fragment between nucleotides 1444 and
1928, as previously described [12]. The scale indicates the similarity on
the basis of the multiple sequence alignment. S. argenteus control isolates
were sequenced by Tong et al. [1], whereas the remaining control isolates
corresponded to sequences of strains deposited from diverse culture col-
lections. spa types, and the presence (+) or absence (—) of the mecA and
crtM genes, are indicated at the right of the NRC and HC collection
isolates. The asterisk indicates that the strain NCR-2013S018 carried
the mecC gene. ATCC American Type Culture Collection, Manassas,
USA; DSM Deutsche Sammlung von Mikroorganismen und
Zellkulturen, Braunschweig, Germany; FRI Food Research Institute,
University of Wisconsin, Madison, USA; CCM Ceska Sbirka
Mikroorganismtl, Brno, Czech Republic

Discussion

In this study, 0.16 % of the Belgian human S. aureus iso-
lates investigated were identified as S. argenteus. This low
occurrence should be considered carefully as two different
populations (clinical samples and healthy carriers) were
analysed. In this sense, only 0.12 % of the human clinical
isolates investigated corresponded to S. argenteus. In
Australia, S. argenteus has been reported to be the predom-
inant community-acquired methicillin-resistant lineage in
Aboriginal communities, with a prevalence of 71 % [2].
However, recent studies have reported S. argenteus at a
low occurrence in hospital settings from Australia [8],
Fiji [15], Thailand [5, 16] and Trinidad and Tobago [13].
S. argenteus carriage has also been reported in Cambodia
[17] and French Guyana [4]. In Europe, S. argenteus stud-
ies are scarce, and this species has only been reported in
two patients in France, who had an epidemiological link
with Mayotte (Indian Ocean) [9]. In our study, one out of
the three S. argenteus isolates had an epidemiological link

Table 2 Characteristics of S. argenteus strains from Belgium, 2012-2015

with the Philippines (Table 2). The three Belgian isolates
were related to carriage state (n=2) or to soft-tissue infec-
tions (n=1), like most S. argenteus isolates described so
far [4, 15]. However, some S. argenteus isolates have been
related to invasive infections [5, 16].

The screening of non-pigmented isolates on chocolate agar
plates appeared to be a useful tool for the identification of S.
argenteus isolates [6]. However, some S. aureus isolates were
also non-pigmented. S. aureus defective in earlier enzymes of
the staphyloxanthin pathway or with mutations in genes in-
volved in regulation can show differences in the pigment pro-
duction [18]. Therefore, the chocolate agar screening should
be confirmed by other genetic analyses to accurately identify
S. argenteus.

The three S. argenteus isolates described in this study car-
ried spa types (5078, t6675) that have previously been related
to CC2483 (http://saureus.mlst.net). The spa types t127, t376
and t1635 have been associated with S. argenteus CC1594 in
the literature [4]. In this study, we found some non-pigmented
t127 isolates (n=4), but they carried crtM, and were ascribed
to S. aureus by using rpoB typing. Thus, spa typing does not
seem to be a discriminatory typing technique for S. argenteus
isolates. Moreover, non-typeable types have been reported in
few S. argenteus isolates (http://saureus.mlst.net). Further
revision of the spa typing scheme is needed to improve this
technique for S. argenteus isolates.

In this study, the two CC2483 MRSArg isolates carried
SCCmec type 1V, which has previously been related to S.
argenteus isolates of the CC75 [2]. The S. argenteus isolates
described in this study carried IEC genes and/or enterotoxin-
like genes (selk, selg), which have been related to hlb-
converting prophages in S. aureus. These results, together
with the recent characterisation of PVL-positive strains [8, 9,
16], underline the capacity of this new bacterium to acquire
typical S. aureus virulence factors.

As far as we know, our study represents the first large study
of'this new species in a European country. Although its occur-
rence in Belgium seems low, it is notable that the first isolate

Strain * Source, Carrier/patient ~ City, centre Antimicrobial resistance Virulence genes spa type ST
isolation year age (years/sex) phenotype/genotype®
HC-293 Screening, 2007  5/unknown Brussels, kindergarten PEN/blaZ sak, scn t5787 2250
NRC-2012S149  Screening, 2012 67/male Ghent, hospital FOX-OXA-PEN/blaZ, sak, scn, t6675 2250
mecA (SCCmec 1V [2B])
NRC-2014S151 Wound, 2014 83/male Bonheiden, hospital FOX-OXA-PEN/blaZ, sak, scn, selk, selqg 16675 3240°

mecA (SCCmec IV [2B])

FOX cefoxitin, HC healthy carrier, NRC National Reference Centre—Staphylococcus aureus, OXA oxacillin, PEN penicillin, ST sequence type

#The strain recovered in 2012 belonged to a patient with a wound associated with adenopathy, who had travelled to the Philippines before being

hospitalised. No more information about the remaining isolates was available

° The type of SCCmec was determined by the combination of cer complex type and mec complex class

¢ The ST3240 corresponded to a new single locus variant of ST2250
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was recovered in 2007. Further studies are needed to deter-
mine the geographical distribution of this new species.
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