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all classes of antibiotics approved in veterinary 
medicine and used for systemic treatment in 
dogs (tetracycline, aminoglycosides, macrolides, 
sulfamethoxazole‑trimethoprim, lincosamides), 
confirming the multidrug resistance profiles 
reported for MRSP worldwide (Osland et  al. 2012, 
Haenni et  al. 2014, Moodley et  al. 2014, Stefanetti 
et al. 2017).

It is known that MRSP originates from an animal 
reservoir; consequently, pet animals might act 
as potential reservoirs for the emergence of 
novel methicillin‑resistant clones in humans. 
Furthermore, in recent years, it has been reported 
an increase of the zoonotic transmission of MRSP, 
probably due to more appropriate identification 
of this strain (Somayaji et al. 2016, Robb et al. 2017, 
Lozano et al. 2017).

The veterinary environments seem to play an 
essential role in the dissemination of MRSP between 
pet animals and humans, particularly people 
who have constant contact with pets (veterinary 
personnel and pet owners) (Paul et  al. 2011, 
van Duijkeren et al. 2011). 

In this study, interesting antibiotic resistance 
profiles were also shown by MSSP strains, although 
their resistance profiles were lower compared to 
those reported by MRSP. The MSSP strains from 
Naples displayed a significantly higher resistance 
rate compared to the strains from Milan and also 
in comparison to the available literature (Ganiere 
et  al. 2005, Norström et  al. 2009). However, the 
reported increasing antibiotic resistance percentage 
of MSSP strains from Naples is also confirmed by 
more recent studies in other European countries 
(Haenni et al. 2014, Moodley et al. 2014). The MSSP 
strains showed high resistance rates to antibiotics 
commonly used to treat canine infections, such 
as the penicillinase‑labile penicillins, tetracycline, 
aminoglycosides, and macrolides. It is worth 
noting that in Naples, 34% of MSSP were multidrug 
resistant strains, while only 10% of MSSP isolates 
were susceptible to all tested antibiotics. 

Furthermore, in accordance with the literature, 
this study shows that tetK and tetM genes were 

hospital. Moreover, in Milan, 7% of MSSP strains 
were multidrug resistant and 45% of MSSP resulted 
susceptible to all tested antibiotics; in Naples, 34% 
of MSSP were multidrug resistant and, among them, 
10% resulted susceptible to all tested antibiotics.

The phenotypic tetracycline‑resistant MRSP strains 
of Milan (n = 25) and Naples (n = 20) harbored tetK 
and tetM genes, alone or in combination, as well 
as the MSSP, that were exactly 16 and 52  strains, 
respectively. Genotypic characterization of 
tetracycline resistance for the samples from Milan 
showed a higher rate of tetM gene for both MRSP 
(56%) and MSSP (81.2%). Similar results were also 
evidenced for the strains of Naples, 52% and 46.1%, 
respectively (Table II). Only among MSSP strains, the 
differences in the frequency of tetM gene between 
Milan and Naples resulted in being statistically 
significant with a p‑value < 0.05 (Table II). The 
tetracycline‑resistant strains, carrying tetK and tetM 
together showed the lowest prevalence among 
the isolates of both laboratories and no significant 
differences between Milan and Naples results were 
observed (Table II).

Besides, in Milan, all the isolates positive to mecA 
gene harbored also blaZ gene, and the gentamicin 
resistance was confirmed with the presence of the 
gene aacA/aphD (data not shown); while in Naples, 
all the phenotypic erythromycin‑resistant strains 
carried ermB gene (data not shown).

Discussion 
Bacterial otitis externa and pyoderma are 
the most common canine skin diseases, and 
S.  pseudintermedius is the staphylococcal species 
most frequently isolated from dogs suffering from 
these infections. This bacterium, an opportunistic 
canine skin pathogen, is the major coagulase 
positive (CPS) agent, that inhabits healthy dogs 
(Gómez‑Sanz et  al. 2013). In particular conditions, 
such as dog injures or sickness, this species can take 
advantage of the weakened host immune defenses 
and cause infection and illness.

Antibiotic resistance is the most puzzling question 
in recent years, and the spread of multidrug resistant 
staphylococci of animal origin, principally MRSP 
strains, has increased its public health relevance 
(Deurenberg et  al. 2007, Corrente et  al. 2013). In 
this context, the emergence in dogs of MRSP, often 
associated with even broader drug resistance, 
has become a great veterinary challenge. In this 
study, of the 242 isolated S.  pseudintermedius 
strains, 30% (33/116 in Milan) and 18% (23/126 in 
Naples), were MRSP presenting almost all worrying 
multidrug resistant profiles. Besides β‑lactam 
antibiotics, the multidrug resistance profile of 
MRSP strains showed relevant resistance rates to 

Table II. Molecular profiles of tetracycline resistance in canine 
S. pseudintermedius isolates.

Molecular profiles of 
tetracycline resistance

MRSP-
Milan

MRSP-
Naples

MSSP-
Milan

MSSP-
Naples

tetK gene 10/25
(40.0%)

6/20
(26%)

2/16
(12.5%)

17/52
(32.7%)

tetM gene 14/25
(56.0%)

12/20
(52%)

13/16
(81.2%)

24/52
(46.1%)*

tetK and tetM genes 1/25
(4.0%)

2/20
(9%)

1/16
(6.3%)

11/52
(21.2%)

χ2: * p-value < 0.05;    MSSP = methicillin-susceptible S. pseudintermedius;
MRSP = methicillin‑resistant S. pseudintermedius.




