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The presence and genetic characteristics of methicillin-resistant Staphylococcus pseudintermedius (MRSP) in Sri
Lanka was investigated to add additional insight into global spread, emergence and evolution of MRSP. A total of
234 samples from dogs visiting veterinary clinics were cultured for staphylococci and the genomes of the MRSP
isolates were sequenced, to identify resistance genes, the multilocus sequence types (MLST) and spa types. From
a questionnaire the history of antimicrobial treatment and patient information was obtained.
S. pseudintermedius was isolated from 116/229 samples, eight of these were MRSP. Six MRSP CC45 isolates
contained a pseudo-SCC element ΨSCCmec57395. Two isolates belonging to ST429 (CC761) and ST121 (CC121)
contained novel variants of the SCCmec Type V(T) element. The elements were designated SCCmecV(T)SL/066,
that carried additional transposon-related genes, and SCCmecV(T)SL/154 that carried a type III restrictionmodiﬁcation system, a type 7 ccr gene complex, and a cadA coding sequence. Thirty-seven percent of the dogs
received antimicrobial treatment at the time of sampling of which four dogs were MRSP-positive. The proportion
of MRSP among S. pseudintermedius is low compared to other countries, despite the fact that in Sri Lanka antimicrobials for treatment of dogs are available over the counter. Important is the ﬁnding of novel type V(T)
SCCmec elements, which further underlines the high recombination frequency of SCC elements. The
ΨSCCmec57395 was found in isolates of CC45, which is the only sequence type of MRSP known to contain this
pseudo-cassette.

1. Introduction
Staphylococcus pseudintermedius is a major opportunistic pathogen in
cats and dogs. It causes skin and soft tissue infections, otitis externa,
and wound infections after surgery (van Duijkeren et al., 2011). S.
pseudintermedius can be transmitted to humans, but S. pseudintermedius
in humans might be misdiagnosed as Staphylococcus aureus because they
share key biochemical characteristics such as the ability to produce
coagulase (Börjesson et al., 2015). As with S. aureus, S. pseudintermedius
can contain a mobile element called Staphylococcal Cassette Chromosome mec (SCCmec). A typical SCCmec cassette contains a recombinase
gene complex (ccr) and a mec gene complex, which contains the mecA
gene. Additional genes with a variety of functions can also be present,
such as transposons, IS-elements, restriction-modiﬁcation systems, and
resistance genes against metals (Ito et al., 2009). The mecA gene

encodes for an alternative penicillin-binding protein (PBP). This alternative protein has a lower aﬃnity for β-lactam antimicrobials than the
regular PBP. S. pseudintermedius strains that contain the mecA gene are
called methicillin-resistant S. pseudintermedius (MRSP). Strains of MRSP
are often resistant against multiple classes of antimicrobials (MDR),
which can make it a challenge to treat MRSP infections (Weese and van
Duijkeren, 2010).
MRSP has been found all over the world, but genetic types diﬀer
between geographical locations. For example, multilocus sequence type
(MLST) ST71 is the predominant type found in Northern Europe, while
ST68 is predominant in Northern America (Perreten et al., 2010) and
ST45 in Asia (Perreten et al., 2013). MRSP has been reported from
China (Feng et al., 2012), Thailand (Perreten et al., 2013), South Korea
(Yoon et al., 2010), Indonesia (Soedarmanto et al., 2011), and India
(Chitra et al., 2015). However, it is unknown if MRSP is also present in
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Clean Microbial DNA isolation kit (Mo-Bio, Carlsbad CA, U.S.A.) with
additional external lysis with achromopeptidase (Sigma Aldrich). MiSeq
sequencing (Illuminia, San Diego, California, USA) was performed at
the Utrecht Sequencing Facility (UMC Utrecht, the Hubrecht Institute
and Utrecht University, the Netherlands). Reads were assembled into a
scaﬀold genome consisting of contigs using SPAdes v3.1.1 (Bankevich
et al., 2012). Genome sequences were deposited in GenBank under
accession numbers listed in Table 2. Allele sequences for MLST were
extracted using BLASTN and the STs were identiﬁed as described previously (Solyman et al., 2013). Clonal Complexes were assigned using
the pubMLST Burst analysis (https://pubmlst.org). The sequences encoding protein A were also extracted using BLASTN and used for spatyping (Moodley et al., 2009). Acquired resistance genes were identiﬁed
using the ResFinder and CARD databases (accessed on August 2017)
(Jia et al., 2017; Zankari et al., 2012) The single nucleotide polymorphisms (SNPs) in the core genome sequences were compared using
parsnp v1.2 (19) and visualised using TreeViewX. The genome sequence of strain ED99 (GenBank accession CP002478) was used as a
reference.

Sri Lanka.
In Sri Lanka, there is no surveillance for antimicrobial resistance
among bacteria or antimicrobial usage and professional oversight for
antimicrobial use is often lacking in humans and animals. The aim of
this study was to obtain information about the molecular epidemiology
of MRSP associated with carriage and infections in dogs in Sri Lanka.
2. Materials and methods
2.1. Sampling
Samples were obtained in March 2014 from dogs attending veterinary clinics (primary healthcare clinics, private veterinary clinics, veterinary hospital, veterinary teaching hospital) in regions of Peradeniya
and Colombo in Sri Lanka. Samples were obtained from either skin
lesions (if present), the groin, or the ear using a dry swab (one swab per
dog). Approval for this study was obtained from the Ethics Committee
of the Faculty of Veterinary Medicine and Animal Science at the
University of Peradeniya, as discussed in their meeting on 28th
February 2014. For every dog a short questionnaire was ﬁlled in by the
veterinarian and the dog owner. The following parameters were recorded: name of the dog, age, sex, reason for visiting the veterinary
clinic, if the dog was on antimicrobial treatment at the time of sampling, and antimicrobials used for treatment. If the dog did not receive
antimicrobial treatment at the time of sampling it was asked when the
last antimicrobial treatment was applied.

2.4. Identiﬁcation of SCCmec elements in MRSP
Contigs associated with SCCmec were extracted from the genome
sequence and annotated using Prokka (Seemann, 2014). SCCmec-types
were assigned based on the presence of elements as described in the
guidelines (Ito et al., 2009), and aligned with the reference SCCmec
sequences using ACT v13.0.0. Only for isolate SL/154 the reads belonging to the SCCmec region could not be automatically combined into
one contig that spanned the entire SCCmec element. Therefore, the
contig order was conﬁrmed by primer walking and Sanger sequencing
from the mecA gene to maoC. Sanger sequencing reads were aligned
using BioNumerics v7.5 and had a read coverage between 4 and 8 x
using diﬀerent primer sets. Comparative analysis of the ﬁnal SCCmec
assemblies was performed using Geneious vs. 9.0.2 (Biomatters Ltd.,
NZ). A ﬁgure of SCCmec sequence comparisons using SCCmec type V(T)
(GenBank accession ERR175868) as reference, was produced using
EasyFig v2.2.2 (Sullivan et al., 2011).

2.2. Sample analysis
As described before, (Laarhoven et al., 2011) samples were cultured
overnight (O/N) in Mueller Hinton Broth (MH; Oxoid, the Netherlands)
with 6.5% NaCl on the day of sampling and subcultured on Colombia
agar with 5% sheep blood (BA) to isolate all S. pseudintermedius. Besides
plating on BA, the MH enrichment was also subcultured in Phenol Red
Mannitol broth (PMB; Oxoid) with aztreonam (75 mg/L) and ceftizoxime (5 mg/L), both from Sigma Aldrich, the Netherlands to select for
MRSP. After O/N incubation, PMB was also subcultured on BA. Colonies on BA (after MH and after PMB) that were suspected to be S.
pseudintermedius were subcultured on fresh BA and tested by Gram
stain, mannitol fermentation and coagulase tube test and stored at
−80 °C in nutrient broth (Oxoid) with 15% glycerol. Suspected isolates
were shipped to the Netherlands (frozen on dry ice) and conﬁrmed by
MALDI-TOF MS (Bruker, Germany) and mecA PCR (Francois et al.,
2003).

3. Results
A total of 234 dogs were sampled during a study in the regions of
Peradeniya (n = 217) and Colombo (n = 17) in 2014. Five of these
dogs were excluded due to lack of information. From dogs of 9 veterinary hospitals a total of 229 samples were obtained that were divided
in three groups: 39 dogs included for vaccination were considered as
healthy dogs, 190 dogs with clinical infections of which 16 could be
associated with S. pseudintermedius infections, based on their clinical
manifestations (Table 1). The mean and median age of the dogs were
38.8 and 24.0 months, respectively (ranging from 2 weeks to 14 years).

2.3. Whole genome sequencing
All isolates that were conﬁrmed as MRSP were genotyped using
whole genome sequencing (WGS). DNA was isolated with the Ultra
Table 2
Genotypic characteristics of the MRSP isolates.

Resistance genes
Strain numbers

MLST

spa type

SCCmec

GenBank Accession
No.

mecA

blaZ

aac(6′)-Ieaph(2”)-Ia

aph
(3′)-III

ant
(6)-Ia

sat-4

erm(B)

dfrG

tet(M)

cat(pC221)

14S02752-1
14S02760-1
14S02692-1
14S02708-1
14S02884-1
14S02826-1

ST
ST
ST
ST
ST
ST
ST
ST

t75
t09
t09
t09
t09
No spa
t06
t72

SCCmecV(T)SL/066
ΨSCCmec57395
ΨSCCmec57395
ΨSCCmec57395
ΨSCCmec57395
ΨSCCmec57395
SCCmecV(T)SL/154
ΨSCCmec57395

MQMO00000000
MQMP00000000
MQNB00000000
MQNC00000000
MQND00000000
MQNE00000000
MQNF00000000
MQNG00000000

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

−
+
+
+
+
+
+
+

+
+
+
+
+
–
+
+

+
+
+
+
+
+
+
+

−
+
+
+
+
+
+
+

14S02854-1

SL/066
SL/076
SL/085
SL/094
SL/114
SL/152
SL/154
SL/164

429
45
45
45
282
282
121
282

Antimicrobial resistance genes: aac(6′)-Ie-aph(2”)-Ia, aph(3′)-III, and ant(6)-Ia, aminoglycosides resistance; blaZ and mecA, beta-lactam resistance; sat-4, streptothricin resistance; tet(M),
tetracycline resistance; cat(pC221), chloramphenicol resistance; erm(B), macrolide resistance; dfrG, trimethoprim resistance.
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Table 1
S. pseudintermedius strains isolated from dogs in Sri Lanka.
veterinary hospitals (n = 9) patient
inclusion

no. samples

vaccination (healthy)
clinical

39
174

non-clinical potential MSSP/MRSP

16

Total

229

sources

no. MSSP

ear (n = 25), skin (n = 14)
ear (n = 67), skin (n = 98), skin lesions
(n = 9)
ear (n = 10), skin (n = 3), skin lesions
(n = 3)

% MSSP positive

no. MRSPa

% MRSP/
MSSP

% MRSP

pos

neg

21
85

18
89

53.8
48.9

0
7

0
8.2

0
4.0

10

6

62.5

1

10.0

6.25

116

113

50.7

8

7.6

3.5

MSSP; methicillin-susceptible S. pseudintermedius, MRSP; methicillin-resistant S. pseudintermedius.
a
The number of S. pseudintermedius strains that were MRSP.

All samples were processed on the day of collection and S. pseudintermedius was isolated from 116/229 (50.7%) samples, of which 8
isolates were MRSP in 3.5% of the samples (Table 1). No MRSP was
isolated from dogs that attended the hospitals for vaccination. From
these dogs 53.8% carried S. pseudintermedius. There were 16 dogs with
clinical symptoms that are often associated with S. pseudintermedius
infections (otitis, dermatitis or pyoderma or previously S. pseudintermedius positive). Of these dogs 10 were positive for S. pseudintermedius, of which one was MRSP. This number of isolated MSSP
was not signiﬁcantly diﬀerent from the number of MSSP isolated from
healthy dogs. The total proportion of MRSP among S. pseudintermedius
was 7.6%.
Fig. 1. Non-rooted neighbour-joining tree of the parsnp-comparison of MRSP genomes.
The genome of S. pseudintermedius strain ED99 was added as reference. The accession
numbers of the genomes are listed in Table 1.

3.1. Genetic characteristics of MRSP isolates
Whole genome sequencing of the eight MRSP isolates showed that
six isolates belonged to CC45 with ST45 and ST282 (a single locus
variant of ST45 with one nucleotide diﬀerence in the tuf gene) (Duim
et al., 2016; McCarthy et al., 2015). Of these isolates, three ST45 isolates and one ST282 belonged to spa-type t09, one ST282 isolate belonged to spa-type t72, which is similar to t09 but lacks the −13-03repeats and for one ST282 isolate no spa-type could be assigned because
the sequence was not present in the genome sequence (Table 2). The
remaining two strains belonged to ST121 (CC121) and ST429 (CC761)
with spa-types t06 and t75 respectively. Spa-type t75 is similar to t06,
except for an insert with additional −[03]4-34- repeats. The parsnpanalysis of the core genomes corroborated the results of the MLST, as
displayed in Fig. 1, the core genome of the ST45-isolates were highly
similar, with the ST282-isolates (CC45) as nearest neighbours.
All isolates contained genes encoding antimicrobial resistance to
multiple classes of antimicrobials. All the isolates carried aac(6′)-Ie-aph
(2”)-Ia, aph(3′)-III, and ant(6)-Ia genes encoding resistance to aminoglycosides; blaZ and mecA encoding resistance against beta-lactams;
tet(M) encoding resistance against tetracyclines; and sat-4 involved in
streptothricin resistance. The genes cat(pC221), encoding resistance
against chloramphenicol; and erm(B), encoding resistance against
macrolides, lincosamides and streptogramin B antimicrobials, were
detected in all isolates except strain SL/066. The dfrG gene encoding
resistance to trimethoprim was detected in all isolates except in strain
SL/152 (Table 2).

shared the highest homology with the sequence of the SCCmec Type V
(T) element described for MRSP strain 23929 from Ireland (McCarthy
et al., 2015). This Type V(T) element of 56,986 bp carried a type II
restriction-modiﬁcation system, CRISPR-cas complex, two ccrC8 genes,
and a class C2 mec gene complex. The structures of the identiﬁed
SCCmec elements were highly similar to this element as shown in Fig. 2.
The nucleotide sequences at the left and right chromosomal junctions of
all three elements were similar and were demarcated by direct repeats.
At the left the integration site sequence of the SCCmec element was
downstream of orfX, and at the right end the elements were demarcated
by direct repeats upstream of CRISPR-cas sequences and two genes
encoding hypothetical proteins (Fig. 2). The SCCmec element of isolate
SL/154 was 57,051 bp in size and contained directly downstream of the
OrfX integration site, a type III restriction modiﬁcation system, a ccr
gene complex consisting of ccrA1 and ccrB6 (ccr gene complex 7) and
carried a cadA gene. Although the right end of the sequence carrying
the CRISPR-cas region was highly similar to the SCCmec type V(T)
element, a reverse transcriptase gene was inserted in the maoC gene,
located 1618 bp upstream of mecA (Fig. 2). This SCCmec type was designated SCCmec Type V(T)SL/154. The SCCmec element of strain SL/066
contained between orfX and the mecA gene open reading frames of
hypothetical proteins and coding sequences of transposon-related genes
of which the sequence had 85% similarity to the insertion sequence,
ISSau5, which has been identiﬁed in MRSA252 (Holden et al., 2004)
(Fig. 2). This sequence in the element of strain SL/066 also showed
100% similarity with an insertion sequence in the genome of an S.
pseudintermedius isolate from a dog in Tennessee in the United States,
but this sequence was not annotated and was not ﬂanked by genes related to an SCCmec element (GenBank accession CP015626.1). The
right end of the SCCmec element of strain SL/066 was, just as the element of strain SL/154, highly similar to the sequence of the SCCmec V
(T) element. This cassette of MRSP strain SL/066 was designated
SCCmec V(T)SL/066.

3.2. Distribution of SCCmec elements and identiﬁcation of novel variants
The MRSP CC45 isolates (SL/076, SL/085, SL/094, SL/114, SL/152,
and SL/164) contained the pseudo-SCCmec element ΨSCCmec57395,
which was previously described in MRSP isolates from Thailand and
Israel (Perreten et al., 2013). This SCCmec element contains a class C1
mec gene complex (mecA gene and two IS431 elements in the same
direction), cadmium, arsenic, and copper resistance genes, but no ccr
genes.
Isolates SL/066 and SL/154 contained novel SCCmec variants that
138
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Fig. 2. Organization of the SCCmec type V(T) elements in S. pseudintermedius. Comparison of the SCCmec type V (T) elements of S. pseudintermedius isolate 23929 (ERR175868), isolate SL/
154, and isolate SL/066. Sequence identity (homology) is indicated by a colour scale from dark grey (100% identity) to light grey (67% identity) is displayed in the bottom-right corner.
MecA is indicated in red; IS431 is shown in yellow, the colour coding of other gene groups is shown in the ﬁgure. The ﬁgure was drawn using EasyFig. (For interpretation of the references
to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

sampling, 12 were treated in the six months prior to sampling, one dog
was never treated and of 107 dogs it was unknown if they received
antimicrobial treatment. However, the data on treatment were insuﬃcient to explore the association between the presence of MRSP and
the use of antimicrobials.

3.3. Antimicrobial use in dogs
At the time of sampling 82/229 (35.8%) dogs received antimicrobial treatment, 156/229 (62%) received no treatment at the time
of sampling. Most dogs received a combination of ceftriaxone and
metronidazole at the time of sampling (26/82) (Table 3).
Of the 156 dogs that received no antimicrobial treatment at the day
of sampling, 22 received their last treatment more than a year prior to
sampling, 14 were treated between six months and a year before

4. Discussion
Identiﬁcation of MRSP in dogs in Sri Lanka and the genetic

Table 3
Antimicrobial use at the time of sampling and previous.
Dogs

No. MSSP positive

No. MSSP negative

No. MRSP positive

Antimicrobial combination

No. Treated

carriage/ clinical

carriage/ clinical

carriage/ clinical

amoxicillin
amoxicillin + clavulanic acid
amoxicillin and enroﬂoxacin (topical)
ampicillin
cefrimenzole
ceftriaxone
ceftriaxone and metronidazole
ceftriaxone and oxytetracycline
cephalexin
ciproﬂoxacin
clindamycin, metronidazole and doxycycline
cloxacillin
cotrimoxazole
doxycycline
doxycycline and cefuroxime
metronidazole
metronidazole and trimethoprim-sulfamethoxazole
oxytetracycline
No antimicrobial treatment at the time of sampling

4
5
1
1
4
10
26
3
3
1
1
2
2
2
1
3
1
3
156

2/0
3/0
0/1
–
1/0
3/0
1/13
–
–
1/0
–
0/2
1/0
1/1
–
–
1/0
1/0
6/78

2/0
2/0
–
1/0
0/3
2/5
0/12
3/0
3/0
–
1/0
–
1/0
–
1/0
3/0
–
2/0
0/72

–
–
0/1
–
–
–
0/1
–
–
–
–
0/1

Previous treatment > 1 year
Previous treatment > 6 months
Previous treatment < 6 months
No treatment
Unknown previous treatments

22
14
12
1
107

139

0/1
–
–
–
–
0/4
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to other STs (Duim et al., 2016; Perreten et al., 2010). In addition, 7
strains in Sri Lanka carried the trimethoprim resistance gene dfrG, the
macrolide resistance gene erm(B), or the chloramphenicol resistance
gene cat(pC221). These resistance genes have also been detected in
strains from Thailand and China (Chanchaithong et al., 2014; Feng
et al., 2012; Perreten et al., 2013). These studies included isolates from
healthy and diseased dogs similar as the studied Sri Lankan isolates, but
our study showed that most of the dogs that were considered healthy,
carried MSSP but no MRSP. The proportion of MRSP among S. pseudintermedius isolates was 7.6%, which is similar to the long-term proportion of around 7% that has been identiﬁed in the Netherlands in
recent years (Duim et al., 2016). However, in Finland a proportion of
11.5% was found in screening dogs in 2015 (Grönthal et al., 2017), and
in a study among dogs visiting a Japanese Veterinary Clinic an MRSP
prevalence of 30% was found (Sasaki et al., 2007). As in our study only
one swab per dog was analysed, is it possible that the identiﬁed MRSP
proportion in Sri Lanka may be underestimated. Furthermore, may the
diﬀerences in MRSP proportion reﬂect geographical diﬀerences, but
may also result from diﬀerences in the study population, as MRSP is
recognized as nosocomial pathogen in veterinary clinics. It anyhow
underlines that multidrug-resistant MRSP strains disseminate worldwide.
Of the dogs 35.8% received antimicrobial treatment at the time of
sampling. Many dogs were treated with ceftriaxone, a drug that should
be administered parenterally for several days. It most likely was used
for treatment of an outbreak with diarrhoea (personnel communication), that might have been the reason for visiting the clinic on the day
of sampling. The other antimicrobials that were frequently used was a
combination of ceftriaxone and metronidazole. In a study in the United
Kingdom 45.1% of 34,928 dogs visiting 11 veterinary clinics left with a
prescription for antimicrobials, but no data was available on how many
animals were already on antimicrobial treatment before they attended
the clinic (Mateus et al., 2011). Documentation about antimicrobial
usage and general ﬁgures on antimicrobial resistance in companion
animals in Sri Lanka are unfortunately not available, but our study
showed that use of antimicrobials for treatment of dogs in Sri Lanka was
high. In human medicine there is concern about the high level of antimicrobial resistance in Sri Lanka (Chandrasiri et al., 2013) and given
the high use of antimicrobials for treatment of dogs, is monitoring of
resistances important.
In conclusion, MRSP is present in dogs in Sri Lanka. We observed
clonal dissemination of isolates belonging to CC45 carrying the pseudoSCCmec element ΨSCCmec57395, and identiﬁed novel variants of the
SCCmec V(T) elements in two strains with unrelated STs. This provides
further evidence for the ongoing diversiﬁcation of MRSP by recombination in the SCCmec element.

characteristics of isolates supports the understanding of the spread of
successful resistant clones. In this study six of the eight identiﬁed MRSP
isolates belonged to CC45. This clonal complex is a successful clone in
Asia, of which strains have been shown to carry the pseudo-SCCmec
element ΨSCCmec57395 (Perreten et al., 2013). The CC45 isolates from
Sri Lanka were all carrying this pseudo-SCCmec element, that could
suggest that the isolates carrying this element arose from a common
ancestor, and may have been introduced in Sri Lanka from other
countries. From the clonal distribution of CC45 ΨSCCmec57395 it seems
unlikely that strains evolved independently in Sri Lanka through horizontal transfer and recombination. Introduction of strains from other
countries seems plausible and is in accordance with the hypothesis
described by Perreten et al. Analysis of SNPs in the core genome
showed that four CC45 isolates contain identical polymorphisms, and
that two CC45 isolates contained more SNPs that diverged them into a
diﬀerent sequence type (ST282) with divergent spa-types (t72 and no
spa-type) (Fig. 1). Strains without spa gene have been described before
in South China (Feng et al., 2012), the Netherlands (Laarhoven et al.,
2011), Israel and Thailand (Perreten et al., 2013). The two dogs from
which these isolates were recovered were from diﬀerent towns, so it is
unlikely that they both have a recent common source for this strain, and
is it likely that these isolates diverged from ST45 after the integration of
ΨSCCmec57395. Unfortunately are genome sequences of CC45 S. pseudintermedius strains from other countries not available for accurate estimation of the evolution and dissemination of MRSP CC45.
Characterisation of the SCCmec elements showed two novel variants
of the SCCmec V(T) element. This element was originally described in
community-associated methicillin-resistant S. aureus (CA-MRSA) from
Taiwan (now designated SCCmec type VII in S. aureus) and is characterized by a class C2 mec gene complex ﬂanked with two copies of
IS341 elements and a ccrC gene complex (Boyle-Vavra et al., 2005;
Takano et al., 2008). In S. pseudintermedius the SCCmec type V(T) element has been identiﬁed in isolates from dogs in the USA and Ireland
(Black et al., 2009; McCarthy et al., 2015). In contrast to the SCCmec
type V(T) and type V(5C2&5) in MRSA, that often carry other resistance
genes and genes related to the detoxiﬁcation of heavy metals, the
SCCmec type V(T) in MRSP carries a CRISPR-cas region (Li et al., 2011;
McCarthy et al., 2015). At the time of writing only ﬁve SCCmec elements were identiﬁed in MRSP, but variants unique to this species have
been identiﬁed (Chanchaithong et al., 2016). Isolate SL/154 contained
a SCCmec V(T) related element with an additional sequence that resembles an SCC element containing a ccr gene complex, but without a
mec gene complex (Fig. 2). This may suggest the integration of an SCC
element within another SCC element, which has been described before
in S. aureus (Jansen et al., 2006). This additional sequence in the element of isolate SL/154 contained a type 7 ccr gene complex, which has
been described in SCCmec type X (Li et al., 2011). Although the type X
element also contains a cadmium-resistance gene downstream of the ccr
gene complex, this is a cadD resistance gene, while the cadmium resistance gene in isolate SL/154 is a cadA gene (Crupper et al., 1999;
Nucifora et al., 1989). Upstream of the ccr gene complex, the SCCmec
Type X has the mec gene complex and arsenic resistance genes, which
are both not present in the inserted sequence in SL/154. This suggests
that the insert in isolate SL/154 is not an insert of a mecA-lacking
SCCmec type X, but rather suggest the integration of a combined sequence, or a yet unknown cassette variant. It would require ﬁnding
additional variants similar to this SCC to elucidate the origin of this
recombinant sequence.
All the MRSP isolates from dogs in Sri Lanka carried multiple resistance genes. The beta-lactam resistance gene mecA, the aminoglycoside resistance genes aac(6′)-Ie-aph(2”)-Ia, aph(3′)-II and ant(6)-Ia,
the streptothricin resistance gene sat-4, and the tetracycline resistance
gene tet(M) were present in all strains. This is a common resistance gene
proﬁle in CC45 MRSP isolates in Thailand and China (Chanchaithong
et al., 2014; Feng et al., 2012; Perreten et al., 2013), but is also common
in Europe and North America, in CC45 strains and in strains belonging
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