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High Prevalence of Methicillin- and Multidrug-Resistant Golden Staphylococci in Nasal Carriage of Companion Dogs in South Region of Espírito Santo, Brazil: Implications for One Health Surveillance 
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ABSTRACT

	Aims: This study aimed to determine the prevalence and antimicrobial resistance profiles of golden-pigmented staphylococci isolated from the nasal mucosa of dogs that visited at a veterinary clinic in Bom Jesus do Norte, Espírito Santo, Brazil, in 2024, considering zoonotic implications and the One Health paradigm.
Study design: The study employed a cross-sectional, descriptive, retrospective, and observational design, involving microbiological data collection and antimicrobial susceptibility testing.
Place and Duration of Study: The research was conducted with dogs attending a veterinary clinic in Bom Jesus do Norte, southern Espírito Santo, Brazil. Sample collection occurred between February and December 2024.
Methodology: The sample comprised 72 healthy dogs that had not received antimicrobials in the six months prior to sampling and whose owners provided informed consent. Nasal swabs were collected and inoculated onto mannitol salt agar and sheep blood agar. Following isolation of golden-pigmented colonies, phenotypic identification was performed using Gram staining, catalase, coagulase, DNase, hemolysis on blood agar, and mannitol fermentation tests. Antimicrobial susceptibility testing was carried out via the Kirby-Bauer disk diffusion method, following EUCAST guidelines. Fifteen antibiotics from different classes were tested. 
Results: The prevalence of golden-pigmented staphylococci was 31.9% (23/72). Universal resistance to natural penicillins (penicillin and ampicillin) was observed. Resistance to cefoxitin, a phenotypic marker for methicillin resistance, was 60.9%, with an additional 30.4% of isolates classified as intermediate, yielding a total of 91.3% potentially methicillin-resistant strains when both categories were combined. Oxacillin showed only 13.0% resistance or intermediate results, underscoring its inadequacy as a standalone marker for methicillin resistance. Most isolates were susceptible to linezolid, rifampicin, Tetracycline, and gentamicin. One isolate was resistant to vancomycin, and another exhibited intermediate susceptibility. The multidrug resistance rate (resistance to ≥3 antibiotic classes) was 47.8% (11/23). Resistance profiles differed significantly from prior Brazilian studies, showing higher resistance to beta-lactams and lower resistance to sulfamethoxazole-trimethoprim and ciprofloxacin.
Conclusion: The high prevalence of methicillin-resistant and multidrug-resistant golden staphylococci in apparently healthy dogs indicates that these animals serve as community reservoirs of antimicrobial resistance. These findings reinforce the need for rational antimicrobial use in both human and veterinary medicine, continuous surveillance, and implementation of biosafety practices—particularly in settings of close human–animal interaction. The detection of vancomycin-resistant strains—an antibiotic not used in veterinary medicine—suggests possible reverse zoonotic transmission or horizontal gene transfer from human strains, highlighting the interdependence of human, animal, and environmental health. Addressing this issue through the One Health lens is essential to mitigate the risks associated with the dissemination of resistant strains.
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1. INTRODUCTION 

Bacteria of the genus Staphylococcus are ubiquitous by nature. Their ecological versatility enables them to survive and proliferate in diverse niches, including inanimate surfaces in hospital and domestic environments, food products, and as either transient or permanent members of the skin and mucosal microbiota of humans and companion animals. This omnipresence is a key determinant in health–disease dynamics, as their ecological role can range from commensal colonization to opportunistic pathogenicity, depending on various host and environmental factors (Esposito et al., 2023; Chang et al., 2025). In dogs, cats, humans, and other species, these bacteria typically establish themselves harmlessly as part of the resident microbiota, often escaping clinical attention until favorable conditions, such as host immunosuppression, trigger localized or systemic infections (Saengsawang et al., 2025; Viñes et al., 2024). This adaptability underscores the critical need for ongoing surveillance: understanding the ecological, genetic, and environmental mechanisms governing staphylococcal colonization is essential for anticipating outbreaks, preventing cross-transmission, and mitigating the emergence of resistant strains.
Coagulase-positive staphylococci, characterized by the formation of golden-pigmented colonies on conventional culture media as a distinctive morphological feature, are commonly referred as “golden staphylococci.” This group encompasses Staphylococcus species with pathogenic potential, which share the phenotypic hallmark of producing golden to yellowish colonies on standard media and possess the enzymatic capacity to coagulate plasma through the conversion of fibrinogen to fibrin (Pickering et al., 2021; Sewid & Kania, 2024; Chehida et al., 2024). This pigmentation is primarily due to carotenoid pigments, especially staphyloxanthin, a yellow-orange carotenoid that not only imparts the characteristic golden hue but also plays a critical role in bacterial defense by neutralizing reactive oxygen molecules, thereby enhancing survival and virulence (Liu et al., 2020; Yang et al., 2020).
Historically, differentiating golden staphylococcal species has been challenging due to overlapping phenotypic characteristics, particularly the coagulase production: a key diagnostic feature of pathogenic staphylococci (Pickering et al., 2021). Species within the Staphylococcus intermedius group, including S. intermedius, S. pseudintermedius, S. delphini, and S. schleiferi, were initially recognized as veterinary pathogens and were frequently misidentified as Staphylococcus aureus due to phenotypic similarities (González-Martín et al., 2020; Ubiergo & Castro, 2021; Chrobak-Chmiel et al., 2024). Recent advances in molecular techniques, such as whole-genome sequencing and phylogenetic analyses, have been instrumental in distinguishing these species, revealing distinct evolutionary trajectories and host-specific adaptations (Madhaiyan et al., 2020; Chrobak-Chmiel et al., 2024; Chehida et al., 2024).
Among golden staphylococci with zoonotic potential, Staphylococcus pseudintermedius and Staphylococcus schleiferi are primary pathogens in dogs and cats, while S. aureus, traditionally associated with human colonization and infection, has demonstrated increasing adaptability to animal hosts, particularly in domestic settings with close human–pet contact (Roberts et al., 2024; Moses et al., 2023). Consequently, the relevance of these microorganisms extends beyond veterinary medicine into the One Health paradigm, which recognizes the inextricable links among human, animal, and environmental health. Nasal carriage and infection by golden staphylococci in companion animals not only compromise animal welfare but also figure a growing zoonotic threat. Bidirectional transmission between humans and pets, facilitated by intimate contact, shared environments, and indiscriminate antimicrobial use, promotes the spread of multidrug-resistant strains. This fact urges for better integrated transdisciplinary investigations and control strategies.
Despite their genetic diversity, golden staphylococci share extraordinary genomic plasticity, enabling horizontal transfer of antimicrobial resistance genes across hosts, environments, and species (Bertelloni et al., 2021; González-Martín et al., 2020; Chrobak-Chmiel et al., 2024; Hisirová et al., 2025). However, precise species identification using conventional biochemical methods or even PCR may be challenging in resource-limited settings or during clinical emergencies where rapid decision-making is critical. Even in the absence of definitive taxonomic confirmation, determining antimicrobial resistance patterns, particularly to methicillin, vancomycin, and other last-resort antibiotics, remains essential for appropriate therapeutic management, outbreak containment, and epidemiological surveillance (Muntean et al., 2022; Šolcová & Purkrtová, 2023). Thus, phenotypic characterization of antimicrobial resistance in golden staphylococci is not only valid, but indispensable. It enables immediate infection control interventions, optimizes antimicrobial use, and helps prevent the interspecies dissemination of resistance genes via zoonotic and reverse zoonotic pathways. Given the intimate cohabitation of dogs and their owners, such an approach aligns with the One Health framework, acknowledging the interdependence of human and animal health in the face of pathogens capable of cross-species transmission.
In this context, this present research aimed to determine the prevalence and antimicrobial resistance profiles through phenotypic characterization by antibiogram using the Kirby-Bauer disk diffusion method of golden-pigmented staphylococci isolated from the nasal mucosa of dogs attended at a veterinary clinic in the city of Bom Jesus do Norte, Province of Espírito Santo, Brazil, in 2024.

2. material and methods 

[bookmark: _Hlk211419595]This study employed a cross-sectional, prospective and observational design with a representative sample. It was conducted at a veterinary clinic in Bom Jesus do Norte, southern Espírito Santo, Brazil, between February and December 2024. 
2.1 Inclusion criteria

Inclusion criteria were: (1) no antimicrobial use by the animal in the six months prior to sampling, and (2) informed consent from the dog owner.
2.2 Sample collection

The sample consisted of 72 dogs, each owned by a different tutor, representing various breeds and ages, and originating from Bom Jesus do Norte and neighboring municipalities.Nasal swabs were collected by gently rotating a single sterile swab sequentially in both nostrils against the nasal mucosa.
2.3 culture, identification and Antibiotic susceptibility test

Each sample was immediately inoculated onto mannitol salt agar and sheep blood agar plates using the streak-plate technique. Plates were incubated at 37°C for 24 hours in a bacteriological incubator and re-examined after 48 hours for bacterial growth. From positive cultures, pure golden-pigmented colonies were suspended in pre-warmed sterile saline (37°C) and adjusted to a 0.5 McFarland standard (~10⁸ CFU/mL). Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk diffusion method with commercial CEFAR branding antibiotic disks, following EUCAST (2025) guidelines. The standardized suspension was evenly spread on Mueller-Hinton agar plates using sterile swabs, antibiotic disks were applied, and plates were incubated at 37°C for 24 hours. Inhibition zones were measured using a calibrated ruler against a black background under reflected light and interpreted according to EUCAST breakpoints as resistant (R), susceptible (S), or susceptible with increased exposure (I) (EUCAST, 2025).
Preliminary bacterial identification was based on colony morphology, Gram staining, and biochemical tests: catalase, hemolysis pattern, mannitol fermentation, tube coagulase, and DNase. Staphylococcus aureus ATCC 25923 was used as a quality control strain for antimicrobial susceptibility testing.
The antibiotics tested were: ampicillin, azithromycin, cefoxitin, ciprofloxacin, clindamycin, chloramphenicol, erythromycin, gentamicin, linezolid, oxacillin, penicillin, rifampicin, sulfamethoxazole-trimethoprim, Tetracycline, and vancomycin.

3. results and discussion

Among the 72 examined dogs, 23 tested positive for coagulase-positive staphylococci with golden-pigmented colonies, corresponding to a prevalence of 31.9%. Antimicrobial resistance profiles presented considerable variability among isolates (Table 1).








Table 1.	Antimicrobial susceptibility profile for each positive isolate of coagulase-positive Staphylococcus spp. with golden-pigmented colonies obtained from the nasal mucosa of dogs treated at a veterinary clinic in the municipality of Bom Jesus do Norte, Espírito Santo State, Brazil.

	[bookmark: _Hlk211419784]Antibiotic
	Sample Id number

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	Ampicillin
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	Azithromycin
	S
	S
	R
	S
	R
	S
	S
	S
	S
	I
	S
	I
	I
	S
	S
	I
	S
	S
	S
	R
	S
	S
	S

	Cefoxitin
	R
	R
	I
	R
	R
	R
	R
	I
	I
	I
	I
	S
	S
	R
	R
	R
	S
	R
	I
	R
	R
	R
	R

	Ciprofloxacin
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	R
	S
	S
	S
	S
	S
	S
	S
	S
	S
	I
	S

	Clindamycin
	I
	S
	S
	R
	I
	S
	S
	S
	I
	S
	S
	S
	S
	S
	R
	R
	R
	S
	S
	S
	I
	I
	S

	Chloramphenicol
	S
	I
	S
	S
	S
	S
	I
	S
	S
	S
	S
	I
	I
	I
	S
	I
	S
	S
	S
	S
	S
	S
	I

	Erythromycin
	S
	R
	R
	S
	S
	S
	R
	R
	S
	S
	S
	S
	S
	S
	S
	S
	I
	S
	S
	R
	S
	R
	S

	Gentamycin
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	I
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	Linezolid
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	Oxacillin
	S
	S
	S
	R
	S
	S
	S
	S
	R
	S
	S
	S
	S
	S
	S
	R
	S
	S
	I
	S
	S
	I
	S

	Penicillin
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R

	Rifampicin
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	Sulfamethoxazole–trimethoprim
	S
	I
	S
	S
	I
	I
	S
	S
	S
	S
	I
	R
	S
	S
	S
	R
	S
	R
	R
	S
	S
	R
	R

	Tetracycline
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	Vancomycin
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	I
	S
	S
	S
	S
	S
	R
	S



*Resistant(R), Susceptible, increased exposure (I), Susceptible (S)
Considering the antibiogram results, natural penicillins (penicillin and ampicillin) exhibited universal resistance across all isolates, indicating their limited clinical utility against these strains. Although traditionally classified as an anti-staphylococcal penicillin, oxacillin showed an atypical behavior in this dataset, and was characterized as an outlier due to its relatively low resistance, the presence of intermediate results, and the small dogs sample size. For this reason, it is more appropriate to present cefoxitin as the exclusive representative of the beta-lactam antibiotic class in the context of the relevant clinical resistance observed. This choice is justified by cefoxitin's ability to reflect more consistent and reliable resistance levels among the isolates, especially considering the clinical importance of its accurate detection as a marker for methicillin resistance (Kulkarni, 2024).
Furthermore, the distinction between natural penicillins/ampicillin and anti-staphylococcal penicillins (oxacillin) is fundamental for the correct interpretation of resistance profiles, since pharmacological and phenotypic differences between these groups directly influence therapeutic application and potential strategies for controlling opportunistic infections. This segregation enables a more precise analysis, avoiding ambiguity in resistance interpretation and supporting more precise therapeutic decision-making.

Table 2 - Antimicrobial resistance profile, with clinically and pharmacologically weighted analysis regarding beta-lactams, in positive samples of coagulase-positive Staphylococcus spp. with golden-pigmented colonies isolated from the nasal mucosa of dogs treated at a veterinary clinic in the municipality of Bom Jesus do Norte, Espírito Santo, Brazil.

	[bookmark: _Hlk211763625]Antibiotic class
	Antibiotic
	Resistant(R)
	Susceptible, increased exposure (I)
	Susceptible (S)

	Natural penicillins
	penicilllin, ampicillin
	23
	0
	0

	Anti-staphylococcal penicillins
	oxacilllin
	3
	2
	18

	Beta-lactams (Cephalosporins)
	cefoxitin
	13
	6
	4

	Macrolides
	azithromycin
	3
	4
	16

	
	erythromycin
	6
	1
	16

	Lincosamides
	clindamycin
	4
	5
	14

	Aminoglycosides
	gentamycin
	0
	1
	22

	Oxazolidinones
	linezolid
	0
	0
	23

	Phenicols
	chloramphenicol
	0
	7
	16

	Rifamycins
	rifampicin
	0
	0
	23

	Sulfonamides + Trimethoprim

	sulfamethoxazole–trimethoprim
	6
	4
	13

	Tetracyclinees
	tetracyclin
	0
	0
	23

	Glycopeptides
	vancomycin
	1
	1
	21



Studies on antimicrobial resistance profiles of golden-pigmented staphylococci in dogs have indicated a rising prevalence of multidrug-resistant strains in recent years, complicating veterinary treatment and posing zoonotic risks (Qekwana et al., 2017; Saputra et al., 2017; Moses et al., 2023; Miszczak et al., 2025). Staphylococcus pseudintermedius and Staphylococcus aureus are recognized as primary pathogens in canine skin and soft tissue infections, and their methicillin-resistant variants have become globally endemic (Moses et al., 2023; Nocera & Martino, 2024; Miszczak et al., 2025). Over the past decade, a global increase in resistance to major antibiotic classes, particularly beta-lactams, macrolides, and fluoroquinolones, has been documented, underscoring the clinical and public health significance of this issue (Qekwana, 2016; Saputra et al., 2017; Gagetti et al., 2019; Adiguzel et al., 2022; Moses et al., 2023; Miszczak et al., 2025). In some studies, resistance rates to penicillin and oxacillin among canine S. pseudintermedius isolates have reached alarming levels, with multidrug resistance exceeding 40% (Lord et al., 2022; Myrenås et al., 2024).
In our study, 47.8% of the positive isolates were classified as multidrug-resistant, defined as resistance to three or more antibiotic classes. Of the 11 multidrug-resistant isolates, only one was not resistant to cefoxitin, indicating methicillin susceptibility.
Antimicrobial susceptibility profiling of the 23 Staphylococcus spp. isolates obtained from the nasal cavities of dogs reveals a concerning epidemiological scenario, particularly regarding the emergence and dissemination of methicillin-resistant strains. Reliable phenotypic detection of methicillin resistance is achieved through assessment of cefoxitin susceptibility, which is considered the gold standard according to EUCAST guidelines (Gagetti et al., 2019; Anandkumar et al., 2021; Umar et al., 2023; Wijekoon et al., 2023). In this study, 60.9% of isolates exhibited unequivocal resistance to cefoxitin, while 30.4% were classified as intermediate — a category that, in veterinary clinical practice, warrants extreme caution, as it often reflects heterogeneous mecA expression or technical limitations in testing, thereby implying a high risk in a hypothetic beta-lactam treatment failure. When both resistant and intermediate categories are combined as indicative of methicillin resistance, up to 91.3% of the isolated staphylococci may be considered methicillin-resistant. This high prevalence contrasts sharply with results for oxacillin, which showed only 8.7% resistance and 82.6% susceptibility. Relying solely on oxacillin resistance without molecular confirmation of mecA or mecC genes may lead to inaccurate assessments of methicillin resistance, necessitating more comprehensive testing methods to ensure accurate diagnosis and appropriate treatment planning (Nocera & Martino, 2024). This discrepancy reinforces the conclusion that oxacillin should not be used in isolation as a reliable marker for methicillin resistance (Nocera & Martino, 2024; Giulieri, 2023; Pirolo et al., 2023; Kulkarni, 2024). Concurrently, universal resistance to natural penicillins aligns with the expected pattern of beta-lactamase production and further confirms the obsolescence of these agents in empirical treatment of canine staphylococcal infections (Calabro et al., 2024; Marco-Fuentes et al., 2024). For the remaining antibiotics tested, susceptibility profiles remain favorable, offering viable therapeutic options in potential cases of opportunistic infection across all examined strains.
Similar studies conducted worldwide have reported high resistance rates among coagulase-positive, golden-pigmented Staphylococcus spp. isolated from dogs to beta-lactams, macrolides, lincosamides, Tetracyclines, and sulfonamides, with considerable regional variation in the prevalence of resistant phenotypes (Qekwana et al., 2017; Saputra et al., 2017; Gagetti et al., 2019; Calabro et al., 2024; Marco-Fuentes et al., 2024), likely reflecting differences in antimicrobial prescribing practices for animals and humans, as well as varying environmental selective pressures (Iyori et al., 2021). In our research, although beta-lactam resistance was clearly prevalent, considerable heterogeneity was observed in resistance profiles across other antibiotic classes, providing a broader range of options for effective antibiotic therapy.
The prevalence of methicillin resistance among golden staphylococci isolated from dogs has varied widely across studies, generally ranging from 10% to 50% depending on the region (Saputra et al., 2017; Gagetti et al., 2019; Maksimović et al., 2021; Bitrus et al., 2024; Lai et al., 2022). In Argentina, the prevalence of methicillin-resistant S. pseudintermedius in dogs has been estimated between 10% and 30% (Gagetti et al., 2019; Vigo et al., 2015; Giacoboni et al., 2017), and in Brazil between 13.4% and 24.5% (Penna et al., 2022; Viegas et al., 2022; Teixeira et al., 2023). Our study found a cefoxitin resistance rate of 60.9%, a marker for methicillin resistance, considerably higher than reported in similar studies.
Resistance to last-resort antibiotics such as linezolid and vancomycin has generally been low or absent, although isolated cases have occasionally been reported (Adiguzel et al., 2022; Calabro et al., 2024). In our research, one isolate was resistant to vancomycin and another was classified susceptible only with increased exposure. Both were multidrug-resistant, exhibiting resistance to cefoxitin (indicative of methicillin resistance), sulfamethoxazole-trimethoprim, and other antibiotics. At least two hypotheses may explain these findings. Vancomycin resistance genes may have been transferred from Enterococcus spp. or other Staphylococcus spp. strains to the colonizing Staphylococcus spp. via mobile genetic elements such as plasmids or transposons in environments where these bacteria coexist at high density, such as the gastrointestinal tract or colonized wounds (Kang & Hwang, 2020; Yan et al., 2021). Alternatively, acquisition of resistant strains may have occurred via reverse zoonosis (Caddey et al., 2025). Thus, although vancomycin is not used in veterinary medicine, detection of resistance to this glycopeptide in canine Staphylococcus spp. serves as an epidemiological warning signal, reflecting the complex interplay between human and animal health in antimicrobial resistance dynamics (Shaker et al., 2024).
Temporal trends documented in several studies show a progressive increase over time in resistance among golden staphylococci colonizing companion dogs, particularly to fluoroquinolones, clindamycin, and sulfonamides (Qekwana et al., 2017; Burke & Santoro, 2023; Phophi et al., 2023). Shifts in dominant resistance patterns among methicillin-resistant golden staphylococci over time suggest changes in the population dynamics of resistant isolates, either through increased local prevalence or replacement by host-adapted strains lacking methicillin resistance traits (Adiguzel et al., 2021; Myrenås et al., 2024; Phophi et al., 2023; Teixeira et al., 2023). However, some studies report stabilization or even declines in resistance in certain contexts, attributed to antimicrobial stewardship interventions or regulatory changes in veterinary and hospital settings (Iyori et al., 2021; Moerer et al., 2023). These findings illustrate how One Health–based actions can effectively mitigate the impact of multidrug resistance within the human–animal–environment interface.
There is a scarcity of studies on the prevalence and antimicrobial resistance profiles of golden staphylococci in Brazil (Teixeira et al., 2023). In a study in Rio de Janeiro involving 354 healthy dogs and dogs with pyoderma, Staphylococcus spp. were detected in 283 samples (79.9%). Of 100 nasal swabs from healthy dogs, 89 were positive for Staphylococcus spp. (89%), including 31 identified as S. pseudintermedius, three as S. aureus, 28 as S. schleiferi, and 26 as other species. Among dogs with pyoderma, 72 isolates were obtained: 33 S. pseudintermedius, four S. aureus, 23 S. schleiferi, and 12 other species. Methicillin resistance was detected in 38 isolates, 15 of which originated from nasal samples. S. pseudintermedius showed the highest methicillin resistance rate, followed by S. schleiferi (Penna et al., 2013).
In another study of healthy dogs and dogs with otitis from Rio de Janeiro and Campos dos Goytacazes, Penna et al. (2022) reported a S. pseudintermedius prevalence of 40.6%. Among all S. pseudintermedius-positive isolates (n = 165), resistance rates were: sulfamethoxazole-trimethoprim (52.7%), penicillin (49.7%), erythromycin (49.7%), clindamycin (47.3%), Tetracycline (36.4%), ciprofloxacin (28.5%), gentamicin (13.3%), and rifampicin (3.6%). The authors observed a marked increase in multidrug resistance among methicillin-resistant isolates over the study period, with 49% classified as multidrug-resistant.
In another study in the Rio de Janeiro Province, Teixeira et al. (2023) reported a S. pseudintermedius colonization/infection rate of 56%. These isolates showed the highest disk diffusion resistance rates to penicillin (76.0%), sulfamethoxazole-trimethoprim (60.0%), erythromycin (54.7%), Tetracycline (53.3%), and ciprofloxacin (49.3%). Overall, 63.5% of isolates were multidrug-resistant. Oxacillin resistance was detected in 14 of 75 isolates by disk diffusion, but 18 isolates (24.0%) were genotypically confirmed as methicillin-resistant due to the presence of the mecA gene.
Compared with other Brazilian canine studies, our research found significantly higher penicillin resistance. The methicillin resistance rate in our study (60.9%) is markedly elevated relative to previous reports (13.4% in Penna et al., 2013; 24% in Teixeira et al., 2023), suggesting intense selective pressure favoring methicillin-resistant strains in the canine population of Bom Jesus do Norte. The multidrug resistance rate in our study (47.8%) is lower than that reported by Teixeira et al. (63.5%) but close to that of Penna et al. (49%). These differences may be attributable to variations in sample size or the proportion of colonized versus infected dogs across studies. Our findings align with other Brazilian studies in identifying macrolides, lincosamides, and sulfonamides (as secondary to penicillins) as the antibiotic classes most frequently involved in multidrug resistance. However, ciprofloxacin resistance was considerably lower in our study (4.3%) compared to nearly 50% in Teixeira et al. (2023), possibly indicating less intensive fluoroquinolone use in the local canine population or differences in circulating strain profiles. Similarly, sulfamethoxazole-trimethoprim resistance was markedly lower (17.4%) than the ~50% reported by Penna et al. (2022) and Teixeira et al. (2023).
Within a One Health framework, the close interaction between humans, animals, and their shared environments warrants special attention regarding species with zoonotic and reverse zoonotic potential, particularly concerning infection risk and antimicrobial resistance. S. pseudintermedius strains with matching resistance profiles have been identified in both dogs and their owners, with genomic analyses revealing closely related isolates indicative of interspecies transmission (Afshar et al., 2022; Guimarães et al., 2023; Suepaul et al., 2023; Nocera & Martino, 2024). Horizontal transfer of antimicrobial resistance genes among staphylococcal species, especially in the context of human–dog interactions, is a significant concern. Whole-genome sequencing of S. aureus isolates from various animal hosts, including dogs, has revealed extensive sharing of resistance and virulence genes across lineages and hosts, suggesting a high potential for genetic exchange (Bruce et al., 2022). Coagulase-negative staphylococci from dogs and their owners also show overlapping antimicrobial resistance profiles, with evidence of intra-household transmission, further supporting the notion of genetic exchange between human and canine staphylococci (Genath et al., 2024; Abdullahi et al., 2024).
Although further investigation is needed, it is intriguing that antimicrobial resistance profiles of S. aureus isolated from medical students in Bom Jesus do Itabapoana, a city immediately adjacent to where our canine samples were collected, closely resemble those observed in our study. Among students, S. aureus strains exhibited high beta-lactam resistance and reduced cefoxitin susceptibility as an indicator of methicillin resistance (Curcio et al., 2025). This may reflect a regional resistance pattern in the human population, and reverse zoonotic transmission of S. aureus or genetic exchange between human pathogens and canine-colonizing Staphylococcus spp. through interspecies contact could lead to direct strain sharing or gene transfer, potentially driving homogenization of antimicrobial resistance profiles. 
Under normal circumstances, asymptomatic colonization of dogs by Staphylococcus spp., even multidrug-resistant strains, should not prompt decolonization. Such attempts are ineffective long-term due to frequent recolonization, as staphylococci are part of the normal microbiota of both humans and animals. Moreover, non-targeted decolonization may select for even more resistant strains. However, in specific contexts, such as when dogs accompany owners to healthcare facilities or participate in animal-assisted therapy, more strict control measures are warranted to prevent zoonotic transmission or the establishment of dogs as reservoirs of nosocomial multidrug-resistant strains (Norberg et al., 2024).
This study aimed to assess antimicrobial susceptibility profiles of golden staphylococci using phenotypic disk diffusion methods. The findings suggest potential human health risks due to the zoonotic potential for sharing resistant strains and the capacity of dogs to act as reservoirs of multidrug resistance genes. This concern is heightened by the detection of isolates resistant to antibiotics not commonly used in veterinary medicine, including those considered last-resort therapeutics in human medicine. Nonetheless, the research design has methodological limitations that must be considered when interpreting the results. The relatively small sample size may limit comparability with findings from other canine populations, especially those in distinct geographic, socioeconomic, or clinical contexts. Although the sample is representative of the veterinary clinic’s attended cats in Bom Jesus do Norte, a small city, convenience sampling introduces potential analytical bias, as it includes only animals whose owners seek and can afford veterinary care. Additionally, bacterial identification relied exclusively on phenotypic methods, precluding precise differentiation among members of the Staphylococcus intermedius group, as Staphylococcus pseudintermedius and Staphylococcus schleiferi, and Staphylococcus aureus. Despite sharing the morphological trait of golden-pigmented colonies, these species differ significantly in epidemiology, zoonotic potential, host affinity and resistance profiles.
The differences between resistance profiles observed in our study and those reported in canine populations from Rio de Janeiro, and the similarity to profiles found in humans in the same region (Curcio et al., 2025) deserves further investigation. Molecular techniques such as PCR for mecA or mecC detection and sequencing of marker genes could determine whether this convergence results from common environmental selective pressures acting on distinct strains or from substantial strain sharing between dogs and humans in the region. Confirmation of shared strains between owners and pets would support the hypothesis of bidirectional transmission, a central precept of the One Health approach.

4. Conclusion

Understanding the mechanisms of colonization, virulence factors, antimicrobial resistance patterns, and interspecies transmission dynamics is essential for developing effective strategies for infection prevention, early diagnosis, and control. Such an approach also enables the identification of animal reservoirs of emerging strains, the assessment of how veterinary clinical practices influence microbial resistance, and the formulation of public health policies that promote health in a holistic and sustainable manner. Consequently, investigating these pathogens in companion animals is not merely a matter of veterinary relevance but a critical component of public health security within the comprehensive framework of One Health.
Although phenotypic antimicrobial resistance profiling through antibiogram testing is insufficient for definitive species identification of Staphylococcus colonizing or infecting companion dogs, it serves as a powerful indirect indicator of high-risk lineages. In veterinary settings, where molecular identification is not routinely available, phenotypic susceptibility testing remains the primary diagnostic tool. Preemptive characterization of the resistance profiles of colonizing strains can provide valuable ancillary support in guiding empirical antibiotic therapy when zoonotic infection is clinically suspected in pet owners.
The resistance profiles of golden-pigmented Staphylococcus spp. isolated from the nasal cavities of dogs in our study differ markedly from those reported in other Brazilian investigations. Dogs examined in Bom Jesus do Norte exhibited universal resistance to natural penicillins and markedly higher methicillin resistance, as indicated by cefoxitin, compared with previous studies, whereas resistance to chloramphenicol and sulfamethoxazole-trimethoprim was considerably lower than that observed elsewhere.
From an epidemiological perspective, the high resistance to antimicrobials commonly used in veterinary practice, such as beta-lactams, macrolides, and clindamycin, suggests prior antimicrobial exposure, whether through therapeutic or prophylactic use or indirect contact via shared human–animal environments. In contrast, antibiotics rarely administered to dogs, including linezolid, rifampicin, and Tetracyclinee, demonstrated 100% susceptibility, reinforcing the hypothesis that selective pressure is directly linked to local prescribing patterns. The detection of one vancomycin-resistant isolate and another with intermediate susceptibility, despite vancomycin’s absence in veterinary medicine, points to possible reverse zoonotic transmission or environmental exposure to multidrug-resistant human strains, underscoring the critical interface between human and animal health.
The high prevalence of multidrug-resistant, coagulase-positive, golden-pigmented Staphylococcus spp. in apparently healthy companion dogs positions these animals as community reservoirs of antimicrobial resistance. This finding highlights the urgent need for antimicrobial stewardship in veterinary medicine, continuous surveillance of bacterial resistance, and implementation of biosafety measures, particularly in households with immunocompromised individuals. Therefore, addressing this issue through the One Health lens is essential to understand and mitigate the dissemination of resistant strains across the human–animal–environment ecosystem.
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