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1. Introduction
Coagulase-positive Staphylococcus aureus and 
Staphylococcus pseudintermedius are clinically important 
members of staphylococci in veterinary medicine (1). 
These agents have the ability to develop resistance to 
antimicrobials such as methicillin. This is particularly 
important, because methicillin resistance is conferred 
by different mechanisms and is considered a marker of 
resistance for other beta lactams. Methicillin resistance is 
related to the presence of the mecA gene encoding an altered 
penicillin binding protein (PBP2a) with low affinity for all 
beta lactams. The mecA gene is located on a staphylococcal 
chromosomal cassette (SCC). Other genes regulating mecA 
expression also reside on SCCmec (2). mecA expression is 
also regulated by various other S. aureus genes such as fem 
and aux (3). Methicillin resistance may be mediated by the 
blaZ gene encoding beta lactamase. This gene is located on 
a transposon, Tn552, and it has regulatory genes that are 
similar to mecA (2).

Methicillin-resistant S. aureus (MRSA) and 
methicillin-resistant S. pseudintermedius (MRSP) have 
become a significant problem both in veterinary and 
human medicine (1). While humans are considered to 

be the preferential host for S. aureus, this bacterium 
adapts specifically to different animal hosts by genetically 
determined mechanisms. As molecular analysis has shown 
that the MRSA strains isolated from pets and their owners 
living in the same household were indistinguishable, it has 
been considered that there is a chance of transmission of 
the strains between the animals and their owners. Both 
humans and pets may be considered to act as reservoirs of 
MRSA circulating in their environment. Unlike S. aureus, 
S. pseudintermedius colonization is rare in humans. 
However, in several cases, zoonotic transmission of MRSP 
between dogs and humans has been reported (1).

Several virulence factors are effective in the 
pathogenesis of S. aureus and S. pseudintermedius 
infections. The pathogenesis of S. pseudintermedius has 
recently been investigated and there is scant information 
about determinants such as coagulase and protein A, 
which are actually well-known virulence factors of S. 
aureus (4).

In the present study, methicillin resistance and 
characterization of the genotypic characteristics in 
staphylococci isolated from dogs and their owners were 
investigated.
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2. Materials and methods
2.1. Sampling
A total of 132 swab samples from 33 healthy dogs and their 
owners (only one person for each dog) were obtained at the 
Veterinary Hospital of Ondokuz Mayıs University. While 
swabs from the dogs were taken from the nasal mucosa, 
dorsum nasi, and perineum, nasal mucosa samples were 
taken from the owners. 
2.2. Isolation and identification of staphylococci
Swabs were inoculated onto blood agar (with 5% sheep 
blood) and Mueller Hinton agar (with 4% NaCl and 
6 mg/L oxacillin) and incubated at 37 °C for 24 h. 
After incubation suspected colonies were identified as 
Staphylococcus spp. phenotypically (5). Species-specific 
identifications of isolates were performed by PCR and 
PCR-RFLP. For confirmation of genus and identification 
of S. aureus, a multiplex PCR was performed for 16S 
rRNA (Staphylococcus spp., 756 bp) and nuc genes (S. 
aureus, 279 bp) simultaneously (6). For identification of S. 
pseudintermedius strains, PCR-RFLP was used (7). Briefly, 
after DNA extraction, a 320 bp pta gene fragment was 
amplified using specific primers (pta_f1, AAAGAC AAA 
CTT TCA GGTAA and pta_r1, GCA TAA ACAAGC 
ATT GTA CCG). Amplicons were digested with MboI and 
digestion products were electrophoresed on 2% agarose 
gel. Strains showing two fragments, 213 and 107 bp, of the 
pta gene were confirmed as S. pseudintermedius.
2.3. Antibiotic susceptibility tests
The antibiotic sensitivities of the strains were determined 
and evaluated against eight different antibiotics by Kirby–
Bauer agar disc diffusion tests following the protocols 
described by CLSI (8). Antibiotics used for this purpose 
were penicillin (10 IU), oxacillin (1 µg), vancomycin 
(30 µg), oxytetracycline (30 µg), enrofloxacin (5 µg), 
cefoperazone (75 µg), amoxicillin/clavulanic acid (20/10 

µg), and trimethoprim/sulfamethoxazole (1.25/23.75 
µg). Multidrug resistant (MDR) strains were determined 
according to whether they were resistant against three or 
more different groups of antibiotics.
2.4. Determination of the mecA gene and SCCmec types
To determine the mecA gene for phenotypically methicillin 
resistant strains, a PCR protocol was performed as 
described by Çiftci et al. (6). The strains giving a 320 bp 
band were evaluated as positive for the mecA gene.
To discriminate the SCCmec types to which S. aureus 
isolates belong a multiplex PCR protocol was used (9). The 
primers and expected band sizes used in this multiplex 
PCR protocol are given in Table 1.
2.5. Determination of bla and fem genes
All Staphylococcus isolates were investigated for the 
presence of bla and fem genes as the factors affecting 
methicillin resistance phenotype. PCR analysis for 
detecting bla and fem genes was performed according to 
the protocol described by Fındık et al. (10). The strains 
giving 173 bp and 684 bp bands were evaluated as positive 
for bla and fem genes, respectively.
2.6. Coagulase (coa) and protein A (spa) gene typing
coa and spa gene polymorphisms in Staphylococcus isolates 
were investigated by PCR (11).
2.7. Determination of the pvl gene
To determine the pvl gene among S. aureus strains PCR 
analysis was performed as described by Azimian et al. 
(12). The strains giving a 502 bp band were evaluated as 
positive for the pvl gene.  

3. Results
3.1. Isolation and identification of staphylococci
A total of 98 bacteria were isolated from samples. 
Forty-five (45.91%) of all 98 strains were identified as 
Staphylococcus spp. both phenotypically and genotypically. 

Table 1. Oligonucleotide sequences used in multiplex PCR and the resulting band patterns of SCCmec types. 

Target Primer Sequence PCR product
(bp)

SCCmec type

I II III IV V

ccrA2-B
β F: ATTGCCTTGATAATAGCCYTCT

937 X Xα3 R: TAAAGGCATCAATGCACAAACACT

ccrC
ccrCF F: CGTCTATTACAAGATGTTAAGGATAAT

518 X XccrCR R: CCTTTATAGACTGGATTATTCAAAATAT

IS1272
1272F1 F: GCCACTCATAACATATGGAA

415   X X1272R1 R: CATCCGAGTGAAACCCAAA

mecA–IS431
5RmecA F: TATACCAAACCCGACAACTAC

359 X5R431 R: CGGCTACAGTGATAACATCC
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Among the Staphylococcus strains 8 (17.77%) were 
identified as S. aureus. Among the 37 Staphylococcus spp. 
strains other than S. aureus, 23 (82.23%) were identified as 
S. pesudintermedius by PCR-RFLP (Figure). 
3.2. Antibiotic susceptibility tests
According to Kirby–Bauer disc diffusion tests, methicillin 
resistance was determined in 24 strains (53%) of all 
identified staphylococci. Eight (17%) of the MRS 
strains were S. aureus (MRSA) and 8 (17%) were S. 
pseudintermedius (MRSP). 

The resistance rates to the other 7 antibiotics were as 
follows: penicillin (95%), vancomycin (7%), oxytetracycline 
(37%), enrofloxacin (4%), cefoperazone (4%), amoxicillin/
clavulanic acid (9%), and trimethoprim/sulfamethoxazole 
(4%). Multidrug resistance (MDR) among the S. aureus 
strains was 75% (6/8 S. aureus strains). MDR among 
MRSA strains (MDR-MRSA) was 80% (4/5 MRSA strains) 
and of these strains one was resistant to 5 antibiotics, one 
was resistant to 4 antibiotics, and 2 were resistant against 
3 antibiotics. Of all 23 S. pseudintermedius strains only 3 
(13.04%) were MDR. No MDR-MRSP was detected.  
3.3. Determination of bla and fem genes
The results of PCR analysis targeting the bla gene showed 
that 21 (46%) Staphylococcus isolates were bla-positive 
(7 S.aureus and 8 S.pseudintermedius) and among 
them 12 (%57) strains were mecA negative. Among S. 
aureus isolates, 2 strains (25%) were mecA negative-bla 
positive, the number of mecA negative-bla positive S. 
pseudintermedius strains was 7 (30.43%). While both mecA 
negative-bla positive S. aureus showed oxacillin resistance 
phenotypically, only one of mecA negative-bla positive S. 
pseudintermedius strains was resistant against oxacillin.
The results of fem-PCR showed that no isolate carried the 
fem gene. 

3.4. coa and spa gene typing
Among all the Staphylococcus isolates 23 (51.1%) had 
the coa gene. However, 3 S. aureus isolates and 8 S. 
pseudintermedius isolates were negative for the coa gene. 
Ten different coa types (C1–C10) were detected among the 
staphylococci. coa positive isolates gave 13 different bands 
of sizes ranging from 190 to 990 bp. Ten strains of all coa 
positive strains had only one (300 bp) band and these 
strains belonged to C4 coa type. The results of coa PCR 
typing are given in Table 2. 

Among the Staphylococcus strains 22 (48%) were 
negative for the spa gene. Among the other 23 (51%) 
strains only two spa types were detected (S1 and S2). All 
spa positive strains produced 120 bp spa gene product and 
belonged to S1 spa type, except one strain. S2 included 
only one strain, producing a 210 bp band. 
3.5. mecA gene determination and SCCmec typing
The results of genotypical determination of methicillin 
resistance by mecA gene targeting PCR showed that 10 
strains (22.22%) were MRS. Five of them (11.11%) were 
MRSA and 2 (4.44%) were MRSP. One of the MRSP 
isolates was of human origin. The prevalence of MRSP 
found in dogs and humans was the same, 3.03%. 

Ten strains that were mecA positive staphylococci 
were tested for their SCCmec types by PCR. Of these 
strains 5 were MRSA, 2 were MRSP, and 3 were other 
Staphylococci. All strains except one (one MRSP strain) 
showed a clear band pattern. However, only 4 strains 
that showed predicted band patterns could be typed by 
SCCmec PCR protocol. Of these 4 strains 2 MRSA strains 
showed different SCCmec types: one MRSA was SCCmec 
type III and the other was SCCmec type IV. Five strains 
(3 were MRSA and 2 were other Staphylococci) with 

Figure. The RFLP results of Staphylococcus pseudintermedius. 
M: Marker (100–1000 bp); Lanes 1–7: Staphylococcus 
pseudintermedius.

Table 2. coa types and band sizes of staphylococci.

coa types Band sizes (bp) n (%)

C1 510–610 1 2.22

C2 300–510 4 8.89

C3 190 2 4.45

C4 300 10 22.22

C5 750 1 2.22

C6 370–560 1 2.22

C7 370 1 2.22

C8 580 1 2.22

C9 300–400–510–990 1 2.22

C10 300–400–490–510–990 1 2.22
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a band pattern that was not compatible with one of the 
five predicted band patterns and one strain that showed 
no clear band were named nontypeable. One MRSP strain 
that could be typed as SCCmec type IV was of human 
origin.
3.6. Determination of the pvl gene
Of all 8 S. aureus strains 7 (87.50%) were pvl gene positive. 
One S. aureus strain was pvl negative MSSA (mecA 
negative). All 5 MRSA strains were pvl positive.

The total results of the study are presented in Table 3.

4. Discussion 
S. aureus is a major inhabitant of the skin and mucosae 
of humans. This organism occasionally lives on domestic 
animals. However, animals are usually colonized with 
other species of Staphylococci such as S. pseudintermedius. 
S. pseudintermedius is part of the normal flora of the 
skin and mucosae of pets such as dogs and cats and is an 
important opportunistic pathogen. S. pseudintermedius 
colonization is rare in humans and its occurrence in 
humans usually depends on the state (frequency and 
proximity) of contact with dogs and cats (13). S. aureus 
has the characteristic ability to rapidly develop antibiotic 
resistance (1). Methicillin-resistant staphylococci become 
resistant to the beta-lactam class of antibiotics. Like 
MRSA, methicillin resistance in S. pseudintermedius is also 
mediated by mecA acquisition. Recently MRSA and MRSP 
have emerged as important problems for both public and 
animal health (1). In people, generally two types of MRSA 
infection that are genetically, epidemiologically, and 
clinically different from each other have been identified. 
One is healthcare-associated MRSA (HA-MRSA) 
infection and the other is community-associated MRSA 
(CA-MRSA) infection. After the recognition of MRSA 
infections in companion animals at the end of the 1990s, 
researchers’ attention turned to the investigation of MRSA 
carriage in many companion animals and its possible 
transmission to pet owners (1,14). The emergence of CA-
MRSA in recent times and awareness of the importance of 
antibiotic resistance characteristics of this organism in the 
community have also led many researchers to study MRSA 
in pets (14). Researchers have reported that MRSA carriage 
in pets can be a potential health risk for their owners but 
they have also noted that pets can become a reservoir of 
MRSA through exposure to infected humans. Although 
the zoonotic importance of MRSP has been reported to be 
less than that of MRSA, several cases related to zoonotic 
transmission have been reported. Baptiste et al. (15) did 
not isolate any MRSA from healthy dogs but they isolated 
3 (5.45%) MRSA strains from dogs with clinical infections. 
The dog with the joint infection was also found positive 
for nasal and fecal carriage of MRSA and a student who 
treated the dog had an MRSA-positive nasal swab. MRSA 

was found at the 17.9% and 9% percentages in veterinary 
staff and their dogs, respectively, by Loeffler and Lloyd (13). 
Hanselman et al. (16) isolated MRSA and MRSP at very 
low percentages, i.e. 0.5% and 2.1%, respectively. Among 
45 Staphylococcus isolates, 17.77% were S. aureus and in all 
staphylococci 5 (11.11%) including 3 (6.66%) human and 
2 (4.44%) dog isolates were MRSA. Variable results were 
obtained in various studies as seen above and in the present 
study the prevalence of MRSA in dogs and humans was 
partly similar to those of others. Among S. aureus isolates 
the prevalence of MRSA was 62.5%. Although the rate was 
very high, the low numbers of S. aureus should be taken 
into account. The results of typing studies have supported 
the hypothesis that MRSA in household pets has emerged 
as a direct result of MRSA in humans (1). Moreover, 
it is known that S. aureus colonization is transient and 
dogs do not become colonized naturally with S. aureus. 
Humans seem to be the ultimate source of S. aureus. In the 
present study the humans colonized with MRSA may be 
considered as one of the potential risk factors for MRSA 
infection in household pets.

Several researchers (16,17) have obtained various 
rates between 1.5% and 2.1% relating to the prevalence of 
MRSP colonization in healthy dogs. It was reported that 
the prevalence varied from 0% to 7% in dogs with skin 
diseases (17). Moreover, in another study, the prevalence 
of MRSP in inpatient and outpatient dogs was 30% (18). In 
this study, one of the MRSP isolates was of human origin 
and another was from a dog. The prevalence of MRSP in 
healthy dogs in this study was 3.03% and this rate was 
similar to the results of other studies. Guardabassi et al. 
(14) reported that S. pseudintermedius occurred frequently 
in the owners of dogs with deep pyoderma. However, in 
medical laboratories, S. pseudintermedius was reported 
to be misidentified as S. aureus; thus the exact incidence 
in humans may have been underestimated. Similar to 
MSSP, colonization of humans with MRSP is known to 
be uncommon and transient. However, in other studies 
(18,19) transmission of MRSP from pets (dogs and cats) to 
their owners was investigated and the prevalence of MRSP 
in humans (owners, veterinarians, veterinary personnel) 
was reported at various rates, between 0.4% and 7.9%. 
Only one (3.03%) MRSP strain was isolated from a healthy 
human who was the owner of a healthy dog. Moreover, an 
MSSP strain was isolated from this dog. It is unclear how 
the owner became colonized with MRSP. However, it is 
possible that the MRSP strains may transmit to humans 
from another dog that has already been colonized/infected 
with this strain or directly from other sources.

Beside mecA and bla genes, some chromosomal 
genes that are not linked to mecA and SCCmec such as 
fem (factors essential for methicillin resistance), aux 
(auxiliary factors), and hmt (high methicillin resistance) 
are considered to contribute to methicillin resistance. 
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Table 3. The total isolation and identification results of staphylococci and their genotypic characteristics.

Strain 
no. Origin

PCR results
nuc mecA pta RFLP coa (bp) spa (bp) bla fem pvl

7 human - - - - - - + -
8 dog - - + - - 120 + -
11 human - + + - - 120 + - +
15 dog - - + - - 120 - - +
17 human + - + - - 120 + - +
19 dog + + - - - 120 + - +
21 dog - - + - - 120 - -
26 dog + - + - - 120 + -
33 dog - - - - 510, 610 120 - -
38 dog - - + + 300, 510 - - -
41 dog - - + - 300, 510 120 - -
42 dog - - + + - - - -
44 human + + + - 190 120 + - +
45 human + + + - 190 120 + - +
46 dog - - + + 300 - - -
47 dog - - + + - 120 - -
48 human - + + + - 120 + - +
49 dog - - + + - - + -
50 dog - - - - - 120 - - +
55 dog - - + + 300 - - -
56 human + + + - 750 210 + - +
58 dog - - + + 300 - - -
59 dog - - + + 300 - - -
62 dog - - + + 300 - + -
63 dog - - + + 300, 510 - - -
65 dog - - + + 300 - + -
66 dog - - + + 300 - + -
67 dog - - + + - 120 + - +
68 dog - - + + - 120 + -
69 dog - - - - - - - -
71 human - + + - - - + -
72 dog - + + + 300 120 - -
74 dog + - + - 370, 560 120 - - +
75 dog - - + - - 120 - - +
76 dog - - + + 300 - - -
78 dog + + + - 370 120 + - +
79 dog - - + + 300, 510 - + -
87 dog - - - - 580 - - - +
89 dog - - + - - 120 + - +
91 human - + - - - - + -
93 dog - - + + 300 bp - - -
94 dog - - + + 300, 400, 490, 510, 990 120 - -
96 dog - - + + 300, 400, 510, 990 - - - +
97 dog - - + + - - - -
98 dog - - + + - - - -  
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mecA gene-negative but bla gene-positive S. aureus strains 
showing oxacillin resistance in the agar disc diffusion test 
were detected in this study. Moreover, all strains were fem 
gene-negative. The femA gene and the nuc gene, which 
are constitutively expressed, have been used as molecular 
targets for the identification of S. aureus. However, absence 
(or polymorphism) of the fem A gene in S. aureus strains 
has been reported (20). Fındık et al. (10) have also reported 
that MRSA isolates from healthy dogs were fem gene-
negative. In our study fem gene-negative MRSA may be 
explained as some mutation or variations in the sequences 
around fem A, but further investigations, especially 
sequencing studies, should be performed to understand 
the genomic variation.

Among all the Staphylococci strains, 10 different coa 
types were detected and the predominant coa type, C4, 
included 10 strains. Among all 5 MRSA strains, 3 different 
coa types (C3, C5, and C7) were found. Among all the S. 
aureus isolates, 3 (37.50%) were coagulase-negative (one 
was MRSA isolated from a dog and two were MSSA). 
In another study, coagulase gene-negative variant S. 
aureus isolates from animal and human sources were 
also reported (21). Among S. pseudintermedius strains 
9 (39.13%) were coagulase negative. Ten (43. 48%) of S. 
pseudintermedius were in the same coa type, C4 showing 
one 300 bp band. According to spa-PCR typing results, the 
strains were divided into two spa types (S1 and S2) and 
all of the isolates except for one, which was assigned to 
S1. All MRSA, except for one, were assigned to S1. Findik 
et al. (10) found three spa types among S. aureus isolates 
and reported that MRSA strains were of the less common 
spa type in their study. In this study most MRSA were of 
the common spa type. Recently one of the most commonly 
used molecular typing methods for S. pseudintermedius 
strains is spa typing. There was no polymorphism in the 
spa gene in S. pseudintermedius strains in this study. All 
strains were assigned to S1 type. Resistance to β-lactams 
in  MRSA  is  conferred  by the acquisition of a mobile 
genetic element, SCCmec carrying the mecA gene. 
Moreover, some SCCmec  types carry various additional 
genetic elements (Tn554, pT181), which have been found 
in HA-MRSA strains. CA-MRSA is different from HA-
MRSA in terms of some characteristics. Namely, most 
of CA-MRSA strains are SCCmec type IV or V and they 
show rare multiresistance to antimicrobials. Moreover, 
it is reported that SCCmec type IV, which is the smallest 
cassette containing the mecA gene, is found in some CA-
MRSA clones that are becoming endemic in many parts 
of the world (22). Gene encoding for Panton–Valentine 
leukocidin (PVL) has been demonstrated primarily among 
CA-MRSA strains. There was a high probability that all 
MRSA strains isolated from humans and dogs in this study 
were CA-MRSA because all had pvl genes. Of these strains 
80% were also MDR-MRSA. However, only one human 

strain was determined as SCCmec type IV; the remaining 
two could not be typed with the primers we used. Of the 
two MRSA strains isolated from dogs, one was SCCmec 
type III and the other could not be typed. PVL-producing 
CA-MRSA have rarely been reported in animals and they 
have been found in companion animals such as dogs, cats, 
and birds (23). Transmission of PVL-producing MRSA 
between humans and dogs has been reported in a family 
(22). In this study, this type of transmission did not occur. 
However, these PVL-producing strains were considered 
to pose a risk for transmission between humans and dogs 
living together in the same household. On the other hand, 
SCCmec typing results were not so satisfying because there 
were strains that could not be typed.  

Multidrug resistance among S. pseudintermedius strains 
isolated from healthy dogs and cats has been explored and 
it has been reported that 25.42% of S. pseudintermedius 
isolates from nostrils were MDR-S. pseudintermedius (24). 
However, Loeffler et al. (25) reported that 23% of all S. 
pseudintermedius isolates from a veterinary dermatology 
clinic in Germany were MDR. Moreover, the emergence 
of MDR-MRSP in Europe has been reported to become 
an alarming problem. We also detected that 13.04% of all 
S. pseudintermedius in this study were MDR. Similar to 
the result reported by Gandolfi-Decristophoris et al. (24), 
we did not find any MDR-MRSP. Although methicillin 
resistance is of particular interest, other resistances 
against different antimicrobials are also important and 
infections caused by MDR-SP may be a critical problem 
for clinicians because they limit the choice of active 
antibiotic treatments. On the other hand, no MDR-MRSP 
was detected. That result was gratifying because it might 
have forced veterinarians to use antimicrobials in human 
use for challenging infections, which is also an ethical 
problem. 

One of the two MRSP strains isolated in this study was 
SCCmec type IV but the other strains could not be typed. 
The different types of SCCmec elements reported to be 
found in MRSP are SCCmec II-III, SCCmec III, SCCmec 
IV, SCCmec V, SCCmec VII, and nontypeable cassettes 
(26). 

In conclusion, although it was found at a low percentage, 
MRSP was isolated in humans and S. pseudintermedius; 
especially MRSP was considered to pose a risk for people 
living with dogs or in contact with them. Similarly MRSA 
isolates that were all found to be CA-MRSA and MDR-
MRSA were considered to pose a risk for transmission to 
household pets. Generally there was no polymorphism 
for the spa gene among all isolates. However, coa gene 
polymorphism and variant coagulase negatives were 
detected among isolates. Further studies, especially in 
which different primer sets are used in SCCmec typing, 
would be useful to characterize both MRSA and MRSP 
strains.
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