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Abstract Staphylococcus pseudintermedius (SP) is the
major pathogen incriminated in the skin infections of dog.
Identification of SP requires molecular methods. The
incidence of methicillin resistant SP (MRSP) is increasing
worldwide and it is a growing concern in treating pet
animals. The prevalence of SP and MRSP from skin
infections of dog in India has not been studied previously.
Hence, the present study was aimed to isolate SP from
common skin infections of dog in Chennai, India and to
characterize these isolates. A total of 53 SP organisms were
isolated from 91 samples of skin infection accounting for
59 % of isolation rate. Labrador was a major breed from
which isolation was made. Panton—Valentine leucotoxin
(Luk-I) and S. intermedius exfoliative toxin (sief) genes
were detected in all SP isolates but staphylococcal protein
A homologue (spsQ) gene was detected only in 36 % of the
SP isolates. Out of 53 isolates, 17 % were found to be
strong and 19 % to be moderate producers of biofilm and
28 % were classified as MRSP due to possession of the
mecA gene. Most isolates were sensitive to tetracycline and
ciprofloxacin and least sensitive to erythromycin and
trimethoprim/sulphamethaxazole. The authors first time
reported the isolation of MRSP, characterization of SP
isolates by detecting virulence genes, biofilm forming
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Introduction

Bacterial pyoderma and otitis are the most common der-
matological problems encountered in small animal clinical
practice. Staphylococcus sp. is predominantly incriminated
in canine skin disease. Among them, coagulase positive
Staphylococcus pseudintermedius (SP) is the most impor-
tant opportunistic commensal pathogen in dogs. SP is a
normal inhabitant of skin and mucosal surface of dogs and
is commonly obtained from the nares, mouth, groin, axilla
and perianal areas [1]. SP is a leading cause of skin and ear
infections and it also causes infections of other body tissues
and cavities, post-operative wound infections, urinary tract
infections and necrotizing faciitis in dogs and cats [2]. SP
was first described in 2005 by Devriese [3]. It has been
categorized under Staphylococcus intermedius group (SIG)
which includes S.intermedius, S.pseudintermedius and
S.delphini as they could not be differentiated phenotypi-
cally. SP can be differentiated from other members bio-
chemically [4] but there is no phenotypic marker. Hence,
molecular methods such as PCR-RFLP [5, 6], MALDI-
TOF MS [7] and multiplex PCR [8] are required for species
differentiation. PFGE [9], MLST [9], Spa typing [10] and
SCCmec [11] are used for strain typing. Incidence of
methicillin resistant SP (MRSP) is increasing worldwide
but prevalence differs in various geographical locations.
Colonization by SP isolates on the skin of dog owners,
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veterinarians and attending staff has been reported [12].
Moreover, cases of human infections caused by SP have
been increasing due to the available molecular methods to
identify SP in diagnostic/academic laboratories [13]. As
there is no previous study on the isolation and characteri-
zation of SP isolates from India, the present study was
attempted to determine the prevalence of SP from skin
infections of dogs in Chennai, India, to identify MRSP and
to detect their virulence genes and antimicrobial
susceptibility.

Material and Methods
Bacteria Isolation and Identification

Samples were collected between February 2013 and
February 2014 from dogs with skin infections, brought to
the Dermatology Unit of Teaching Veterinary Clinical
Complex, Madras Veterinary College, Chennai. Isolation
and identification of S. pseudintermedius isolates was done
as described previously [14].

Detection of Virulence Genes

Virulence factor genes such as S. intermedius exfoliative
toxin (siet), Panton Valentine-like toxins (LukS-I and
LukF-I) and staphylococcal protein A homologue (SpsQ)
were detected by PCR using primers and conditions as
given in the Table 1. PCR was performed in a reaction
volume of 10 pl containing approximately 100-150 ng of
genomic DNA, 5 pmol of each primer and 2 x master mix
(Ampligon, Denmark). Cycling conditions were 94 °C for
3 min, followed by 30 cycles of denaturation at 94 °C for
30 s, annealing at 55/60 °C for 30 s, extension at 72 °C for
30 s and a final extension cycle of 5 min at 72 °C. PCR
products were loaded on a 2 % agarose gel for elec-
trophoresis, visualized with ethidium bromide and
documented.

Antimicrobial Susceptibility Test

Antimicrobial susceptibility testing was performed by disk
diffusion method on Mueller—Hinton agar and isolates were
classified as sensitive, intermediate and resistant based on
recommendations of CLSI document M100-S21 (M2) [15].
Ampicillin (10 pg), cephotaxime (30 pg), ciprofloxacin
(5 pg), erythromycin (15 pg), oxacillin (1 pg), tetracycline
(30 ng), trimethoprime  (1.25 pg)/sulphamethaxazole
(23.75 pg) antimicrobial discs used in the present study
were procured from HiMedia Pvt Ltd, India.

Biofilm Formation

Biofilm formation was carried out as per the method described
by Hassan et al. [16] using a quantitative spectrophotometric
microliter plate assay. The interpretation of biofilm produc-
tion was done based on the OD value as given below:

OD of isolate < OD of control (ODc) = No biofilm
formation; ODc < OD of isolate = Weak biofilm forma-
tion; 2x ODc < OD of isolate = Moderate biofilm forma-
tion; 4x ODc < OD of isolate = High biofilm formation.

Results and Discussion
Prevalence of S. pseudintermedius Isolates

A total of 91 samples were collected between February
2013 and February 2014 from various skin infections of
dogs of different breeds, age and sex. SP was isolated from
53 (59 %) animals. The major breed from which SP was
isolated was Labrador (30 %) followed by mixed breed
dogs (21 %), Pug (11 %), Spitz (11 %), German Shepherd
(9 %) and 17 % of other breeds. A higher rate of isolation
of SP have been reported in pyoderma cases from Japan
(76 % in 2009) [17], Germany (76 %) [18] and south
Korea (61 %) [19]. An almost similar rate of isolation of
52 % from both diseased and healthy dogs was noticed in

Table 1 Primers used in this study along with amplicon size, annealing temperature and references

S. no. Primer name Sequences (5'-3") Amplicon size (bp) Annealing temperature (°C) References

1 SIspa F-AACCTGCGCCAAGTTTCGATGAAG 820 55 [10]
R-CGTGGTTTGCTTTAGCTTCTTGGC

2 Luk S F-CCTGTCTATGCCGCTAATCAA 572 55 [20]
R- AGGTCATGGAAGCTATCTCGA

3 Luk F F-TTGGAAGTTACCGCCAACA 300 55 This study
R-AGCAGAAAATGGGGCGTT

4 siet F-TGCGGGTCCTCAATCTTTAAC 465 60 This study

R-CTTTCAACTCTGCACGCAATC
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Poland [21] and 55 % from healthy dogs in Tunisia [22].
However, a lower isolation rate was observed with 40 % in
Guide dog school in Finland [23], 16 % from healthy and
diseased dogs in south China [24] and 26.5 % from pyo-
derma cases in north China [25].

Generally, pyoderma caused by SP is either simple
infection or complex infection that is associated with
underlying disease such as allergies (flea allergy, atopic
dermatitis, food allergy), internal disease (hypothyroidism
or hyperadrenocortism), seborrhoeic conditions (folli-
culitis) or parasitic disease (demodicosis). In the present
study, 25 isolates were from dogs with simple pyoderma
and others with complex pyoderma. Ten dogs were
infected with demodicosis, 5 dogs each with otitis and
allergy and 4 dogs each with other parasitic infection and
other causes.

Age did not significantly influence skin infection caused
by SP. Prevalence of SP infection was 40 % in dogs less
than 1 year old, 32 % in dogs 2—4 years old and 28 % in
dogs more than 4 years old. SP isolates obtained from
females (66 %) were twice than that of males (34 %). A
similar higher incidence of nasal colonization of S.aureus
in females than male dogs was observed in Hong Kong
[26]. In another study in USA, no difference in the sus-
ceptibility to infection caused by SP among male and
female dogs was noticed [27]. The rate of colonization of S.
aureus in humans was reported more in males than females
in Bangalore city [28] and Andhra Pradesh [29] in India;
whereas, the prevalence of MRSA was found to be higher
in females than that of males in Agra [30] and Himachal
Pradesh [31] in India. Hence, these results of the previous
studies on SP or S. aureus colonization/infection in humans
and dogs have been variable in regards to age or sex
predilection and there is no conclusive evidence.

S. intermedius Exfoliative Toxin (SIET)

All the S. pseudintermedius isolates possessed the S.
intermedius exfoliative toxin (sief) gene and this result
corroborates with the studies of canine SP isolates of Korea
[32], Poland [21] and Tunisia [22]. Dogs injected with
purified SIET develop clinical signs such as erythema,
exfoliation and crusting, which are signs of canine pyo-
derma [33]. S. aureus exfoliative toxins are extremely
specific serine proteases and function as ‘molecular scis-
sors’ during skin infection and cleave desmosomal cad-
herins only in the superficial layers of the skin, which is
directly responsible for the clinical manifestation of
staphylococcal scalded skin syndrome in human. Recent
reports demonstrated that 3—4 % of methicillin sensitive S.
aureus (MSSA) strains carry the eta or etb gene [34, 35],
whereas around 10 % of methicillin resistant S. aureus
(MRSA) are eta positive [35]. However, the significance of

all SP strains isolated from both healthy and diseased cases
possessing siet gene is not known.

Panton and Valentine Leucocidin (PVL) Like Toxin
(Luk-I)

Panton and valentine leucocidin (PVL) found in certain
strains of S. aureus is a bicomponent—LukS-PV and LukF-
PV, pore forming leukotoxin that causes leukocyte
destruction and tissue necrosis. A similar bicomponent
leukotoxin Luk-I, encoded by two genes, [ukS/F, was also
detected in SP and toxins were found to be cytotoxic to
various polymorphonuclear cells, monocytes and macro-
phages [20]. All the SP isolates characterized in the present
study possessed Luk-I genes. Other studies involving SP
isolates from both healthy and diseased dogs were also
positive for Luk S/F genes [21, 22, 36, 37]. The clinical
sequelae of PVL-positive S. aureus infections tend to be
more severe than PVL-negative S. aureus [38]. However,
such clarity could not be established in SP isolates as it is
present in both healthy and diseased dogs. Studies to detect
S. aureus PVL gene in SP isolates from diseased dogs in
Switzerland [39] and in Belgium [40] revealed that none of
the SP isolates were PVL- positive.

Staphylococcal Protein A Homologue (spsQ)

Staphylococcal protein A homologue gene (spsQ) was
detected in 19 (36 %) of the isolates and among them, 8
isolates were MRSP. A higher prevalence of protein A
homologue and Clumping Factor of 54.5 % canine S.
intermedius strains was observed on latex agglutination test
in Japan [41]. However, a lower prevalence of 14.2 % SP
isolates from infected dogs and 1.4 % from healthy dogs of
Poland was reported for protein A by dot blot assay [21].
These SP isolates from dogs of Poland were also charac-
terized for siet, Luk-I, thermonuclease and agr virulence
genes by PCR. Protein A was the only phenotypic
pathogenicity factor that distinguished infected and non-
infected dogs in their study and it has unambiguously been
confirmed that the strains from infected dogs synthesize
protein A markedly and more frequently than those from
healthy dogs. In the present study, SP from healthy dogs
was not studied. Staphylococcal protein A is a cell wall
anchored surface protein with four or five domains that
each can bind to the Fc region of IgG. The interaction
between protein A and IgG coats the surface of the cell
with IgG molecules that cannot be recognized by the
neutrophil Fc receptor and activates the complement by the
classical pathway as a result of incorrect orientation. The
study explains the anti-phagocytic effect of protein A
in vitro and for that reason it is considered a virulence
factor in several models of animal infection.
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In S. aureus, staphylococcal protein A is encoded by spa
gene where as in SP, two orthologues of spsA—spsP and
spsQ were detected [42]. In that study, the prevalence of
spsP and spsQ were tested in 20 SP isolates and it was
found that spsQ was present in 12/20 strains whereas spsP
was present only in 8/20 isolates which also possessed
spsQ orthologues. In the present study, primers originally
designed to target spsQ were used and further studies are
required to understand the prevalence of spsP orthologue
and typing of SP isolates of Indian origin. The significance
of possessing two orthologues of protein A in SP and its
relevance in pathophysiology of SP colonization and
infection in dogs need to be investigated. The Xr repeat
region spa is widely used to type S.aureus strains for epi-
demiological analysis and the same technique was adapted
to type SP isolates by targeting the Xr repeat region of

spsQ [10].
Biofilm Formation

The majority of S. pseudintermedius isolates evaluated in
the present study were either weak (30 %, 16/53) or had no
ability (34 %, 18/53) to produce biofilm, with only 17 %
(9/53) being classified as strong and 19 % (10/53) as
moderate biofilm producers. There was no difference
between MRSP and MSSP isolates in biofilm formation.
However, the number of MRSP isolates evaluated in the
study was relatively less. In a Norwegian study [43], all 23
MRSP isolates analyzed produced biofilm and belonged to
sequence type (ST) 71, producing significantly more bio-
film as compared to other STs. Similarly, all 20 MRSP
isolates evaluated by Dicicco et al. [44] formed biofilm and
also reported that clarithromycin was ineffective in eradi-
cating MRSP biofilm at therapeutic doses. Out of 140 SP
isolates from dogs in Canada and United States, 96 % were
able to produce biofilm and the biofilm production was not
significantly different amongst isolates from clinical
infections as compared to isolates obtained from colonized
dogs [45]. Biofilm production by S. pseudintermedius plays
an important role in the pathophysiology of disease and in

potential colonization. It could be a contributing factor in
the rapid and worldwide emergence of MRSP [11].

Antimicrobial Susceptibility

Among the 53 SP isolates, 15 isolates (28 %) were con-
firmed to be methicillin resistant S. pseudintermedius
(MRSP) with the detection of mecA gene. MRSP was first
reported in 2005 and since then more isolates of MRSP
have been isolated from various countries with differing
prevalence rate. The prevalence of MRSP identified in the
present study is comparatively lesser than those reported
from south China (48 %) [24], north China (44 %) [25] and
USA (63.3 %) [46]. However, the prevalence of MRSP
varies significantly between regions, as it was observed to
be 21 % in Italy [47], 18 % in Korea [19], 11.4 % in Japan
[17], 4.6 and 20 % in dogs with various clinical conditions
and bitches with different reproductive disorders in
Lithuania [48], 7.5 % in Croatia [36], 7.4 % in Germany
[18], and no methicillin resistance was detected in SP
isolates from canine pyoderma cases in West Indies [49].
In the present study, one mecA negative SP isolate was
found to be resistant to oxacillin (Table 2). A similar
observation of mecA negative oxacillin resistant SP isolates
was reported by Feng et al. [24] and Kang et al. [50].
Hawraa et al. [51] and Elhassan et al. [52] also reported
mecA-negative oxacillin resistant staphylococci. The first
MRSA strain encoding a divergent mecA gene (now des-
ignated as mecC) was discovered from bovine mastitis milk
sample and it has also been found in animal and human
isolates [53]. The presence of mecC gene was not evaluated
in the isolated SP organisms used in the present study.
However, these findings provided clear evidence that there
are mechanisms other than the presence of mecA gene
responsible for methicillin resistance. Hence, it is highly
recommended to use both phenotypical traditional Kirby-
Bauer method and genotypic mecA and mecC detection by
PCR to identify methicillin resistant staphylococci.
Among other tested antimicrobials, SP isolates were
most susceptible to tetracycline (60 %), ciprofloxacin

Table 2 Susceptibility pattern of S.pseudintermedius isolates against various antimicrobial agents

S. no. Antimicrobial agents No. of isolates (N = 53)
Sensitive (%) Intermediate (%) Resistant (%)

1. Oxacillin 30 (56.58) 7 (13.20) 16 (30.18)
2. Ciprofloxacin 27 (50.94) 12 (22.64) 14 (26.42)
3. Tetracycline 32 (60.35 10 (18.86) 11 (20.75)
4. Cefotaxime 21 (39.61) 18 (33.95) 14 (26.40)
5. Ampicillin 18 (33.95) 11 (20.75) 24 (45.26)
6. Erythromycin 11 (20.75) 26 (49.04) 16 (30.18)
7. Trimethoprim/sulphamethaxazole 14 (26.40) 23 (43.39) 16 (30.18)
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(51 %) and cefotaxime (39 %) and least sensitive to ery-
thromycin (21 %) and trimethoprim/sulphamethoxazole
(26 %). Feng et al. [24] reported that more than 70 % of
the SP isolates from south China were resistant to ery-
thromycin, trimethoprim and penicillin and >50 % isolates
were resistant to ciprofloxacin and enrofloxacin. Out of 74
SP isolates from Korea, the highest antibiotic resistance
was observed towards penicillin, tetracycline, trimethoprim
and erythromycin [18]. More than 60 % of the SP isolates
from Japan in 2009 were found to be resistant to ampicillin
and >40 % of the isolates were resistant to kanamycin,
tetracycline, enrofloxacin and ofloxacin and only 27 % of
the isolates were resistant to erythromycin [16]. Antimi-
crobial susceptibility study of 106 SP isolates from Croatia
revealed that the resistance was more to ampicillin (78 %)
followed by kanamycin (42 %), tetracycline (37.7 %),
erythromycin (37.7 %), clindamycin (32 %) and chloram-
phenicol (26.4 %) [20]. Differences in geographical
locality, investigation period, method of antimicrobial
susceptibility test carried out, variation in the treatment of
choice with available antimicrobial drugs in the pertinent
country might be the possible reasons for the variations in
the reported resistance rate to different antimicrobials.

The present study is the first comprehensive investiga-
tion on the isolation of SP and detection of various viru-
lence genes, biofilm forming ability and antimicrobial
susceptibility in Indian SP isolates. Further research is
required to understand the prevalent type of SP in this
geographical region and genetic background of resistance
profile for antimicrobials.

Conclusion

The present study revealed the moderate prevalence of
MRSP in dogs in India. Among the virulence factors
evaluated, SP isolates differed in the presence of staphy-
lococcal protein A homologue gene and biofilm forming
ability. But, there was no difference in these factors
between SP and MRSP isolates of India. Characterization
of other potential virulence factors and the zoonotic
capability of this organism to the populations should be
ascertained and the public should be educated in how to
handle pet dogs and cats that may have staphylococcal
infections.
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