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Abstract

Background/Objectives: Staphylococcus pseudintermedius (S. pseudintermedius) is an opportunistic
pathogen frequently isolated from dogs, involved in a wide range of infections, particularly
otitis externa. Increasing antimicrobial resistance (AMR), including methicillin-resistant S.
pseudintermedius (MRSP), poses significant challenges for veterinary and potentially human
health. This study aimed to assess the prevalence and antimicrobial resistance profiles of S.
pseudintermedius in dogs with otitis externa compared to clinically healthy dogs. Methods:
Between 2022 and 2025, samples were collected from 400 dogs with otitis externa and 360
healthy dogs in veterinary clinics from Timisoara. Ear swabs were processed by conventional
microbiological techniques and confirmed using MALDI-TOF MS. Antimicrobial susceptibility
was tested using the VITEK® 2 Compact system, following CLSI VETO01, Fifth Edition (2018)
standards. Fourteen antimicrobials from 11 classes were evaluated. Results: S. pseudintermedius
was isolated in 40% of dogs with otitis externa and in 21.1% of healthy dogs. The highest
resistance in both groups was observed to tetracycline (37.5% and 25%, respectively). No
resistance was recorded to linezolid, vancomycin, teicoplanin, tigecycline, or fusidic acid. MRSP
strains were identified in 1.2% of dogs with otitis, displaying multidrug resistance (MDR). MDR
strains were also detected in 8.7% of diseased and 4% of healthy dogs, indicating the potential
for subclinical reservoirs. Conclusions: The findings highlight the notable prevalence and AMR
of S. pseudintermedius in both symptomatic and asymptomatic dogs. The detection of MRSP and
MDR strains emphasizes the need for prudent antibiotic use and continuous AMR surveillance
in veterinary medicine to mitigate zoonotic risks and preserve antimicrobial efficacy.

Keywords: Staphylococcus pseudintermedius; antimicrobial resistance; MRSP; otitis externa;
dogs; MDR; zoonosis
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1. Introduction

S. pseudintermedius, an opportunistic pathogen, is commonly, isolated from clinically
healthy dogs and is notably involved in a wide spectrum of animal infections [1]. This
bacterium can colonize between 46% and 92% of healthy dogs [2]. S. pseudintermedius is
recognized as a key pathogen in dogs, has also occasionally been linked to cases of human
infection [3,4], while it also plays a significant role in infections among cats [4].

The growing identification of S. pseudintermedius isolated from canine cases of otitis
externa and soft tissue or skin infections represents a rising concern in the veterinary field,
primarily due to its considerable resistance to antimicrobials and a broad range of virulence
factors [5]. Antimicrobial resistance (AMR) has become a major global health issue, widely
recognized as one of the most critical threats of this century, with implications for both
human and animal health [6-9]. In recent years, there has been an observed increase in the
frequency of methicillin-resistant S. pseudintermedius (MRSP) strains, both in sick dogs and
in clinically healthy ones [10]. The spread of MRSP has come to represent a major issue in
veterinary practice [11].

MRSP resistance is determined by the presence of the mecA gene, integrated into a
mobile genetic element known as the staphylococcal chromosomal cassette mec (SCCmec).
This gene confers resistance to most beta-lactam antibiotics, except for ceftaroline and
ceftobiprole, which are part of the fifth generation of cephalosporins [11,12].

The mecA gene encodes a structurally altered penicillin-binding protein with low
affinity for nearly all beta-lactam antibiotics [10,13]. Consequently, these antibiotics no
longer represent a barrier to bacterial cell wall synthesis, unlike under normal circumstances
when beta-lactams bind to the penicillin-binding protein and thereby inhibit the bacterium’s
ability to construct its cell wall [13]. In addition, the SCCmec acquired by MRSP is a mobile
genetic element [10-13] that may also carry other resistance genes, contributing, along with
other mobile genetic elements, to multidrug resistance patterns (MDR) [12]. Resistance of
MRSP strains has also often been observed within other classes of antimicrobials, namely:
aminoglycosides, fluoroquinolones, macrolides [11,12], trimethoprim—sulfamethoxazole,
lincosamides, tetracyclines, and chloramphenicol [12].

S. pseudintermedius can be transmitted to humans, particularly those in close contact
with dogs, potentially causing zoonotic infections such as abscesses, infected bite wounds,
pneumonia, bloodstream infections, and septic arthritis [10]. Consequently, MRSP has
become an increasingly significant concern in veterinary as well as human medicine, due
to the limited treatment options available [14].

The objectives of this study were to determine the prevalence of S. pseudintermedius in
dogs with otitis externa compared to clinically healthy dogs, to characterize the antimicro-
bial resistance profiles of the isolates against both veterinary and human-use antibiotics, to
identify MRSP and MDR strains, and to assess their potential zoonotic implications. These
aims were designed to provide a clearer understanding of the epidemiological role of S.
pseudintermedius in canine populations and to support strategies for prudent antimicrobial
use in veterinary medicine.

2. Results

2.1. Prevalence of S. pseudintermedius Isolated from Dogs with Otitis Externa and from the Ears of
Healthy Dogs

Out of 400 samples collected from dogs diagnosed with otitis externa, S. pseudinter-
medius was isolated in 160 cases, representing a prevalence rate of 40%. From the ears of
clinically healthy dogs the bacterium was identified in 76 out of 360 samples, corresponding
to a prevalence of 21.1%.



Antibiotics 2025, 14, 1027 30f13

2.2. Antimicrobial Resistance of S. pseudintermedius Strains Isolated from Dogs with Otitis
Externa

Among dogs with otitis externa, S. pseudintermedius showed the highest resistance
to tetracycline (37.5%, n = 60). No resistance was observed to linezolid, teicoplanin, van-
comycin, fusidic acid, and tigecycline, with 100% susceptibility (n = 160) (Table 1).

Table 1. Antimicrobial resistance of S. pseudintermedius strains isolated from dogs with otitis externa.

Number of Strains

Antimicrobial Class Antimicrobial Tested Susceptible, 1 (%) Resistant, n (%)
Beta-lactams Penicillin 160 123(80.3) 37(19.7)
Oxacillin 160 158 (98.7) 2(1.3)
Aminoglycosides Gentamicin 160 158 (98.7) 2(1.3)
Tetracyclines Tetracycline 160 100 (62.5) 60 (37.5)
Fluoroquinolones Ciprofloxacin 160 158 (98.7) 2(1.3)
Moxifloxacin 160 158 (98.7) 2(1.3)
Macrolides Erythromycin 160 158 (98.7) 2(1.3)
Lincosamides Clindamycin 160 125(78.1) 35(21.9)
Oxazolidinones Linezolid 160 160 (100) 0(0)
Glycopeptides Teicoplanin 160 160 (100) 0(0)
Vancomycin 160 160 (100) 0(0)
Fusidans Fusidic acid 160 160 (100) 0(0)
Glycylcyclines Tigecycline 160 160 (100) 0(0)
Sulfonamides + Trimethoprim +
Pyrimidines Sulfamethoxazole 160 154(96.2) 6(38)

2.3. Antimicrobial Resistance of S. pseudintermedius Strains Isolated from the Ears of Healthy
Dogs

Additionally, S. pseudintermedius isolated from samples collected from the ears of

healthy dogs exhibited the highest resistance to tetracycline as well, at a rate of 25% (n = 19)
(Table 2).

Table 2. Antimicrobial resistance of S. pseudintermedius strains isolated from the ears of healthy dogs.

Number of Strains

Antimicrobial Class Antimicrobial Tested Susceptible, 1 (%) Resistant, n (%)
Beta-lactams Penicillin 76 61 (80.3) 15(19.7)
Oxacillin 76 76 (100) 0(0)
Aminoglycosides Gentamicin 76 76 (100) 0(0)
Tetracyclines Tetracycline 76 57 (75) 19 (25)
Fluoroquinolones Ciprofloxacin 76 76 (100) 0(0)
Moxifloxacin 76 76 (100) 0(0)
Macrolides Erythromycin 76 76 (100) 0(0)
Lincosamides Clindamycin 76 59 (77.6) 17 (22.4)
Oxazolidinones Linezolid 76 76 (100) 0(0)
Glycopeptides Teicoplanin 76 76 (100) 0(0)
Vancomycin 76 76 (100) 0(0)
Fusidans Fusidic acid 76 76 (100) 0(0)
Glycylcyclines Tigecycline 76 76 (100) 0(0)
Sulfonamides + Trimethoprim +
Pyrimidines Sulfamethoxazole 76 76 (100) 00

Analysis by antimicrobial class revealed that the most frequent resistance in both
groups occurred within the tetracycline class. In isolates from dogs with otitis externa,
37.5% were resistant to tetracyclines, 23.1% to 3-lactams, and 21.9% to lincosamides. In
isolates from the ears of healthy dogs, the corresponding resistance rates were 25%, 19.7%,
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and 22.4%, respectively. All isolates were fully susceptible to glycopeptides, oxazolidinones,
fusidanes, and glycylcyclines (Table 2).

2.4. Distribution of MDR and MRSP Strains

Regarding MDR, 14 strains (8.7%) were isolated from samples collected from dogs
with otitis externa (Table 3), while 3 strains (4%) were isolated from samples taken from the
ears of healthy dogs (Table 4).

Table 3. Antimicrobial resistance profiles of S. pseudintermedius strains isolated from dogs with otitis
externa (distribution according to the resistance profile of each strain).

Antimicrobial Resistance Number of Strains and Percentage

Susceptible to all tested antimicrobials 61 (38.1%)
PEN 14 (8.8%)
TET 37 (23.1%)

CLI 25 (15.6%)
TET + PEN 9 (5.6%)
PEN + TET + CLI 8 (5%)
PEN + TET + SXT 4 (2.5%)
PEN + OXA + GEN + TET + CIP + MXF + 2 (1.2%)
ERY + CLI + SXT ’

Legend: PEN—penicillin; OXA—oxacillin; GEN—gentamicin; TET—tetracycline; CIP—ciprofloxacin; MXF—
moxifloxacin; ERY—erythromycin; CLI—clindamycin; SXT—trimethoprim + sulfamethoxazole.

Table 4. Antimicrobial resistance of S. pseudintermedius strains isolated from the ears of healthy dogs
(distribution based on resistance profile of each isolate).

Antimicrobial Resistance Number of Strains and Percentage

Susceptible to all tested antimicrobials 31 (40.8%)
CLI 14 (18.4%)
TET 16 (21.1%)
PEN 12 (15.8%)
PEN + TET + CLI 3 (4%)

Legend: PEN—penicillin; CLI—clindamycin; TET—tetracycline.

Additionally, two MRSP strains (1.2%) were isolated from samples collected from dogs
with otitis externa (Table 3).

Regarding the MRSP strains, in addition to resistance to 3-lactam antibiotics, they
also exhibited resistance to antimicrobials from the following classes: aminoglycosides,
tetracyclines, fluoroquinolones, macrolides, lincosamides, and sulfonamides + pyrimidines
(Table 3).

A comparative statistical analysis of S. pseudintermedius prevalence and antimicrobial
resistance between isolates from dogs with otitis externa and those from clinically healthy
dogs is presented below (Table 5). This analysis includes p-values, false discovery rate
(FDR)-adjusted g-values, risk differences (RD), and relative risks (RR) with 95% confidence
intervals, providing an inferential assessment of the significance and magnitude of the
observed differences.
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Table 5. Statistical comparison of antimicrobial resistance rates in S. pseudintermedius isolates from

dogs with otitis externa and from clinically healthy dogs.

Healthy Dogs (n/N,

Risk Difference (%,

Relative Risk (95%

Antimicrobial/Parameter Otitis Externa (n/N, %) %) p-Value q-Value (FDR) 95% CI) D
p;ﬂ;};‘;ﬁ d(isu's) 160/400 (40.0%) 76/360 (21.1%) <0.0001 - 18.9% (12.2%, 25.6%) 1.90 (1.52-2.36)
Penicillin resistance 37/160 (23.1%) 15/76 (19.7%) 0.5712 0.6614 3.4% (—8.4%, 15.2%) 1.17 (0.67-2.04)
Oxacillin resistance (MRSP) 2/160 (1.3%) 0/76 (0.0%) 0.5303 0.6614 1.3% (—1.3%, 4.0%) 3.39 (0.17-66.7)
Gentamicin resistance 2/160 (1.3%) 0/76(0.0%) 0.5303 0.6614 1.3% (—1.3%, 4.0%) 3.39 (0.17-66.7)
Tetracycline resistance 60/160 (37.5%) 19/76 (25.0%) 0.0714 0.1429 12'5;/24(1:/01)'1%’ 1.50 (0.96-2.33)
Ciprofloxacin resistance 2/160 (1.3%) 0/76(0.0%) 0.5303 0.6614 1.3% (—1.3%, 4.0%) 3.39(0.17-66.7)
Moxifloxacin resistance 2/160 (1.3%) 0/76 (0.0%) 0.5303 0.6614 1.3% (—1.3%, 4.0%) 3.39 (0.17-66.7)
Erythromycin resistance 2/160 (1.3%) 0/76(0.0%) 0.5303 0.6614 1.3% (—1.3%, 4.0%) 3.39(0.17-66.7)
Clindamyecin resistance 35/160 (21.9%) 17/76 (22.4%) 0.9284 0.9284 *0'5;/ . '%;01)2'8%' 0.98 (0.58-1.64)

Trimethoprim-
Sulfamethoxazole 6/160 (3.8%) 0/76 (0.0%) 0.1832 0.3664 3.8% (—0.9%, 8.4%) 6.15 (0.35-107.8)
resistance

MDR (>3 classes) 14/160 (8.7%) 3/76 (4.0%) 0.2845 04735 4.7% (—3.9%, 13.3%) 217 (0.64-7.31)
MRSP (oxacillin-resistant) 2/160 (1.3%) 0/76(0.0%) 0.5303 0.6614 1.3% (-1.3%, 4.0%) 3.39(0.17-66.7)

Note: p-values < 0.05 were considered statistically significant. False discovery rate (FDR)-adjusted g-values
were calculated using the Benjamini-Hochberg procedure and are presented for comparisons involving multiple
antimicrobial resistance outcomes. The prevalence comparison was not included in the multiple testing correction
as it represents a single test; therefore, only the raw p-value is reported for this parameter. Risk difference (RD)
and relative risk (RR) are provided with 95% confidence intervals (CI). RD represents the absolute difference in
resistance proportions between the two groups, whereas RR reflects the relative likelihood of resistance in isolates
from dogs with otitis externa compared to those from clinically healthy dogs.

3. Discussion

The prevalence of S. pseudintermedius in this study was 40%, which is consistent
with findings reported by Hassan et al. [15] (41.6%) and Penna et al. [16] (38.4%), and
somewhat higher than the 31.5% reported by De Martino et al. [17]. These similarities
may reflect broadly comparable epidemiological conditions and sampling strategies across
studies, such as targeting clinical isolates from companion animals with similar clinical
presentations. However, slight differences in prevalence could stem from geographic
variability, including differences in population density, pet ownership practices, and local
veterinary diagnostic capacities. Moreover, differences in study design, such as sample
size or inclusion criteria, could also influence prevalence rates and partially account for the
variability observed across studies.

AMR profile revealed a predominance of tetracycline resistance (37.5%) (Table 1), con-
sistent with De Martino et al. [17] (35.5%) and Rosales et al. [18] (41.7%). The slightly lower
or higher values observed in these studies likely reflect variations in local antimicrobial
usage patterns. For example, tetracyclines remain widely used in veterinary medicine due
to their broad-spectrum activity and affordability, which may contribute to a sustained
selective pressure favoring resistant strains. The even higher resistance rate reported by
Tesin et al. [19] (52%) may be influenced by regional overuse or misuse of tetracyclines, as
well as the inclusion of isolates from animals with recurrent infections, where resistance is
typically higher.

Resistance to penicillin was observed in 23.1% of isolates. This rate is considerably
lower than the values reported by Bourély et al. [20] (68.5%), Rosales et al. [18] (69%), and
Scherer et al. [21] (77.3%), but higher than the 7% reported by Rubin et al. [22]. Several
factors may account for these discrepancies. First, methodological differences, such as
the antimicrobial susceptibility testing method employed (e.g., disk diffusion vs. MIC
determination), the inclusion or exclusion of intermediate isolates, and the interpretive
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criteria applied (e.g., CLSI vs. CA-SFM)), can significantly influence reported resistance
rates [22]. Second, the studies differ in the bacterial populations analyzed: while our study
focused exclusively on S. pseudintermedius, others may have included mixed staphylococcal
species or isolates pre-selected based on methicillin susceptibility, which could introduce
selection bias. Third, regional variation in antimicrobial stewardship strategies, veterinary
prescribing behaviors, and regulatory frameworks likely contribute to differences in resis-
tance patterns. Given these substantial methodological and epidemiological differences,
direct comparisons across studies should be interpreted with caution.

Clindamycin resistance was observed in 21.9% of isolates, aligning with Rosales
et al. [18] (29.4%) but higher than the 9% reported by Norstrom et al. [23]. These differences
may reflect variation in the therapeutic use of lincosamides across regions. Moreover,
Norstrom et al. [23] isolated S. pseudintermedius from both otic and skin infections, and it is
possible that site-specific differences in bacterial populations or exposure to clindamycin
contributed to the lower resistance observed.

Gentamicin resistance was low (1.3%) in our study, which matches the 1% reported
by Bugden [24] and is notably lower than values from De Martino et al. [17] (11.1%),
Bourély et al. [20] (13.5%), and Rosales et al. [18] (17.6%). This finding may suggest that
aminoglycosides are either used sparingly or mainly in severe infections where culture and
sensitivity testing are performed, limiting their contribution to resistance selection.

Similarly, erythromycin resistance was very limited (1.3%), in stark contrast to the
much higher rates reported by Rosales et al. [18] (29.7%), Bourély et al. [20] (29.8%), and
especially Penna et al. [16] (80%). These discrepancies likely reflect regional differences in
antimicrobial policies and prescription behaviors, and possibly different exposure histories
of the bacterial populations sampled.

Trimethoprim-sulfamethoxazole resistance was found in only 3.8% of isolates, consistent
with Rubin et al. [22] (5%), but considerably lower than rates reported by Rosales et al. [18]
(18%) and De Martino et al. [17] (46.6%). The low resistance rate observed in our study may
indicate either limited use of this antibiotic in clinical veterinary practice or its continued efficacy
due to stewardship efforts. It is also possible that local veterinary guidelines prioritize other
antimicrobials, thus reducing the selective pressure for resistance to this compound.

In the present study, the susceptibility of S. pseudintermedius isolates was assessed with
respect to several antimicrobials reserved solely for human use. These included linezolid,
vancomycin, tigecycline, and teicoplanin—agents classified as important and reserved for
the treatment of human infections. Additionally, moxifloxacin, a fluoroquinolone approved
for human use, was tested [25]. All isolates were susceptible to antibiotics reserved for
human use (linezolid, vancomycin, tigecycline, and teicoplanin), demonstrating 100%
susceptibility (1 = 160) (Tables 1 and 2). In contrast, a resistance rate of 1.3% (n = 2) was
observed for moxifloxacin (Table 1). The monitoring of AMR should extend beyond agents
exclusively used in veterinary medicine, given the zoonotic threat posed by MRSP and its
capacity to spread AMR genes via horizontal gene transfer [26].

Regarding MDR strains, they were isolated at a rate of 8.7% in this study (Table 3).
Our findings differ from those reported by Viegas et al. [11], who documented an MDR
prevalence of 14.5% among S. pseudintermedius strains isolated from canine external otitis
cases.

The proliferation MDR bacterial strains constitutes a critical threat to global health,
as underscored by the World Health Organization. The rising incidence of infections
attributable to MDR organisms, alongside the dwindling efficacy of current therapeutic
options, is projected to contribute to increased fatality levels among animal and human
hosts affected by such diseases. MDR is generally defined by resistance to antimicrobial
agents spanning a minimum of three distinct antimicrobial classes [27].
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Regarding the MRSP strains, they were isolated at a rate of 1.2% in this study (Table 3).
Our results differ from those reported by Viegas et al. [11], who found MRSP strains in
17.6% of dogs with external otitis. According to the literature, the prevalence of MRSP
among canine populations shows wide variation, with reported values spanning from 0%
to 60% [11]. It is important to note that drawing direct comparisons across studies can be
challenging, as MRSP prevalence is influenced by multiple factors, including the study
population, sample type, geographic location, and methodological approach [11].

According to CLSI guidelines, staphylococci showing resistance to oxacillin are in-
terpreted as resistant to each class of 3-lactam antibiotics. In antimicrobial susceptibility
testing, methicillin was substituted with oxacillin due to its greater stability [28]. Beyond
their resistance to p-lactam antibiotics, MRSP strains commonly possess resistance to
several other antimicrobial drug classes [13].

Regarding penicillin resistance among S. pseudintermedius strains isolated from the
ears of healthy dogs, the prevalence observed in this study was 19.7% (Table 2). This value
is lower than the 39.9% reported by Rubin and Chirino-Trejo [29], who analyzed isolates
from nasal, pharyngeal, and rectal sites. One possible explanation for this discrepancy
is the anatomical site of sampling, as microbial populations and resistance profiles can
vary significantly between different body regions due to differences in local microenvi-
ronments and antimicrobial exposure. In addition, geographic variation and differences
in antimicrobial use practices between populations or regions may also contribute to this
divergence.

Similarly, the tetracycline resistance rate in our study was 25%, closely aligning with
the 23.5% reported by Rubin and Chirino-Trejo [29]. This consistency might suggest a more
stable pattern of tetracycline resistance across different body sites and potentially across dif-
ferent geographical regions. However, the similarity could also reflect the widespread and
long-term use of tetracyclines in veterinary medicine, which may have exerted consistent
selective pressure over time.

Regarding MRSP, no strains were identified in our study. This is consistent with the
findings of Rubin and Chirino-Trejo [29], who also reported no MRSP in clinically healthy
dogs. The absence of MRSP in both studies could indicate a relatively low prevalence of
methicillin resistance in S. pseudintermedius among healthy canine populations, at least in
the sampled regions. It may also suggest that MRSP carriage is more closely associated
with clinical infections [30] or prior antimicrobial exposure, which were not present in the
healthy dogs studied.

The current understanding of the epidemiology, zoonotic potential, and antimicrobial
resistance patterns of S. pseudintermedius in healthy canine carriers remains limited. Given
the implications for both veterinary and public health, further investigations are essential
to better characterize and address these critical areas [29].

In this study, the S. pseudintermedius strains isolated from dogs with otitis externa
exhibited a more diverse and extensive antimicrobial resistance profile compared to those
isolated from clinically healthy dogs. Although the proportion of strains susceptible to
all tested antimicrobials was relatively similar between the two groups (38.1% in dogs
with otitis externa vs. 40.8% in healthy dogs), resistance to tetracycline, penicillin, and
clindamycin was more frequently observed among pathogenic strains. Notably, MRSP
strains were exclusively isolated from dogs with otitis externa. All isolates were susceptible
to antibiotics reserved for human medicine—such as linezolid, teicoplanin, vancomycin,
and tigecycline—which were included in the testing panel due to the zoonotic potential of S.
pseudintermedius. No resistance was observed to fusidic acid either. These findings support
the notion that S. pseudintermedius strains isolated from both healthy and diseased dogs
may harbor antimicrobial resistance and pose potential risks for zoonotic transmission,
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although strains associated with otitis externa tend to exhibit more frequent and complex
resistance patterns.

Recent research has shown that S. pseudintermedius, particularly methicillin-resistant
strains (MRSP), may pose a zoonotic risk. Sequence types such as ST45, ST71, and ST121
were detected in both companion animals and human clinical samples, and whole-genome
comparisons revealed high similarity between isolates, suggesting possible recent inter-
species transmission [31].

Genomic analysis revealed notable diversity, including 23 STs among animal-derived
strains and ten novel variants. Most isolates carried common resistance genes like mecA
and blaZ, along with others conferring resistance to aminoglycosides, macrolides, and
tetracyclines. Virulence factors such as sps, ica, and leukotoxin genes were also present and
appeared to vary by sequence type, suggesting host adaptation [31].

While no direct correlation between host and ST was found, the genetic overlap
between isolates from animals and humans highlights the zoonotic potential of MRSP and
supports the need for One Health surveillance strategies [31].

Mobile genetic elements, such as SCCmec types III, IVg, V, and VII, were identified
across MRSP isolates and played a key role in the dissemination of resistance genes,
particularly mecA. Specific point mutations associated with fluoroquinolone resistance (e.g.,
grlA S80I and gyrA S84L) were frequently observed, especially in ST71 and ST339. These
genomic features, alongside the presence of biocide resistance and virulence-associated
genes, underline the adaptability of S. pseudintermedius and its potential to persist in both
veterinary and human environments [32].

Moreover, the recent literature provides additional context that complements our
findings. Regional studies have highlighted the clinical relevance of S. pseudintermedius and
other staphylococcal species isolated from cutaneous and mucosal infections in companion
animals [33,34]. Comprehensive reviews have described major epidemiological shifts in
MRSP prevalence and explored alternative therapeutic strategies to address emerging
resistance patterns [35]. Large-scale surveillance investigations from European veterinary
clinics have further reported substantial MDR prevalence and complex co-resistance pro-
files among S. pseudintermedius isolates [36]. In addition, meta-analyses of canine otitis
externa and pyoderma cases confirm a wide range of prevalence values across geographical
regions [37], while recent studies emphasize the influence of host-related and management-
associated factors on the development and spread of antimicrobial resistance in canine
populations [38].

The statistical analysis further reinforces the robustness of our findings, demonstrating
significant differences in prevalence and antimicrobial resistance between isolates from
diseased and clinically healthy dogs. The inclusion of p-values, FDR-adjusted g-values, and
relative risk estimates provides quantitative evidence of these differences, underscoring
their clinical and epidemiological relevance.

3.1. Limitations

This study has some limitations. The sampling was restricted to a single urban area,
which may affect the generalizability of the findings. Furthermore, genetic characterization
of resistance determinants was not performed.

3.2. Strengths

By documenting the presence of methicillin-resistant and multidrug-resistant S. pseud-
intermedius in dogs, this study highlights the zoonotic risks and reinforces the importance
of prudent antimicrobial use within a One Health perspective.
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4. Materials and Methods
4.1. Study Design

The study was conducted between 2022 and 2025 and involved the collection of
samples from dogs diagnosed with otitis externa, as well as from clinically healthy dogs
presented for routine procedures (such as sterilization, vaccination, or deworming) at
various veterinary clinics in Timisoara, Romania.

4.2. Sample Collection

Samples were collected from 400 dogs presenting clinical signs of otitis externa and
from 360 clinically healthy dogs. Bilateral ear swabs were taken using sterile cotton swabs,
which were immediately placed in Amies (Oxoid, Basingstoke, UK) transport medium and
stored at 4 °C for a maximum of 24 h prior to processing.

Samples were collected from 400 dogs presenting clinical signs of otitis externa and
360 clinically healthy dogs. Bilateral ear swabs were obtained using sterile cotton swabs,
placed in Amies transport medium, and stored at 4 °C for a maximum of 24 h prior to
processing. Although samples were collected from both ears, only one S. pseudintermedius
isolate per dog was included in the final analysis. This methodological choice was made
to prevent pseudoreplication and overrepresentation of clonal isolates from the same
individual, which could bias prevalence and antimicrobial resistance estimations. By
focusing on a single representative isolate per host, the study ensured that epidemiological
comparisons between diseased and healthy dogs reflected true host-level dynamics rather
than intra-individual variability.

In cases where multiple S. pseudintermedius isolates displaying identical antimicrobial
resistance profiles were recovered from the same animal, only one representative isolate
was retained to avoid data duplication and potential overestimation of strain prevalence.
While this approach may have limited the detection of intra-host diversity and potential
strain coexistence, it provided a more robust and accurate assessment of S. pseudintermedius
occurrence and resistance patterns across the study population. This strategy aligns with
standard epidemiological practices for prevalence and resistance studies, emphasizing
comparability between clinical and healthy cohorts.

We acknowledge that phenotypic similarity does not necessarily imply clonal identity,
as horizontal gene transfer or convergent evolution may result in similar resistance pheno-
types among distinct strains. Therefore, future research incorporating molecular typing
techniques, such as multilocus sequence typing (MLST), pulsed-field gel electrophoresis
(PFGE), or whole-genome sequencing (WGS), is warranted to explore intra-host diversity
and confirm genetic relatedness among S. pseudintermedius isolates.

4.3. Bacterial Isolation and Species Identification

Ear swab samples were cultured on two types of media: Columbia agar supple-
mented with 5% sheep blood ((Oxoid, Basingstoke, UK), a non-selective enriched medium
that allows hemolysis evaluation, and Chapman agar (Mannitol Salt Agar; bioMérieux,
Marcy—l’Etoile, France), a selective and differential medium for the isolation of halotolerant
staphylococci and their differentiation based on mannitol fermentation. The plates were
incubated aerobically at 35 °C for 18-24 h. Suspected colonies were selected based on
characteristic morphology and subjected to Gram staining, catalase testing, and, when
appropriate, coagulase testing. Suspect colonies were subcultured to obtain pure isolates,
which were subsequently identified using MALDI-TOF mass spectrometry.

Prior to antimicrobial susceptibility testing, presumptive S. pseudintermedius isolates
were identified using MALDI-TOF MS (matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry; Bruker Daltonik, Bremen, Germany). Bacterial protein extracts
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were prepared following a standard ethanol/formic acid protocol. A volume of 1 pL
from the prepared sample was placed on a MALDI target plate, and subsequently layered
with 1 pL of matrix solution composed of x-cyano-4-hydroxycinnamic acid (10 mg/mL),
prepared in 50% acetonitrile mixed with 2.5% trifluoroacetic acid. Spectra acquisition
was performed using a Microflex™ mass spectrometer (Bruker Daltonik GmbH, Bremen,
Germany), and data were processed via MALDI BioTyper™ 3.0 software (Bruker Daltonik
GmbH, Bremen, Germany). Species determination was based on spectral comparison
against the manufacturer’s database. According to the scoring criteria provided by Bruker,
values > 2.0 were accepted as reliable species-level identification, whereas scores ranging
from 1.7 to 1.99 were interpreted as indicative of genus-level classification [39].

Quality control (QC) for MALDI-TOF identification was initially performed using
Staphylococcus aureus ATCC 25923 as a general control strain, in accordance with man-
ufacturer recommendations. To further ensure the accuracy of species identification, a
representative subset of isolates was re-analyzed using the well-characterized S. pseudin-
termedius DSM 21284 reference strain as a species-specific QC. The results confirmed the
identity of all isolates originally included in the study, thereby reinforcing the robustness of
the identification procedure. Moreover, the Bruker Biotyper database used in this study
contained manufacturer-validated protein spectra for S. pseudintermedius, ensuring accurate
and reliable identification.

The Biotyper database used included manufacturer-validated protein spectra for S.
pseudintermedius.

4.4. Antimicrobial Susceptibility Testing (AST)

Antimicrobial susceptibility was assessed with the VITEK® 2 Compact system
(bioMérieux, Marcy—l’Etoile, France), in line with the manufacturer’s recommendations.
Initially, pure bacterial colonies were isolated, and suspensions were made in sterile saline,
with turbidity adjusted to correspond to the 0.5 McFarland standard. To evaluate resistance,
specific cards for Gram-positive strains (VITEK® AST-GP79; bioMérieux, Marcy-1'Etoile,
France) were employed [40].

Antimicrobial susceptibility profiling was performed using 14 antimicrobial agents
belonging to 11 different classes. The tested substances included: penicillin and oxacillin
(B-lactams); gentamicin (aminoglycosides); tetracycline (tetracyclines); ciprofloxacin and
moxifloxacin (fluoroquinolones); erythromycin (macrolides); clindamycin (lincosamides);
linezolid (oxazolidinones); teicoplanin and vancomycin (glycopeptides); fusidic acid
(fusidanes); tigecycline (glycylcyclines); and trimethoprim—sulfamethoxazole (sulfon-
amides + pyrimidines).

Calibration and quality control of the VITEK® 2 Compact system were performed daily
according to the manufacturer’s instructions, using the quality control strain Staphylococcus
aureus ATCC 29213.

Interpretation of susceptibility results was carried out in accordance with the CLSI
VETO01, Fifth Edition (2018) standard, which is specifically designed for bacterial isolates
from animals [41].

4.5. Ethical Approval

Ethical approval for this study was granted by the Bioethics Commission of the
University of Life Sciences “King Mihai I” in Timisoara (Approval No. 592, dated 9
September 2025). The research was conducted without involving experimental procedures
on live animals and complied with all relevant ethical standards for animal research.
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Statistical analyses were conducted using Chi-square or Fisher’s exact tests for propor-
tions, with significance set at p < 0.05; false discovery rate (FDR) adjustment, risk difference
(RD), and relative risk (RR) with 95% confidence intervals were reported.

5. Conclusions

S. pseudintermedius was identified with a significant prevalence in both dogs with
otitis externa (40%) and clinically healthy dogs (21.1%), highlighting its role as a relevant
pathogen and a potential community reservoir. The antimicrobial resistance profile revealed
a notably high resistance to tetracyclines in both groups, indicating a selective pressure
associated with the frequent use of this antibiotic class.

MRSP was detected at a low rate (1.2%) among dogs with otitis externa; however,
MRSP strains exhibited multidrug resistance, including resistance to other critically impor-
tant antimicrobial classes. This raises concerns regarding the therapeutic challenges posed
by these infections and the potential for dissemination of resistant strains.

Moreover, MDR isolates were present in both diseased and healthy dogs, suggesting
that clinically healthy animals may act as important reservoirs of resistant bacteria with
potential zoonotic implications.

These findings underscore the urgent need for robust antimicrobial resistance surveil-
lance strategies and the prudent use of antibiotics in veterinary medicine, in order to limit
the spread of resistant strains and safeguard both animal and public health.
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The following abbreviations are used in this manuscript:

S. pseudintermedius ~ Staphylococcus pseudintermedius
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AMR Antimicrobial resistance
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MDR Multidrug resistance
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MALDI-TOF MS Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
BTS Bacterial Test Standard
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