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Summary

Staphylococcus pseudintermedius is the predominant coagulase-positive species in
the normal flora of dogs and cats. It can be isolated from the nares, mouth, anus, groin
and forehead of healthy dogs and cats. S. pseudintermedius is an opportunistic patho-
gen most frequently encountered in canine and feline skin and ear infections. Methici-
llin-resistant S. pseudintermedius (MRSP) emerged in Brazil in the late nineties. Today,
two different clones dominate in the population of dogs and cats. Dominant European
clone ST71 appeared in Germany in 2005 and has rapidly spread around the world,
while lineage ST68 dominates in North America. Both clones are multiresistant and
present one of the biggest problems of antimicrobial resistance in the veterinary medi-
cine. Besides all beta-lactam antimicrobials, they are typically resistant to aminoglycosi-
des, fluoroquinolones, macrolides, lincosamides, trimethoprim-sulfamethoxazol and in
many cases to tetracycline and chloramphenicol. The treatment of MRSP infections is a
new challenge in veterinary medicine because of the very limited therapeutic options.
The multidrug-resistance pattern results in a potential pressure for veterinarians to use
antimicrobials licensed in human medicine, such as vancomycin, mupirocin and rifam-
picin. This opens ethical questions because of the possible emergence of resistance to
these antimicrobials. Although the zoonotic potential is much lower than for MRSA,
veterinarians are at a higher risk for becoming colonized and should be aware of the
zoonotic risk.
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INTRODUCTION

The most clinically relevant staphylococci in veterinary medicine are the coa-
gulase positive Staphylococcus aureus and members of the Staphylococcus intermedi-
us group, particularly Staphylococcus pseudintermedius. The importance of methici-
llin-resistant Staphylococcus aureus (MRSA) in human medicine is well known and,
even though MRSA emerged almost 50 years ago, it still presents a very serious
problem in intensive care and recently also in the community. Although there are
many reports of the colonization and even infection of dogs and cats with MRSA,
the proportion of this species in staphylococcal isolates from animals in community
is almost negligible compared to methicillin-resistant Staphylococcus pseudintermedi-
us (MRSP), at least in Europe. Methicillin-resistant Staphylococcus pseudintermedius
emerged and rapidly spread around the world and today presents one of the biggest
problems of antimicrobial resistance in the veterinary medicine.

DESCRIPTION OF THE SPECIES S. PSEUDINTERMEDIUS
— RECENT CHANGES IN TAXONOMY

Staphylococcus intermedius was described as a species in 1976 based on G+C con-
tent and phenotypic tests [1]. In 2005, Devriese et al. described a novel staphyloco-
ccal species, S. pseudintermedius [2]. The description was based on 165 rRNA gene
sequence analysis of isolates from a cat, a dog, a horse and a parrot. It was later
found that those isolates don't represent a new species but that all isolates formerly
identified as S. intermedius by phenotypic characteristics, and obtained from dogs,
are actually S. pseudintermedius [3]. The authors proposed a new classification based
on the nucleotide sequence analysis of the sodA and hsp60 genes and divided the S.
intermedius group into three clusters: S. intermedius, S. pseudintermedius and S. delp-
hini [3]. It should be noted that isolates from dogs and cats reported as S. intermedius
in the literature, are most probably S. pseudintermedius.

Phenotypic tests are not sufficient for the discrimination of the species in the
S. intermedius group. For that purpose it is necessary to use molecular methods
such as restriction fragment length polymorphism analysis of the PCR amplifi-
ed fragment of the pta gene [4] or the multiplex PCR method of the nuc gene [5],
which can differentiate up to seven coagulase positive species of staphylococci.
In addition, S. pseudintermedius is phenotypicaly very similar to S. aureus, and can
be easily misidentified if a wide range of biochemical properties is not examined.
Both species show double-zone hemolysis on sheep blood agar which is characte-
ristic for staphylococcal beta-hemolysin production. They are tube coagulase and
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deoxyribonuclease positive. S. aureus has golden-yellow and S. pseudintermedius
white pigmented colonies, but the pigment production is often very weak after
overnight incubation, especially in isolates from dogs [6]. Although S. pseudinter-
medius doesn’t produce free coagulase, it can be positive in the latex-agglutination
test. These tests often combine detection of both free coagulase and protein A.
The latter is present in both species and can lead to misidentification of S. pseu-
dintermedius as S. aureus, especially in samples from humans, and is a reason why
S. pseudintermedius is probably underreported in human medicine [7]. However,
these two species can be easily distinguished using commercial strips for bioche-
mical identification such as ID32 STAPH (bioMerieux, France) or computerized
systems. The tests such as production of acetoin and beta-galactosidase are highly
discriminatory. It should be noted that S. pseudintermedius will be identified as S.
intermedius by the API database.

S. pseudintermedius is the predominant coagulase-positive species in the normal
flora of dogs and cats. Dogs, and more often cats, can harbor S. aureus. However, pets
acquire S. aureus mostly from their owners, which is also true for the methicillin-
resistant strains. S. pseudintermedius is an opportunistic pathogen most frequently
encountered in canine and feline skin and ear infections but can cause infections in
virtually all body tissues and cavities, including septicemia [8, 9, 10]. According to
this, we can expect to find methicillin-resistant S. pseudintermedius in similar sites as
a colonizer or as an infectious agent.

METHODS FOR THE DETECTION OF MRSP

Methicillin resistance in staphylococci is conferred by the mecA gene, which
encodes for production of an altered penicillin binding protein (PBP2a or PBP2’)
that has a low affinity for all beta-lactam antibiotics [11]. This gene is located on a
staphylococcal chromosomal cassette mec, a transmissible genetic element, which
can also carry other resistance genes depending on its type and size. For detection
of MRSP, phenotypical and/or molecular methods can be used. Current CLSI gui-
delines for detection of methicillin resistance in S. pseudintermedius recommend the
use of Miiller-Hinton agar with the addition of 2% NaCl and a disk of oxacillin (1
ug). Plates should be incubated at 35°C for the whole 24 hours, and isolates with the
inhibition zone of less than 18 mm are considered resistant [12]. It should be empha-
sized that the use of cefoxitin disk instead of oxacillin is inappropriate for detection
of methicillin-resistance in S. pseudintermedius, and will bring an unacceptable level
of false negative results [13,14]. Methicillin resistance can be further confirmed by
PCR detection of mecA gene or latex agglutination test for PBP2a.
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EMERGENCE AND SPREAD OF MRSP

Methicillin-resistant S. pseudintermedius was first reported in Brazil, and was
isolated from a skin of clinically healthy cat [15]. Colombini et al. reported first
two isolates of MRSP in the USA obtained from dogs with otitis media [16]. MRSP
emerged in Europe in 2005 in Germany where twelve multiresistant isolates were
obtained from 11 dogs and one cat at the veterinary dermatology referral clinic
[17]. The isolates were resistant to oxacillin, enrofloxacin, gentamicin, macrolides,
lincosamides, trimethoprim-sulfamethoxazol and most of them to tetracycline
while their pulse field gel electrophoresis profiles showed that they were very clo-
sely related. Since then, MRSP was reported in other studies in Europe: Germany
[18-20], Italy [21, 22], Switzerland [23], Poland [24], and several other European co-
untries including Sweden, Denmark, Netherlands, Luxemburg and United King-
dom [25-28]. In Croatia, MRSP was confirmed in 2008 [29], although retrospective
analysis of antimicrobial susceptibility testing data indicates its possible presence
even earlier than it was reported in Germany. Besides dogs and cats, methicillin-
resistant S. pseudintermedius has been isolated also from horses and a donkey in
Germany [30] and a horse in Italy [31]. Studies on the prevalence of MRSP among
healthy and diseased dogs show variable percentages depending on the geograp-
hical area, type of samples investigated and the method of detection or isolation
of the bacterium. MRSP was found in 1.5-2% of healthy dogs in Slovenia and USA
[32, 33] and in 3.5-7% of dogs with skin disease in USA [33, 34]. However, no
MRSP was isolated from anal swabs of 175 clinically healthy dogs in Canada [35].
In Europe, the prevalence among diseased dogs seems to be lower than in USA.
Ruscher and coworkers found MRSP in 0.8% and 0.1% of clinical samples from
dogs and cats, respectively. Most isolates were obtained from infected wounds,
auditory channel and skin [30]. In Italy, among 590 canine specimens MRSP was
found in 2% [21]. On the other hand, prevalence of MRSP in animals admitted to
dermatology clinics in USA and Canada ranged from 3.1% in cats to 6.2% in dogs
[9]. Approximately 40% of isolates from dogs with recurrent pyoderma in the USA
were MRSP. In Japan, MRSP was found in 30% of dogs examined at a veterinary
clinic [36]. MecA gene was detected in 66.5% of S. pseudintermedius obtained from
dogs in two veterinary hospitals in Japan [37]. Studies on the risk factors for MRSP
colonization or infection are scarce. Dogs with MRSP infections had more likely
been treated with antimicrobials within the 30 days prior to the onset of the infec-
tion compared to dogs with MSSP infections [38]. This indicates that antimicrobial
use is a risk factor for MRSP infections.
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MOLECULAR TYPING OF MRSP

Molecular typing methods for MRSP allow investigation of the possible linkage
between isolates from different geographical locations, and are the basis for epide-
miological analysis. MRSP can be grouped on the basis of their staphylococcal chro-
mosomal cassette mec type (SCCmec) which can be determined using a combination
of several multiplex PCRs and sequencing [39]. In MRSP, SCCrmec was found to be of
type IIL II-I1I, V and VII [27,40-42]. SCCmec II-11I is the most prevalent type among
European MRSP, and is a combination of SCCmec II from S. epidermidis and SCC-
mec III from S. aureus. SCCmec types III and II-III seem to be identical but different
criteria were used for classification in different studies [40, 42]. On the other hand,
dominant North American clonal lineage harbors SCCmec type V [27,40-42].

Besides SCCmec typing, several other typing methods were developed and are
similar to those used for typing of MRSA. Pulse field gel electrophoresis (PFGE)
has been widely used for typing of methicillin-sensitive and methicillin-resistant S.
pseudintermedius with good typability and resolution, but modern sequence-based
typing methods are more convenient due to easier interlaboratory comparison, exc-
hange of data and development of automatic databases. Spa typing is a single locus
typing method which involves sequencing of the variable X- region of staphyloco-
ccal protein A (spa) gene and identification of short (30bp) tandem repeats. After that
anumerical spa type is assigned. Spa type t01 was assigned to a methicillin sensitive
reference strain ED99 which sequence was used for developing the method. The spa
typing for MRSP was established by Moodley et al. and consisted of a single PCR
reaction using two specific primers for amplification of the X-region of spa gene [42].
It was later adapted as a nested PCR for typing of strains that were untypable with
the original protocol. In the first PCR reaction the whole spa gene is amplified and
the product is used for second reaction and amplification of X-region [27]. Ruscher
et al. didn’t have problems with spa typing of MRSP. However, in that study diffe-
rent primers were used and only European strains were analyzed [28]. In all studies
conducted so far, spa type t02 dominated among European and t06 among North
American MRSP. Spa types t05 and t06 can also be found in Europe and are closely
related to t02 with the main difference in the number of r03 repeats in the central
part of the X-region. Other spa types were found sporadically, and were often asso-
ciated to isolates with different resistance phenotypes. On the other hand, spa type
t06 dominates among North American MRSP [27,28,42].

Multilocus sequence typing (MLST) method for S. pseudintermedius was develo-
ped by Bannoehr et al. in 2007 [25]. It includes sequencing of five gene loci: 165 rRNA,
cpn60, tuf, pta and agrD and assignment of a sequence type (ST). The analysis of 105
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isolates of S. pseudintermedius (16 of them were MRSP) revealed that this species has
a largely clonal population structure with minor effects of recombination in the evo-
lution of the investigated genes. The study has shown that different MRSP sequence
types have evolved by multiple acquisition of mecA gene by different clones. Among
the 16 MRSP isolates five different STs were found (ST29, ST68, ST69, ST70 and ST71)
with the predominance of ST71 among isolates from North and Central Europe,
indicating the spread of a very successful clone in European dog population. There
was no sharing of STs between European and American MRSP and all MRSP STs
but one (5T29) were different from those identified among methicillin-sensitive stra-
ins. Later studies have confirmed the domination of ST71 among dogs and cats in
Europe and ST68 in North America. Isolates that belong to ST71 can be sporadically
found in North American MRSP and are common in dogs in Hong Kong. Compared
to mecA-negative S. pseudintermedius, where numerous different STs can be found,
MRSP seems to be less diverse [42,43,26-28]. However, up to now, only a single case
of ST68 has been recorded in Europe [44,45].

Analysis of isolates using a combination of spa typing, MLST and SCCmec ty-
ping has shown that the majority of European MRSP belong to ST71, spa type t02
and carry a staphylococcal chromosomal cassette mec of type II-11I. Spa types t05 and
t06 can also be found within ST71 and carry the same SCCmec. On the other hand,
the most common North American lineage belongs to ST68, spa type t06 and carries
a type V SCCmec [27].

RESISTANCE OF MRSP TO NON-BETA-LACTAM ANTIMICROBIALS

The most clinically important characteristic of recently emerged dominant
MRSP clones is their antimicrobial resistance. Both European and American do-
minant clonal lineages harbor multiple resistance mechanisms and are resistant to
practically all clinically relevant antimicrobials licensed for use on animals. Besides
beta-lactams, isolates from the European lineage ST71 are also resistant to macro-
lides, lincosamides, aminoglycosides, fluoroquinolones and trimethoprim, while
approximately 75% and 68% of isolates are resistant to chloramphenicol and tetra-
cycline, respectively. Resistance to macrolides and lincosamides is due to the chro-
mosomally located methylase gene erm(B), while chloramphenicol resistant isola-
tes carry chloramphenicol acetyltransferase gene cat .,
on small plasmids. Resistance to gentamicin and kanamycin is associated with the

which is commonly found
bifunctional acetyltransferase/phosphotransferase gene aac(6’)-aph(2”’) while tri-

methoprim-resistant isolates carry dihydrofolate reductase gene dfr(G). The Nor-
th American clonal lineage ST68 contains virtually the same resistance genes as
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ST71 with the exception of tet(M), instead of tet(K), the absence of cat and an
additional lincosamide resistance gene [nu(A) in some isolates. The mechanism of
resistance to fluoroquinolones in MRSP was not investigated in these studies [26,27].
However, very high minimum inhibitory concentrations of ciprofloxacin indicate
the possible presence of multiple mutations in the grlA, grIB and gyrA genes which
was previously reported in fluoroquinolone resistant MRSP [40]. MRSP still remain
susceptible to vancomycin and mupirocin, but resistance to rifampicin has already
been detected in several isolates from dogs treated with this antimicrobial [46], and
indicates the possibility of further acquisition or development of resistance. In ad-
dition, these drugs are used for the treatment or decolonization of MRSA infections
or therapy of tuberculosis in human medicine and their use in animals should be
avoided unless there is no alternative.

INVESTIGATION OF MRSP IN CROATIA

Methicillin-resistant Staphylococcus pseudintermedius was confirmed in Croatia
in 2008. Since then, the monitoring of MRSP is carried out in the Bacteriology La-
boratory of the Department of Microbiology and Infectious Diseases with Clinic,
Faculty of Veterinary Medicine, Zagreb. All isolates collected in a two year period,
from November 2008 to December 2010, were thoroughly analyzed by phenotypic
and molecular methods as a part of a doctoral dissertation [47]. In total, 32 isolates
were spa-typed and their susceptibility to antimicrobials determined using either
disk-diffusion and/or Etest. Resistance genes were detected by PCR. Preliminary re-
sults confirm the spread of a dominant European MRSP clone, spa type t02, in Croa-
tian dogs and cats. Types t05 and t06 were isolated only sporadically. MRSP isolates
from Croatia have similar resistance patterns and carry the same resistance genes
as European strains, although the susceptibility to tetracycline seems to be much
lower [48]. Croatian isolates are commonly resistant to gentamicin, enrofloxacin,
erythromycin, clindamycin, trimethoprim-sulfamethoxazol, and more than half of
them to chloramphenicol. The susceptibility is retained to amikacin, minocycline,
rifampicin, mupirocin, fucidic acid and vancomycin.

TREATMENT OF ANIMALS INFECTED WITH MRSP

The treatment of MRSP infections is a new challenge in veterinary medicine be-
cause of the very limited therapeutic options [23]. The multidrug-resistance pattern
results in a potential pressure for veterinarians to use antimicrobials licensed in
human medicine which requires careful evaluation of extra-label drug use in vete-
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rinary medicine [49]. This also raises ethical questions because the use of last resort
antimicrobials in veterinary medicine could lead to their ineffectiveness in human
medicine. In addition, there is a possibility of transfer of genetic material coding
for additional resistances to bacteria that infect humans. Current recommendations
for dealing with MRSP infections, brought by Committee for Medicinal Products
for Veterinary Use of the European Medicines Agency, are available online and are
periodically updated [50]. As the routine use of antimicrobials is a risk factor for
spread of MRSP, it is stated that the unnecessary use of antimicrobials should be
eliminated. Many MRSP infections are local, such as pyoderma, otitis externa or
post operative wound infections. In those cases the use of topical antibiotics or an-
tiseptics is advisable. Wound debridement and use of chlorhexidine or products
containing iodine is beneficial. A commercial ear antiseptic containing chlorhexi-
dine and Tris-EDTA showed good in vitro bactericidal activity against MRSP [51].
Systemic use of antimicrobials should be limited to deep seated infections, such
as osteomyelitis, septicemia or pneumonia, and urinary tract infections. Even in
these instances, the use of last resort antimicrobials should be avoided and limited
to selected cases where the disease is life threatening and alternative treatments
(including non-antimicrobial) have failed. Use of antimicrobials for decolonization
seems to be of limited value and should be avoided, because it can lead to further
development of resistance [49].

PREVENTION OF SPREAD BETWEEN DOGS AND CATS, AND THEIR
OWNERS

Methods for the prevention of transmission of MRSP between animals are simi-
lar to those developed for MRSA [52]. These include hygiene measures such as hand
disinfection and adequate wound management which will minimize the spread of
MRSP. Veterinary practitioners should have in mind that veterinary clinics are the
places very convenient for the transmission of MRSP and that proper cleaning and
disinfection of the contaminated environment will reduce the number of infective
organisms. Admission of animals with MRSA and MRSP infections to veterinary
clinic is of special concern. Known or suspected cases should be taken directly into
a consultation room to avoid contamination and contagion in the waiting room. The
floor, table and other contact surfaces should then be disinfected before they are
used for other patients.

The zoonotic potential of MRSP is much smaller than for MRSA. However, hu-
mans in close contact with infected animals seem to have a higher risk of being
MRSP-positive. Recent study has shown that approximately 4% of small animal der-
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matologists are colonized with MRSP. Therefore, veterinarians should be aware of
the zoonotic risk and possibility of acquiring a MRSP infection [53].
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Sazetak
Pojava i Sirenje meticilin-rezistentnih sojeva bakterije Staphylococcus pseudintermedius

Staphylococcus pseudintermedius najcesca je koagulaza-pozitivna vrsta stafilokoka u fizio-
loskoj mikroflori pasa i mataka. MoZze se izdvojiti iz nosnica, usne Supljine, anusa i koZze slabin-
skog i Ceonog podrucja zdravih pasa i macaka. Uvjetno je patogena bakterija i jedan od najce-
$cih uzrotnika upala koZze i zvukovoda. Meticilin-rezistentan Staphylococcus pseudintermedius
(MRSP) prvi je put izdvojen u Brazilu u kasnim devedesetima 20. stoljeca. Danas u populaciji
pasa i macaka prevladavaju dva klona. Dominantni europski klon ST71 pojavio se 2005. godi-
ne u Njemackoj i brzo prosirio po svijetu, dok klon ST78 prevladava u Sjevernoj Americi. Oba
su klona visestruko rezistentna na antimikrobne lijekove i jedan su od najvetih problema rezi-
stencije u veterinarskoj medicini. Izolati MRSP rezistentni su na sve beta-laktamske antibiotike,
aminoglikozide, fluorokinolone, makrolide, linkozamide, kombinaciju sulfametoksazola i trime-
toprima i vetina na kloramfenikol i tetraciklin. LijeCenje Zivotinja inficiranih sojevima MRSP-a
vrlo je zahtjevno zbog nedostatka djelotvornih antimikrobnih lijekova. Veterinari su cesto prisi-
lieni posegnuti za lijekovima registriranim iskljucivo za lijecenje ljudi, primjerice vankomicinom,
mupirocinom i rifampicinom, Sto otvara brojna eticka pitanja zbog opasnosti razvoja rezistencije
na te antibiotike. Opasnost od zaraze ljudi sojevima MRSP-a opcenito je manja u usporedbi s
MRSA-om. Veterinari su zbog rada sa Zivotinjama pod povecanim rizikom i trebaju biti svjesni
da postoji mogucnost kolonizacije nosnica takvim sojevima.

Kljuéne rijeci: meticilin; rezistencija; meticilin-rezistentan Staphylococcus pseudintermedius;
MRSP
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