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RESUMO.- [Prevalência e suscetibilidade in vitro de Sta-

phylococcus pseudintermedius resistente à meticilina 
(MRSP) oriundos de pele e narinas de cães com pio-
dermite superficial.] Para acessar a prevalência de MRSP 

na pele e nas narinas de cães com piodermite superficial, 
determinar a suscetibilidade in vitro, e correlacionar estes 
dados com a presença do gene mecA, foram selecionados 43 cães. Amostras de lesões de pele e narinas foram coletadas, cultivadas, e analisadas fenotipica e genotipicamente. Em 62 amostras (91%), os microrganismos foram classificados 
como Staphylococcus pseudintermedius. A taxa de resistên-
cia a antibióticos variou entre 7% (amicacina; 4/62) e 77% 
(sulfamethoxazol + trimetoprim; 48/62). Resistência a oxa-
cilina foi observada em 34% das amostras (21/62). Vinte e cinco amostras (37%), eram cepas portadoras do gene 
mecA. Correlação significativa (P<0,01) foi observada entre 
a presença do gene mecA e a resistência à oxacilina. Conside-rando os cães, 17 eram portadores de cepas com gene mecA 
e 8(47%) delas carreavam este gene nas amostras de lesão de pele e nas narinas. Correlação significativa (P>0,01) foi 
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In order to assess the prevalence of Methicillin-resistant Staphylococcus pseudinterme-
dius from skin and nostrils of dogs with pyoderma, to determine its in vitro susceptibility, and to correlate these data with the presence of the mecA gene, 43 dogs were selected. Samples were collected from  secretion of their skin lesions and right nostril, cultured, 
and analyzed for phenotypic and genotypic characteristics of the bacteria studied. In 62 samples (91%) the microorganism was classified as S. pseudintermedius. The rate of re-
sistance against antibiotics ranged from 7% (amikacin; 4/62) to 77% (sulfamethoxazo-
le + trimethoprim; 48/62). Resistance against oxacillin was found in 34% of the samples (21/62). Twenty-five samples (37%) were strains that carried the mecA gene. A significant correlation (P<0.01) was found between presence of the mecA gene and oxacillin resis-tance. Seventeen dogs were mecA gene carriers, and 8 (47%) of them had the gene in the skin lesions and nostril. A significant correlation (P<0.01) was also observed between the presence of mecA gene in the skin lesions and nostrils. Oxacillin resistance in vitro can be 
safely used to indicate the presence of mecA gene in MRSP samples. The nostrils can be a 
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observada entre a presença do gene mecA nas lesões de pele e nas narinas. Sendo assim, resistência à oxacilina in vitro 
pode ser aferida com segurança para indicar a presença do 
gene mecA em amostras de MRSP, e as narinas podem cons-
tituir em um reservatório dos microorganismos em cães.TERMOS DE INDEXAÇÃO: Doença de pele, Staphylococcus pseu-

dintermedius, infecções estafilocócicas, antibióticos, oxacilina, 
mecA, MRSP, caninos.

INTRODUCTIONSuperficial pyoderma is one of the most frequent derma-
topathies in dogs. This disease is an infection of epidermis 
and hair follicles. The main clinical signs include circular alopecia, erythema, pustules, epidermal collarettes, crusts, desquamation, and pruritus. Most cases are due to a pri-mary cause, and allergy, demodicosis, endocrinopathy, and dekeratinization are the most frequent (Miller et al. 2013).These bacteria were previously classified as Staphylo-
coccus intermedius. However, Devriese et al. 2005 using molecular characterization in samples from canine, fox, and pigeon, found three different species among those known 
as S. intermedius. Those three species, S. pseudintermedius, 
S. intermedius, and S. delphini, compose the S. intermedius Group (SIG) (Devriese et al. 2005, Bannoehr & Guardabassi 2012, Miller et al. 2013).In the past, the Staphylococcus genus was known to be sensitive to beta-lactamic drugs. However, in the last three 
decades the prevalence of strains resistant to those drugs has increased (Weese & Van Duijkeren 2010, Beck et al. 2012) This is a notorious problem in veterinary dermatolo-gy, since beta-lactamic antibiotics are the first choice option in the treatment of bacterial pyoderma (Miller et al. 2013). 
Such resistant strains are called methicillin-resistant Sta-
phylococcus pseudintermedius (MRSP) (Weese & Van Duijke-ren 2010). The MRSP strains carry the mecA gene, which en-codes an altered penicillin-binding protein known as PBP2a, which reduces the bacterial affinity to all beta-lactamic an-tibiotics (Weese & Van Duijkeren 2010, Wang et al. 2012).Despite the importance of MRSP strains, few studies focusing on their prevalence, antibiotic susceptibility, and 
presence of the MecA gene and/or correlating these va-
riables to oxacillin resistance in dogs with pyoderma are found in the literature. Therefore, the objectives of this 
study were to determine the prevalence of MRSP from skin lesions and nostrils, determine their in vitro susceptibility, 
and correlate MRSP occurrence in both sites.

MATERIALS AND METHODS

Dogs. Samples were obtained from 43 dogs presented to a referral service in Belo Horizonte (MG, Brazil), where they were diagnosed with superficial pyoderma by the clinical presentation and cytological smears. Presence of typical pyoderma lesions, such as papules, pustules, collarettes, and erythema, were the clinical criteria. Cytological smears should present at least five coccoid bacteria per immersion oil field, as well as inflammatory cells. The project was approved by the Ethical Committee for Ani-mal Use of Universidade Federal de Minas Gerais.
Sample collection and processing. Two sterile cotton swabs were utilized to collect the samples, one from the right nostril and 

the other from the skin lesion, which were immediately inocula-ted into the Stuart transport media. Within 48 h, the samples were inoculated into sheep blood agar (5%) and incubated (37°C; 24h). After incubation, the small, creamy colonies were selected. Sme-ars were done from these colonies and then stained with Gram stain. The Gram-positive coccoid bacteria samples were selected 
and re-cultured in Mueller-Hinton agar.

Identification of isolates. For differentiation among spe-
cimens of the genus Staphylococcus and other Gram-positive coccoid bacteria, evaluation of the colony morphology and phe-notypic tests such as coagulase test, and catalase and oxidase re-actions were performed. After classification as Staphylococcus sp., Voges-Proskauer, fermentation of carbohydrates (mannitol, su-crose, and trehalose), urease production, and polymyxin B sensiti-vity tests were performed to differentiate SIG from other species. After isolation, all coccoid bacteria samples were identified using molecular methods, with specific primers for S. pseudintermedius, 
as previously described (Sasaki et al. 2010).

Susceptibility tests and genotypic identification. After phenotypic identification, the samples were inoculated into 
Mueller-Hinton agar with antibiotic discs impregnated with ami-kacin (30µg), amoxicillin + clavulanate (20/10µg), cephalexin (30µg), gentamycin (10µg), chloramphenicol (30µg), streptomy-cin (30µg), enrofloxacin (5µg), oxacillin (1µg), penicillin (10µg), tetracycline (30µg), and sulfamethoxazole + trimethoprim (1.25/23.75µg; DME®, Araçatuba, SP, Brazil) following the CLSI 
(Clinical and Laboratory Standards Institute) recommendations 
for Staphylococcus sp. susceptibility tests . The mecA gene was genotypically identified as described elsewhere (Mehrotra et al. 2000).

Statistical analysis. The statistical analysis was performed based on frequency and Spearman’s correlation test.

RESULTS

Identification of isolatesFrom all samples collected, 68 isolates were recovered; 88.2% of them were classified as SIG by using the pheno-typic tests, and 91% of the samples were classified as Sta-
phylococcus pseudintermedius using the genotypic tests. From the samples recovered (68), 42 were from the skin 
lesions and 26 from the nostrils. Regarding the genotypic tests, 88% (37/42) of samples from skin lesions were clas-sified as S. pseudintermedius, whereas 96% (25/26) of tho-se from the nostrils were classified as so.
Susceptibility tests Susceptibility to the drugs tested was variable, as only 10% of the dogs were shown to have bacteria strains sus-ceptible to all drugs, 28% exhibited patterns of resistance to six or more drugs, and none had strains resistant to all 
antibiotics. Amikacin (93%) and chloramphenicol (82%) were the most efficient drugs in terms of susceptibility in 
vitro. Drug resistance to amoxicillin + clavulanate and ce-phalexin (23% and 24%, respectively) and oxacillin (34%) was observed, being quite similar to each other.
Identification of the mecA gene

The isolates were tested for the mecA gene and 37% (25/68) were shown to carry the gene. Thus, significant 
correlation (P<0,01, R=0,0004) was found between pre-
sence of the mecA gene (37%) and oxacillin resistance 
(34%). Regarding the mecA-positive samples, 48% (12/25) 
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of them were from skin lesion samples and 52% (13/25) were from nostrils, and 35,4%(17/43) of all dogs were sho-
wn to carry the gene. Prevalence of mecA gene among skin lesions (28.5%) and nostrils (50%) was also calculated. From the 17 dogs that were mecA gene carriers, 8 (47%) had the gene in both skin lesions and nostril. A significant 
correlation (P<0,01, R=0,002) was also observed between 
the presence of mecA gene in the skin lesions and nostrils.

DISCUSSIONIn this study, we found 91% prevalence for Staphylococcus 
pseudintermedius, which was higher than that found by other authors (Paul et al. 2012). They found 69% of this species among their samples, which were collected from the oral cavity, perianal region, and nostrils of healthy ani-mals. Therefore, the prevalence might be lower in that study due to the absence of pyoderma (healthy animals). On the other hand, similar prevalences were found in China (92%) (Wang et al. 2012) and Brazil (96%) (Bourguignon 2012). 
Both brazilian and chinese groups used samples from ani-mals with pyoderma, thus reinforcing the idea that presen-
ce of the disease increases the presence S. pseudintermedius.Regarding the drugs used in the susceptibility tests, the 
highest values were found for amikacin and chloramphe-nicol. However, these drugs are known for their considera-ble side effects, which narrow their routine use. Amikacin is not available for oral use, and its main side effect is ne-phrotoxicity, thus requiring that the patient be very care-
fully monitored Chloramphenicol is known to cause bone marrow aplasia, being forbidden for human use in Brazil. Consequently, it is not available for retail in drugstores in this country (Andrade 2002). Our results for these drugs are in agreement with those found in the literature (Onuma et al. 2012). Our resistance rates for cephalexin and amo-
xicillin + clavulanate differ from those found in other stu-dies (Bourguignon 2012, Onuma et al. 2012) in which the 
authors found lower (ca. 15%) resistance rates for these 
drugs. All these studies were conducted in different loca-
tions and the resistance rates may vary among regions due 
to different use of antibiotics.Within the samples, prevalence of the mecA gene was 37% 
and it showed a positive correlation (P < 0,01; R=0,0004) with resistance to oxacillin (34%). Therefore, both tests can 
be used safely to determine methicillin resistance in dogs. These results are in agreement with those found in the USA (Bemis et al. 2006) However, such results differ from those obtained in Brazil (Bourguignon 2012), which did not show 
to have positive correlation between the tests.

Regarding presence of the mecA gene in the skin lesions and nostril, a positive Spearman’s correlation (P<0,01; R=0,002) between the locations was obtained in the pre-
sent study. Beck et al. 2012 also observed a positive correla-tion between their samples from skin and nostrils, as used in the present study. Therefore, these data indicate that 
the nostrils could be a reservoir of MRSP in skin infections (Beck et al. 2012).

CONCLUSIONS

Staphylococcus pseudintermedius was the most frequent bacteria among the samples from dogs with superficial 
pyoderma.

The nostrils of affected dogs represent a possible reser-
voir of S. pseudintermedius for skin infection.Both methods, oxacillin resistance and mecA gene pre-sence, can be used to determine the colonization by MRSP in dogs with superficial pyoderma.
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