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Staphylococcus pseudintermedius is a frequent pathogen in dogs. The emergence of meticillin-resistant S.
pseudintermedius (MRSP), which is concomitantly resistant to nearly all veterinary licensed antibiotics
used for systemic treatment in dogs, is a major problem for veterinarians. In France, 16.9% (41/243) of the
S. pseudintermedius collected in 2010 were MRSP. They mainly belonged to the multiresistant MLST
sequence type ST71, spa type t02, SCCmec type II-1II (ST71-t02-II-II) European clone. Moreover, we also

Keywords: report the emergence of multiresistant meticillin-susceptible S. pseudintermedius isolates presenting
thgibiotic resistance atypical and/or new spa types. This study highlights the need for surveillance, optimised treatment
MLST guidelines and new therapeutic alternatives.

PFGE © 2014 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All
Spa rights reserved.

1. Introduction

Staphylococcus pseudintermedius, initially described in 2005, is a
commensal in dogs and is also recognised as a frequent opportunis-
tic pathogen, primarily causing skin infections and post-operative
complications. Moreover, whilst its natural host is dogs, and to a
lesser extent cats, human carriage or infections, which are typically
associated with exposure to dogs, have been reported, highlighting
the zoonotic potential of S. pseudintermedius [1].

Initially, S. pseudintermedius was mostly susceptible to anti-
biotics and was not a particular issue for veterinarians. However,
since 2006 meticillin-resistant S. pseudintermedius (MRSP) has
emerged as a pathogen resistant to nearly all classes of antibiotics
available for use in dogs [2] and represents a threat to small animal
antibiotic therapy owing to limited treatment options. An
international multicentre study showed that a few distinct MRSP
clones are broadly disseminated, including multilocus sequence
typing (MLST) sequence type ST71, spa type t02, staphylococcal
cassette chromosome mec (SCCmec) type II-1II (ST71-t02-I1I-11I) in
Europe and ST68-t06-V in the USA, whilst recent data indicate the

* Corresponding author. Tel.: +33 4 7869 6830; fax: +33 4 7861 9145.
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emergence of geographic-specific genotypes, e.g. ST71-t06-II-IIl in
France or ST106 in Norway [3,4]. Recent efforts have focused on
understanding MRSP clonality and spread, but very little is known
about the genetic diversity of meticillin-susceptible S. pseudinter-
medius (MSSP) [2,5-7].

To gain insight into the population structure of S. pseudinter-
medius infecting dogs in France, a 1-year survey was conducted to
investigate the antimicrobial susceptibility patterns and genetic
diversity among MRSP and MSSP clinical isolates.

2. Materials and methods
2.1. Bacterial sampling and identification

Between January and December 2010, 268 coagulase-positive
staphylococci (CoPS) were isolated from diseased dogs visiting a
referral veterinary clinic in Paris, France. This clinic receives
isolates from all geographical regions throughout France. Each
clinical isolate corresponded to a unique animal. All isolates were
later sent to the Anses laboratory in Lyon (France) for further
analysis. Species identification was performed by kat restriction
fragment length polymorphism (RFLP) [8], and all isolates
identified as Staphylococcus intermedius were further confirmed
using a multiplex nuc PCR as described by Sasaki et al. [9].

2213-7165/© 2014 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All rights reserved.
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2.2. Antimicrobial susceptibility tests

AllS. pseudintermedius isolates were tested for their antimicrobial
susceptibility by the disc diffusion method according to the
guidelines of the French Society for Microbiology (CA-SFM)
(http://www.sfm-microbiologie.fr). Antibiotics tested were oxacil-
lin 5 g (breakpoints, susceptible >20 mm/resistant <20 mm),
penicillin 6 g, fusidic acid 10 g, kanamycin 30 g, gentamicin
15 g, tobramycin 10 g, erythromycin 15 g, spiramycin 100 g,
lincomycin 15 g, pristinamycin 15 g, tetracycline 30 g, chlor-
amphenicol 30 pg, florfenicol 30 g, enrofloxacin 5 g, vancomycin
30 ng and teicoplanin 30 g (Mast Diagnostics, Amiens, France).
The breakpoints used are shown in Table 1, and bacteria were
classified as susceptible, intermediate or resistant according to the
clinical breakpoints approved by the CA-SFM. Staphylococcus aureus
ATCC 25923 was used as the quality control strain.

2.3. Detection and molecular characterisation of S.
pseudintermedius

PCR screening for mecA was systematically performed on all S.
pseudintermedius isolates. Sequencing of the variable region X of
the S. pseudintermedius spa gene was performed on all isolates
according to Moodley et al. [10], and new spa types were assigned
by Arshnee Moodley, the curator of the spa type database
(asm@sund.ku.dk). Pulsed-field gel electrophoresis (PFGE) was
performed on all MRSP isolates using the Smal restriction enzyme
according to a previously published method with slight modifica-
tions (pulse time of 1-30 s and total run time of 23 h) [11]. Cluster
analysis was performed by UPGMA (unweighted pair-group
method with arithmetic mean) based on the Dice similarity
coefficient, with optimisation and position tolerance set at 0.5%
and 1%, respectively. Isolates were clustered using a 73% similarity
cut-off, above which isolates were considered to be closely related
and assigned to the same PFGE type. This similarity cut-off value
allowed discrimination between ST71 and non-ST71 isolates.

Based on the PFGE cluster analysis, MLST was performed on 20
MRSP isolates according to the recently published seven-locus
scheme [12]. Sequence types were determined using the MLST
website (http://pubmlst.org/spseudintermedius) and new se-
quence types were assigned by the curator Vincent Perreten
(vincent.perreten@vetsuisse.unibe.ch). SCCmec typing of all MRSP
was performed by PCR according to published methods [13].

Table 1

Antimicrobial susceptibility by the disc diffusion method in meticillin-susceptible
Staphylococcus pseudintermedius (MSSP) and meticillin-resistant S. pseudinterme-
dius (MRSP) isolates.

Antimicrobial agent  Breakpoints

(mm) (S>/R<)

MSSP (n1=202)  MRSP (n=41)

No. (%) resistant ~ No. (%) resistant

Penicillin 29/29 131 (64.9) 41 (100.0)
Fusidic acid 24/24 2(1.0) 1(24)
Lincomycin 21/17 52 (25.7) 38 (92.7)
Erythromycin 22/17 77 (38.1) 40 (97.6)
Spiramycin 20/20 77 (38.1) 40 (97.6)
Pristinamycin 22/19 0 (0.0) 0 (0.0)
Enrofloxacin 22/17 19 (9.4) 38 (92.7)
Kanamycin 17/15 88 (43.6) 40 (97.6)
Tobramycin 20/20 11 (5.4) 35(85.4)
Gentamicin 20/20 11 (5.4) 32 (78.0)
Tetracycline 19/17 105 (52.0) 29 (70.7)
Vancomycin 17/17 0(0.0) 0 (0.0)
Teicoplanin 17/17 0(0.0) 0 (0.0)
Chloramphenicol 22/19 50 (24.8) 9 (22.0)
Florfenicol N/A N/1 N/I

S, susceptible; R, resistant; N/A, not available; N/I, not interpreted (due to lack of
breakpoints).

3. Results

Among the 268 CoPS isolated at the referral clinic, 243 (90.7%)
were identified as S. pseudintermedius and were further char-
acterised. The 25 remaining isolates belonged to the species S.
aureus (n = 14), S. intermedius (n = 3) and Staphylococcus schleiferi
(n = 8).S. pseudintermedius was recovered from dogs suffering from
skin infections (n=135), otitis (n =24), bone infections (n = 16),
urinary tract infections (n=18), genital tract infections (n=3),
respiratory diseases (n=10), mouth infections (n=3) and eye
infections (n = 11); the pathology was unknown for 23 isolates. In
total, 41 MRSP (16.9%) were identified, which were isolated from
unrelated animals originating from 12 different French districts
(Nord, n=12; Paris, n=11; Val-de-Marne, n = 5; Hauts-de-Seine,
n =3; Drome, n = 2; Maine-et-Loire, n = 2; Cote d’Or, n = 1; Doubs,
n=1; Haute-Savoie, n=1; Moselle, n=1; Oise, n=1; and Val
d’Oise, n=1).

Amongst the 202 MSSP, the top four resistance phenotypes
were penicillin (64.9%), tetracycline (52.0%), kanamycin (43.6%),
and erythromycin and spiramycin (38.1%). Approximately 25% of
these isolates were also resistant to lincomycin and chloram-
phenicol. Multiresistance (resistance to at least three antibiotic
classes) was detected in 30.7% of MSSP isolates (62/202), and the
most prevalent association included resistance to penicillin,
erythromycin, kanamycin and tetracycline (46/62; 74.2%). Ten
MSSP isolates were additionally resistant to fluoroquinolones.
Among the 41 MRSP isolates, 40 were multiresistant and
presented quasi-systematic (>90%) co-resistances to erythromy-
cin, spiramycin, lincomycin, enrofloxacin and kanamycin
(Table 1; Fig. 1). Resistance to tobramycin, gentamicin and
tetracycline was >70%, whereas resistance to chloramphenicol
was 22.0%. One MRSP isolate was only resistant to tetracycline.
Independent of the meticillin resistance, no resistance was
observed to pristinamycin, vancomycin and teicoplanin. No
apparent decreased susceptibility to florfenicol was recorded,
since no bimodal distribution of the florfenicol inhibition zone
diameters was observed for all isolates (diameters ranging from
26 mm to 37 mm).

Among MSSP, only 22.3% of isolates (45/202) could be typed by
amplification and sequencing of the variable region X in the spa
gene. Nineteen different spa types were observed, with t06 (n = 10)
and t15 (n=9) being the most common types. Twelve new spa
types (t36 to t48) and four new repeats were identified. Amongst
the MRSP, 35/41 (85.4%) were spa typeable. Five spa types were
identified, with 27/41 (65.9%) of the isolates displaying spa type
t02 (Fig. 1; Table 2).

Further characterisation of the MRSP isolates showed the
prototypically SCCmec II-III cassette present in 36 isolates (87.8%),
and the 5 remaining isolates harboured a type IV cassette. PFGE
showed the presence of two main clusters, PFGE types A and B
(Fig. 1). PFGE type A was further divided in two main subclusters,
A1 and A2. Based on the PFGE profiles, 20 isolates were typed by
MLST, including 13 isolates from PFGE type A (6 belonging to t02
and all non-t02 isolates) as well as all 7 isolates from PFGE type B.
Those isolates with PFGE type A all belonged to ST71, whereas
three isolates belonging to PFGE type B were ST258 and the
remaining four type B isolates were new sequence types (namely
ST193, ST194, ST293 and ST294). PFGE type B included six of the
seven isolates that were either spa non-typeable or harboured an
atypical spa type t41.

4. Discussion
This study confirms that S. pseudintermedius is the most

frequent CoPS associated with staphylococcal infections in dogs,
and more specifically with skin infections (135/243; 55.6%).
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Fig. 1. Pulsed field gel electrophoresis (PFGE) patterns and typing characteristics of 41 meticillin-resistant Staphylococcus pseudintermedius (MRSP) isolates. All isolates
harboured staphylococcal cassette chromosome mec (SCCmec) II-111, except for five isolates, which harboured SCCmec IV and are marked by an asterisk (*). ENR, enrofloxacin;
ML, macrolides and lincosamides; TET, tetracycline; KTG, kanamycin/tobramycin/gentamicin; CHL, chloramphenicol; KAN, kanamycin; TOB, tobramycin; FUS, fusidic acid;

ERY, erythromycin; SPI, spiramycin.

Among S. pseudintermedius, 16.9% (41/243) were MRSP and
were associated with severe or recurrent infections that were
unsuccessfully treated with antibiotics. This is higher than what
has been described for infected dogs in Germany (7% in 2007 [14];
8% in Hannover over the 2007-2009 time period [15]) and in North
China (13% in 2008-2009 [16]) but is much lower than that
recently reported in Southern China (48% in 2007-2009 [17]).

Whilst multiresistance was lower in MSSP compared with
MRSP, these MSSP strains, which were isolated in 2010, were more
resistant than strains isolated in France 8 years ago [18] and in
other countries [5]. This indicates an overall increasing resistance
in MSSP, and the emergence of multiresistant phenotypes may
hamper future treatment possibilities.

MRSP were resistant to all classes of antibiotics used for
systemic treatment in dogs (notably [3-lactams, fluoroquinolones,
tetracyclines and lincosamides), as is typically described for MRSP

worldwide. Chloramphenicol is considered a therapeutic option;
however, chloramphenicol-resistant MRSP and MSSP isolates do
occur (ca. 25% in this study) and the use of this antibiotic in France
is rare since it is restricted to topical formulations. Owing to
limited treatment options, alternatives are desperately needed. For
topical treatment, fusidic acid remains mostly active, and non-
antibiotic therapies such as antiseptics (e.g. chlorhexidine) could
also be used [1,19]. Moreover, bacteriophage therapy could also be
an option in the future. In systemic infections, revision of current
treatment guidelines, antibiotic stewardship, stringent infection
control policies and evaluation of older antimicrobials, e.g.
nitrofurantoin in urinary tract infections, would help prevent
MRSP infections [20].

MRSP appear to have widely disseminated through two major
clonal types: ST71-SCCmec type II-1II in Europe and ST68-SCCmec
type V in the USA. ST71 is frequently associated with spa type t02,
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Table 2
spa types of meticillin-susceptible Staphylococcus pseudintermedius (MSSP) and
meticillin-resistant S. pseudintermedius (MRSP) isolates.

spa type No. of strains Repeats?

MRSP (n=41)

t02 27 r01 r02 r03 r03 r03 r06 r05
t05 r01 r02 r03 r03 r03 r03 r06 r05
t06 r01 r02 r03 r03 r06 r05

t41 r01 r12 r02 r02 r03 r13 r02 r06 r05

3
3
t23 1 r01 r09 r02 r02 r13 r03 r06 r05
1
NT 6

MSSP (n=202)

t02 1 r01 r02 r03 r03 r03 r06 r05

t05 4 r01 r02 r03 r03 r03 r03 r06 r05

t06 10 r01 r02 r03 r03 r06 r05

t15 9 r01 r02 r03 r03 r03 r03 r03 r06 r05
t17 1 r01 r02 r03 r03 r03 r03 r03 r03 r06 r05
t18 1 r01 r02 r02 r03 r03 r03 r06 r05

t23 1 r01 r09 r02 r02 r13 r03 r06 r05

t36 2 r01 r02 r03 r03 r06

t37 1 r01 r02 r02 r03 r03 r03 r03 r06 r05
t38 1 r01 r02 r29

t39 1 r01 r09 r03 r10 r02 r03 r06 r05

t40 1 r01 r12 r02 r02 r03 r06 r05

t42 3 r01 r12 r02 r02 r03 r13 r03 r06 r05
t43 4 r01 r02 r03 r31 r03 r06 r05

t44 1 r01 r02 r31 r03 r06 r05

t45 1 r01 r02 r03 r31 r03 r06 r32

t46 1 r01 r02 r03 r13 r33 r05

t47 1 r01 r02 r03 r03 r03 r03 r03 r34 r06 r05
t48 1 r01 r02 r03 r03 r31 r03 r06 r05

NT 157

NT, non-typeable.

2 New repeats are highlighted in bold: r31 (AAA GAA GAC AAA GCT GAA GAT AAA
GGT AGC); r32 (AAA AAA GGC AAA GCT GCA GAC AAA GGT ATG); r33 (AAA GAA GAC
AAA GCT AAA GAC AAA GAC AACQ); and r34 (AAA GAA GAT AAA GCT AAA GAC AAA
GAC AGC).

but also with other spa types such as t05, t06, t15 and t23 [2,21].In
this study, 34 of 41 MRSP belonged to the t02, t05, t06 or t23 types
and harboured the SCCmec II-1II cassette, indicating that the typical
European clonal type is largely responsible for the dissemination of
MRSP in France. The ST71-t06-SCCmec II-11I clone, responsible for
a nosocomial outbreak in Southern France [4], is not widespread
since it was only identified in three dogs in this collection. Aside
from the typical European clonal type, the sporadic emergence of
atypical clones was observed as exemplified by the seven isolates
in cluster B that were unrelated to ST71 and belonged to ST258
(n=3) and to four new sequence types (ST193, ST194, ST293 and
ST294).

MSSP showed a much higher genetic diversity, as suggested by
other studies [6,7,21]. This is demonstrated here by the large
number of different spa types identified, most of which were novel.
The low number of spa-typeable isolates indicates that spa typing
is not suited for MSSP. Whilst PFGE appears to be the most reliable
method for typing MSSP, a new quick, inexpensive and robust
sequence-based method is needed. Interestingly, except t41, all spa
types identified amongst MRSP were also observed among the
MSSP. This could indicate that an MSSP-MRSP conversion by
acquisition of SCCmec, or an MRSP-MSSP reversion by the loss of
SCCmec, might occur.

In conclusion, this study, which is the first overview of MRSP
prevalence in France, demonstrates that the proportion of MRSP in
clinical isolates in 2010 was 16.9% and that these opportunistic
pathogens have disseminated clonally with a few local micro-
evolutions.

Furthermore, these results showed that MSSP also present
multiresistant profiles, including resistance to treatment options
(e.g. enrofloxacin and clindamycin), and thus may emerge as a
major and difficult-to-treat pathogen in the future. This increase

might be due to antibiotic selection pressure or the exchange of
mobile genetic elements carrying resistance determinants be-
tween MSSP and MRSP or other resistant bacteria colonising the
same ecological niche.

These data highlight the need for continuous surveillance both
of MSSP and MRSP as well as the development of novel therapeutic
alternatives.
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