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concentrations of vancomycin (abscissa). The plates were incubated
at 37 !C for 48 h. Then the number of grown colonies were counted
and plotted on the semi-logarithmic graph. Note that the precursor
strain Mu3 with MIC 2 mg/L is distinct from VSSA strain DIP (MIC
1 mg/L). Whereas the growth of DIP is completely depressed by
2 mg/L of vancomycin, the minor proportions of cells of Mu3 grew

up to 12 mg/L of vancomycin though the 99.999% of the entire cell
population is depressed with 3 mg/L of vancomycin. This clearly
showed that Mu3 is composed of heterogeneous cell sub-
populations with different levels of vancomycin resistance. Within
the subpopulations grown on the agar plates containing 4 mg/L or
greater concentrations of vancomycin, we identified VISA

Fig. 4. Population analysis of VSSA, hVISA, VISA and sVISA. The population analysis (PA) was performed with BHI agar plates containing varied concentrations of vancomycin [72]
The grown colonies were counted and plotted on the graph after 48 h, (which is the regular practice in PA method), and 144 h of incubation at 37 !C. It is noticed that hVISA strain
Mu3 (red lines) generates new colonies on the vancomycin agar plates after 72 h incubation up to 144 h, which was in contrast to the case for VSSA strain N315DIP (DIP) (dark green
line). These late-appearaing colonies of Mu3 contained sVISA strains. Mu3-6R-P (orange lines) was one of them. Its PA curve is drastically changed when analyzed at 48 h and 144 h.
In contrast, the two PA curves of extant VISA strain Mu50 (light blue lines) were not that different each other. Symbols: cross, number of colonies determined after 48 h incubation;
circle, that determined after 144 h incubation. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Comparison of phylogenetic time trees of staphylococci and mammalians. Each cluster was compressed as a colored triangle, whose thickness is proportional to the number
of species. Tree topology was constructed by maximum likelihood method using RAxML. Time estimation was performed by bayesian inference using MCMCTREE program included
in PAML 4.7 package. Amino acid sequences of 31 staphylococcal core genes were used for the construction of staphylococcal tree. Mammalian time tree was originated from a
report by Meredith RW et al. [62].
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Nasal Carriage of Methicillin-Resistant and Methicillin-Sensitive
Strains of Staphylococcus sciuri in the Indonesian Population!
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Staphylococcus sciuri strains were unexpectedly cultured from healthy persons and patients from Indonesia
during a population-based survey on nasal Staphylococcus aureus carriage. Fifty-one S. sciuri isolates were
further characterized. The S. aureus mecA gene was detected by PCR in 22 isolates (43.1%), whereas S. sciuri
mecA was found in 33 isolates (64.7%). The staphylococcal cassette chromosome mec (SCCmec) regions of S.
aureus mecA-positive isolates contained elements of classical S. aureus SCCmec types II and/or III.

Staphylococcus sciuri is an oxidase-positive, novobiocin-re-
sistant Staphylococcus species that is associated mainly with
animals (1, 5, 24, 26). Infection and colonization of humans
with S. sciuri have been described as rare phenomena (2, 3, 9,
11, 28, 29, 32, 33, 36).

The bacterium has recently gained interest after it was dis-
covered that S. sciuri strains ubiquitously carry a genetic ele-
ment (S. sciuri mecA) that is closely related to the mecA gene
found in methicillin-resistant Staphylococcus aureus (MRSA)
strains (8, 35). This finding led to the proposal that S. sciuri
mecA might be the evolutionary origin of the mecA element
carried by MRSA. In S. sciuri, however, the mecA gene exists
as a silent gene of unknown function, since it does not confer
resistance to methicillin. Some S. sciuri strains also carry a
second copy of the gene, identical to S. aureus mecA. Only
isolates with both mecA genes are phenotypically methicillin
resistant (9).

During a population-based survey on nasal S. aureus car-
riage among 3,995 individuals on the island of Java, Indonesia,
we unexpectedly cultured S. sciuri from both healthy persons
and patients (17, 18). In this work, we characterized these
isolates, with a focus on their susceptibility to methicillin.

The survey was carried out by culturing nasal swabs on
phenol red mannitol agar (PHMA; Becton Dickinson, Hei-
delberg, Germany), on which S. aureus produces yellow col-

onies due to its ability to ferment mannitol. Mannitol-fer-
menting bacteria were identified to the species level with the
Slidex Staph Plus agglutination test (SSP) (bioMérieux,
Marcy l’Etoile, France) and the Vitek 2 system (bioMérieux).
During the first phase of the study, both SSP-negative and
-positive isolates were identified to the species level using the
Vitek 2 system. Later, this was performed only with SSP-pos-
itive isolates. Additional phenotypic tests for the identification
of S. sciuri isolates included an oxidase test (BBL DrySlide
oxidase; Becton Dickinson) and a novobiocin susceptibility test
(30). For confirmation purposes, sequence analysis of the 16S
rRNA gene was carried out with 13 randomly chosen isolates
using primers EUB-L (5!-CTTTACGCCCA[AG]T[AG]A[A
T]TCCG-3!) and EUB-R (5!-AGAGTTTGATC[AC]TGG
[CT]TCAG-3!).

Methicillin susceptibility testing was performed by cefoxitin
disk diffusion, according to the CLSI criteria (7). Antimicrobial
susceptibility of additional antibiotics was determined using
the Vitek 2 system (card AST-P549).

Molecular typing of the isolates was performed by pulsed-
field gel electrophoresis (PFGE), as described previously for S.
aureus (16, 27). The presence of the S. aureus mecA and S.
sciuri mecA genes was determined as described previously (9,
22). The presence of areas homologous to regions of the S.
aureus staphylococcal cassette chromosome mec (SCCmec)
types I to VI was examined in a randomly chosen subset of S.
aureus mecA-positive and S. aureus mecA-negative S. sciuri
isolates. The S. aureus mecA-positive isolates were analyzed
using the primer sets for detection of loci A to H, as described
by Oliveira and de Lencastre (23), and using PCRs for cassette
chromosome recombinase (ccr) genes (12–14, 19, 23). The S.
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Isolation and Molecular Characterization of Staphylococcus sciuri in
the Hospital Environment
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Staphylococcus sciuri is a principally animal-associated bacterial species, but its clinical relevance for
humans is increasing. Our study aimed to provide the first insight into the prevalence of this bacterium in a
hospital environment. A 3-month surveillance was conducted in a hospital located in Belgrade, Serbia, and
1,028 samples taken from hands of medical personnel, medical devices, and various hospital surfaces were
screened for S. sciuri presence. In total, 108 isolates were obtained, which resulted in a relatively high rate of
colonization (10.5%). These isolates, along with 7 S. sciuri strains previously isolated in the same hospital (n
! 115), were phenotypically and genotypically characterized. Antimicrobial susceptibility testing revealed that
73% of the strains were resistant to one or more antibiotics, with 4.3% strains displaying multiresistance.
Examination of 16S-23S ribosomal DNA intergenic spacer length polymorphism identified the strains at the
subspecies level, and 74 (64.3%) strains of S. sciuri subsp. sciuri, 37 (32.2%) strains of S. sciuri subsp. rodentium,
and 4 (3.5%) strains of S. sciuri subsp. carnaticus were established. Pulsed-field gel electrophoresis (PFGE)
analysis showed 21 distinct pulsotypes, including 17 main types and 4 subtypes. One dominant cluster with 62
strains was found, while 19 (90.5%) of the PFGE types and subtypes identified had 5 or fewer strains. The
predominance of small PFGE clusters suggests that the ubiquitous presence of S. sciuri in the outside
environment presents the continuous source for colonization of the hospital environment. The presence of one
dominant PFGE cluster of strains indicates that some S. sciuri strains may be capable for adaptation to
hospital environment conditions and continuous existence in this environment.

Staphylococcus sciuri is a coagulase-negative, novobiocin-
resistant, oxidase-positive staphylococcal species. The organ-
ism is considered a principally animal bacterial species and is
commonly present on skin and mucosal surfaces of a wide
range of pets and farm and wild animals (11, 15, 16, 27) and in
food of animal origin (10, 23). It is also known to occur in
environmental reservoirs, such as soil, sand, water, and marsh
grass (15). S. sciuri may be found as a colonizing organism in
humans, with low carrier rates in the nasopharynx, skin, and
urogenital tract (8, 30, 31). The clinical relevance of S. sciuri in
humans appears to be increasing, since the bacterium has been
associated with various infections, such as endocarditis (12),
peritonitis (35), septic shock (13), urinary tract infection (30),
endophthalmitis (3), pelvic inflammatory disease (31), and,
most frequently, wound infections (17, 25, 28).

The capacity of this species to carry antimicrobial resistance
determinants has been well documented (8, 17, 20, 25, 28).
Furthermore, it was suggested that the mecA gene of methi-
cillin-resistant strains of staphylococci originated from an evo-
lutionary relative of the mecA homologue that has been iden-
tified in S. sciuri (7, 16).

Isolation of S. sciuri from hospitalized patients has been
reported (1, 14, 18, 24), but its occurrence in hospital environ-
ment has not been investigated so far. The present study is the
first evaluation of S. sciuri colonization of a hospital environ-
ment and characterization of the obtained isolates.

MATERIALS AND METHODS

Sampling. Sampling was performed over a 3-month period (October through
December 2002) at the Institute for Cardiovascular Diseases—Dedinje, Bel-
grade, Serbia. This teaching hospital consists of 7 operating rooms, 5 intensive
care units (ICUs) with 32 beds, 8 wards with 202 beds, and an outpatient
department. Approximately, 20,000 patients are admitted at the outpatient de-
partment per year, and more than 8,500 operations and invasive diagnostic-
therapeutic procedures are performed annually.

The sampling was performed in five operating rooms, all ICUs, six wards, and
the outpatient department. Specimens were collected from the hands of nursing
staff, medical devices, various hospital surfaces, and inanimate objects, such as
floor areas, bed frames, over-bed tables, chairs, lockers, windowsills, door han-
dles, light switches, nurse call buttons, telephones, urinals, bathtubs, sinks, fau-
cet, toilet seats, stands for infusion apparatus, intravenous pump buttons, mobile
instrument tables, instruments, respirators, electrocardiogram monitors, mobile
monitor units, and sterilizing drums. The samples were taken with sterile cotton-
tipped swabs moistened with phosphate-buffered saline (pH 7.2) and transported
to the research laboratory within 2 h.

The swabs were inoculated into STS broth (29) and agar (27), the selective
media specifically designed for the isolation of S. sciuri. The swabs were first
inoculated onto STS agar and then into STS broth enriched with 5 g/liter of yeast
extract. The inoculated STS agar plates were incubated at 35°C for 3 days and
subsequently at room temperature for 2 days. Samples in STS broth were incu-
bated at 35°C for 3 days and then streaked onto STS agar plates and further
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Molecular Characterization of Staphylococcus sciuri Strains
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We previously characterized over 100 Staphylococcus sciuri isolates, mainly of animal origin, and found that
they all carried a genetic element (S. sciuri mecA) closely related to the mecA gene of methicillin-resistant
Staphylococcus aureus (MRSA) strains. We also found a few isolates that carried a second copy of the gene,
identical to MRSA mecA. In this work, we analyzed a collection of 28 S. sciuri strains isolated from both healthy
and hospitalized individuals. This was a relatively heterogeneous group, as inferred from the different sources,
places, and dates of isolation and as confirmed by pulsed-field gel electrophoresis analysis. All strains carried
the S. sciuri mecA copy, sustaining our previous proposal that this element belongs to the genetic background
of S. sciuri. Moreover, 46% of the strains also carried the MRSA mecA copy. Only these strains showed
significant levels of resistance to beta-lactams. Strikingly, the majority of the strains carrying the additional
MRSA mecA copy were obtained from healthy individuals in an antibiotic-free environment. Most of the 28
strains were resistant to penicillin, intermediately resistant to clindamycin, and susceptible to tetracycline,
erythromycin, and gentamicin. Resistance to these last three antibiotics was found in some strains only. The
findings reported in this work confirmed the role of S. sciuri in the evolution of the mechanism of resistance
to methicillin in staphylococci and suggested that this species (like the pathogenic staphylococci) may accu-
mulate resistance markers for several classes of antibiotics.

Staphylococcus sciuri was first described by Kloos and col-
leagues in 1976 (15) and is considered one of the most ances-
tral and dispersed staphylococcal species, with a wide range of
habitats that includes the skin of several animals as well as
environmental reservoirs, such as soil, sand, water, and furni-
ture (14, 15, 16, 17). The impressive colonizing capacity of this
species may result from its broad range of biochemical activi-
ties, which includes the ability to use inorganic nitrogen salts as
the sole source of nitrogen. Traditionally described as a com-
mensal species of rodents, marsupials, cetaceans, artiodactyls,
and perissodactyls, S. sciuri has also been isolated from healthy
and sick domestic and husbandry animals, including household
cats (4, 12), domestic dogs (15), cattle, goats, poultry, sheep,
horses, and pigs (3, 7, 8, 13, 27), and houseflies (9). Although
S. sciuri is associated rarely with colonization or infection in
humans (14), it has been occasionally isolated from human
clinical samples (1, 3, 6, 10, 11, 17, 18, 21, 29, 31).

In an earlier report (3), we described a collection of 134 S.
sciuri isolates, mainly of animal origin, all carrying a homo-
logue of the mecA gene present in methicillin-resistant Staph-
ylococcus aureus (MRSA) strains and other methicillin-resis-
tant pathogenic staphylococci. The homology between the
mecA sequences found in S. sciuri and MRSA (79.5% DNA
sequence similarity and 87.7% amino acid sequence similarity)
(32) and the ubiquitous presence of mecA sequences in the S.
sciuri chromosome led to the proposal that mecA might be a
native gene of S. sciuri and the ancestor of the mecA element
carried by MRSA. In the same study and another study, we
also described five S. sciuri isolates which carried, in addition to

S. sciuri mecA, a second copy of mecA, identical to the one in
MRSA (3, 33).

In the present work, we analyzed a new collection of 28 S.
sciuri strains, all isolated from humans, including healthy and
hospitalized individuals, with three major aims: first, to assay
the genomic diversity of several S. sciuri isolates recovered
from individuals sharing a common environment, in order to
gather additional data on the main patterns of S. sciuri colo-
nization and dissemination among humans; second, to assay
the presence of both variants of the mecA gene among the
isolates; and third, to search for any correlation between car-
riage or infection caused by strains with the MRSA mecA gene
and antibiotic consumption.

MATERIALS AND METHODS

Bacterial strains. The S. sciuri strains characterized in this study are listed in
Table 1 and were from two distinct sources: healthy human carriers (adults and
children) and hospitalized patients.

The strains isolated from healthy carriers were sampled over 3 years in the
context of two projects for the surveillance of antibiotic-resistant bacteria in the
community (I. Santos Sanches, R. Sá-Leão, I. Bonfim, D. Oliveira, R. Mato, M.
Aires de Sousa, A. Brito Avô, J. Saldanha, A. Pereira, G. A. Olim, and H. de
Lencastre, Abstr. 20th Int. Congr. Chemother., abstr. 4317, p. 154, 1997; H. de
Lencastre et al., unpublished data). The 23 S. sciuri strains included in the
present study were isolated from draftees in one barrack of the Portuguese Air
Force Base Aérea da Ota (strains SS-1 to SS-31) and from children attending
day-care centers (strains SS-34 and SS-37) (Table 1).

The remaining S. sciuri strains were isolated within the scope of other projects
for the surveillance of antibiotic-resistant bacteria among clinical isolates. Strain
SS-38 was isolated in Hospital Casa de Saúde de Santa Marcelina (São Paulo,
Brazil), and strains SS-39 to SS-42 were isolated in two different hospitals in
Cape Verde (Hospital Agostinho Neto, Cidade da Praia, Cape Verde, and
Hospital Baptista de Sousa, Mindelo, Cape Verde) (M. Aires de Sousa et al.,
unpublished data).

Among the strains recovered from draftees, most S. sciuri strains were isolated
from the axillae (76%) and the remaining ones were isolated from the nares.
Strains from children attending day-care centers were isolated from nasopha-
ryngeal specimens. Among the five clinical isolates, four S. sciuri isolates were
isolated from colonized sources and one (SS-38) was isolated from an infected
source (Table 1).

* Corresponding author. Mailing address: Laboratory of Microbiol-
ogy, The Rockefeller University, 1230 York Ave., New York, NY
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Characteristics of the CIP 105824 genome project  

-  Collaboration between INRA, Montpellier University, and Institut Pasteur 

-  Whole genome shotgun sequencing by 454 method (≈ 83,000 reads) 

-  More than 20-fold genome coverage (read length ≈ 700 bp) 

-  A total of 166 contigs by de novo assembly using Newbler 2.6 software 

-  Finally < 50 contigs using various means (CLC Workbench / blast / read mapping) 

-  Automatic annotation of the genes and manual validation using AGMIAL platform  
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Pulsed-field gel electrophoresis of CIP 105824 strain 
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Some key genomic features of the Staphylococcaceae family 



What makes S. sciuri group different from other staphylococci ? 

-  Oxidase-positive and MK-6 Staphylococcaceae organisms 
-  Growth from (NH4)2SO4 (no amino acid auxotrophy) 
-  A large repertoire of competence genes 
-  Presence of the MEP pathway for isoprenoid synthesis 
-  Many more Phospho-Transferase Systems (> 25…) 
-  A bit more ATP-binding cassette transporters (> 55…) 
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 apparent homogeneity by gel filtration and ion exchange chromato-
graphy (Supplementary Fig. 1a). The protein had an absorbance 
spectrum typical of enzymes containing pyridoxal phosphate 
(PLP; a vitamin B6 derivative), with a peak at 412 nm in addition 
to the peak at 280 nm (Supplementary Fig. 1b). Activity of the 
protein on  ureidoglycine, the unstable product of the AAH reac-
tion (see Fig. 1a), was assayed by 13C NMR spectroscopy using 
uniformly 13C-labeled allantoate and unlabeled glyoxylate in the 
presence of AllC. The time course of the reaction showed forma-
tion of a stable product having the same 13C spectrum as oxalurate  
(Fig. 2a and Supplementary Fig. 2). Reactions conducted with 
allantoate  specifically labeled at the pro-S carbon (position C2) 
showed  incorporation of 13C into C2 of oxalurate (Supplementary 
Fig. 2), providing evidence that the amino donor substrate is the S 
enantiomer of ureidoglycine. The stereochemistry at the -carbon 
in (S)-ureidoglycine is the same as that of L amino acids.

The activity of PucG on glyoxylate was assayed with un-
labeled  allan toate in the presence of AllC and uniformly 13C- 
labeled glyoxy late deriving from the spontaneous decay of labeled 

(S)-ureidoglycine. The spectrum showed formation of 13C-labeled 
 glycine as the reaction product (Supplementary Fig. 3). Formation 
of glycine was also observed using a coupled spectrophotometric 
assay with glycine oxidase (Supplementary Fig. 4). These results 
indicate that pucG encodes a protein with UGXT activity.

UGXT reaction in the absence of amino group acceptors
Thanks to the absorption of oxalurate in the UV region, which is 
higher than that of the other metabolites involved in the reaction, the 
transamination kinetics were monitored spectrophotometrically. As 
ureidoglycine spontaneously releases urea and ammonia at neutral 
pH (Supplementary Fig. 5), yielding glyoxylate at a rate constant of 
~4 × 10−4 s−1, the UGXT reaction could also occur in the absence 
of added amino group acceptor. In a reaction mixture containing 
AllC, UGXT and glyoxylate, the allantoate substrate was stoichio-
metrically converted to oxalurate (Fig. 2b). Formation of oxalurate, 
however, was also observed when glyoxylate was omitted. In that 
case, the reaction proceeded, after an initial lag, with the same rate of 
the spontaneous decay of ureidoglycine and yielded half the amount 
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Figure 2 | Aminotransferase activity of UGXT. (a) Time course of the enzymatic conversion of uniformly labeled [15N,13C]allantoate in the presence of 
AllC and PucG. 13C spectra were collected at 25 °C in 0.1 M potassium phosphate, 80% D2O, pH 8.0; signals from glycerol and dioxane (66.5 p.p.m., 
reference) are marked by lowercase letters. (b) Formation of oxalurate by the PucG reaction monitored spectrophotometrically in the presence and in the 
absence of glyoxylate. The reaction was initiated by addition of AllC to a solution containing 0.3 mM allantoate.

Figure 1 | Identification of pucG as UGXT. (a) Proposed pathway for the formation and degradation of (S)-ureidoglycine. (b) Comparison of the genetic 
context of the AAH-encoding genes (allC, blue) in various bacteria showing the alternative association with ughy (green) and pucG (red) genes.

from Ramazzina et al., Nat. Chem. Biol., 2010 
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