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Antimicrobial susceptbility of S. pseudintermedius

Table I. Tested antibiotics against methicillin‑resistant
S. pseudintermedius (MRSP) and methicillin-susceptible
S. pseudintermedius (MSSP) in Milan and Naples Labs.
Antibiotics MRSP (% R)* MSSP (% R)
(µg)
Milan / Naples Milan / Naples
AMC
Penicillins (β-lactams) (20/10
88.6 / 100
7.4 / 56.3***
µg)
Penicillins (β-lactams) OX (1 µg)
100 / 100
0.0 / 0.0
Cephalosporins
CRO (30 µg) 91.4 / 47.8***
1.2 / 12.6**
(β-lactams)
Lincosamides
DA (2 µg)
97.1 / 65.2*
32.2 / 33.0
Fluoroquinolones
ENR (5 µg)
85.7 / 60.9
17.2 / 16.5
Macrolides
E (15 µg)
100 / 91.3
7.4 / 36.8***
Aminoglycosides
CN (10 µg)
48.5 / 52.2
2.4 / 9.7
**
Aminoglycosides
K (30 µg)
100 / 78.3
7.4 / 43.6***
***
Aminoglycosides
TOB (10 µg) 80.0 / 13.0
6.1 / 3.8
Tetracyclines
TE (30 µg)
71.4 / 87.0
19.7 / 50.5***
Group

AMC = amoxicillin + clavulanic acid; OX = oxacillin; CRO = ceftriaxone;
DA = clindamycin; ENR = enrofloxacin; E = erythromycin; CN = gentamicin;
K = kanamycin; TOB = tobramycin; TE = tetracycline.
(% R) = Percentage of resistance. χ2: *0.05 < p < 0.01; **p < 0.01; *** p < 0.001.

and tetO) (Ullah et al. 2012). Furthermore, other ARg
were searched in both laboratories; aacA‑aphD
(Strommenger et al. 2003) and blaZ (Kang et al.
2014) in Milan laboratory; while ermA, ermB, ermC
(Sutcliffe et al. 1996) in Naples. Both positive and
negative appropriate controls were used in all
PCR experiments.

Statistical analysis
Samples were grouped in MRSP and MSSP, according
to the results of oxacillin disk diffusion test and the
presence of mec gene. The tested antibiotics (N = 10)
and the genes of tetracycline resistance, studied
both in Milan and Naples, were statistically analyzed
with the chi‑square test to verify the difference
in the distribution of phenotypic and genotypic
resistance profiles.
Chi‑square test was performed with GraphPad Prism
(version 8.01 for Windows, GraphPad Software, La
Jolla California USA, www.graphpad.com).

Results
S. pseudintermedius isolation and
identification
Between 2015 and 2017, 242 S. pseudintermedius
strains were collected from canine skin disorders
(pyoderma and otitis externa), particularly
116 strains in Milan and 126 in Naples. All the strains
showed β‑haemolytic patterns on Colombia CNA
agar and inability to ferment mannitol on MSA.
Furthermore, they showed positive results at the
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staphylocoagulase and catalase tests. The bacterial
identification results obtained by MALDI‑TOF MS
were confirmed by genetic identification using
the species‑specific nuc gene, revealing a clear
concordance between molecular and proteomic
analyses in both laboratories.

Antimicrobial susceptibility testing
The phenotypical oxacillin resistance, investigated
by disk diffusion test, was confirmed by the
amplification of mecA gene and allowed to
distinguish between MRSP and MSSP strains. No
detection of mecC gene was revealed among all
screened strains. The prevalence of MRSP was
significantly higher in Milan 30% (35/116) than
that reported in Naples 18% (23/126), resulting in
statistical significance (p‑value = 0.0435).
As shown in Table I, in Milan and Naples,
the antimicrobial susceptibility profiles of
the MRSP strains showed high resistance to
amoxicillin‑clavulanate being 88.6% and 100%,
respectively. However, the overall prevalence of
antimicrobial resistance among the MRSP isolates
detected in this study appeared high. In Milan,
all the MRSP strains were found to be multidrug
resistant strains showing resistance to at least three
different antibiotic classes, while in Naples, 91%
of MRSP strains with multidrug resistant profiles
were observed.
Furthermore, in Milan a significantly higher
percentage of MRSP isolates were resistant to
ceftriaxone and tobramycin compared to those
in Naples (p < 0.001). Clindamycin and kanamycin
resistances also appeared to be statistically higher
in Milan than in Naples (p < 0.05 and p < 0.01,
respectively). This investigation also revealed that
MRSP strains showed markedly high resistance to
enrofloxacin, erythromycin, tetracycline in both
groups of MRSP strains. Similar results were also
observed for resistance to gentamicin (48.5% Milan,
52.2% Naples).
In both laboratories, the phenotypic profiles of
antibiotic resistance showed lower percentages
of resistance to MSSP strains than MRSP ones
(Table I). The MSSP strains isolated in Naples
harbored the highest prevalence of resistance to
amoxicillin/clavulanic acid (56.3%), erythromycin
(36.8%), kanamycin (43.6%) and tetracycline
(50.5%). Conversely, those isolated in Milan
showed statistically significant lower percentages
(p < 0.001) of resistence to the same antibiotics, 7.4%
(amoxicillin/clavulanic acid), 7.4% (erythromycin),
7.4% (kanamycin) and 19.7% (tetracycline). A
significant difference in ceftriaxone resistance
was also observed between Milan and Naples (p
< 0.01) with a higher prevalence in the second
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