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ABSTRACT
The potential role of stray dogs as reservoirs and disseminators of zoonotic antimicrobial-resistant pathogens to humans has long
been underestimated. This study aimed to assess the occurrence of antimicrobial-resistant Staphylococcus spp. strains in the ear
and nasal swabs collected from stray dogs housed at the Veterinary Hospital of Local Health Authority ASL Napoli 1 Centro. Out
of 306 skin samples analysed, 256 bacterial strains were isolated using selective and differential media and identified through
MALDI-TOF MS technology. The antimicrobial resistance profiles of the isolated strains were determined using the Kirby–Bauer
disc diffusionmethod onMueller–Hinton agar, testing susceptibility to 19 antimicrobials across 10 classes. Staphylococcus spp. was
isolated in 46% of cases (119/256), with Staphylococcus pseudintermedius being the most prevalent species (50%; 59/119), followed
by Staphylococcus simulans (17%; 20/119) and Staphylococcus aureus (14%; 17/119). The evaluation of the antimicrobial resistance
profiles revealed a great circulation of methicillin-resistant strains in the stray dog population, as highlighted by the high levels of
resistance recorded for penicillin (83.2%; 99/119), cefoxitin (72.3%; 86/119) and oxacillin (62.2%; 74/119). Notably, 85% (101/119) of the
isolates were classified as multidrug-resistant, being resistant to three or more antimicrobial classes. These findings suggest that
stray dogs may serve as important reservoirs of multidrug-resistant staphylococci, highlighting the need for ongoing surveillance
andmonitoring of antimicrobial resistance in these animals, especially in the context of theOneHealth approach that links human,
animal and environmental health.

1 Introduction

Staphylococci are ubiquitous bacteria, known to be the predomi-
nant components of the skin microbiota of humans and animals
(Weese 2013; Misic et al. 2015; García-Fonticoba et al. 2020),
and, being opportunistic pathogens, they are often implicated in
skin disorders in their hosts (Del Giudice 2020; Nocera, Parisi,

et al. 2020). Dogs contribute significantly to the epidemiology of
Staphylococcus spp. Particularly, the most prevalent staphylococ-
cal species isolated from skin samples of healthy dogs is repre-
sented by Staphylococcus pseudintermedius (S. pseudintermedius),
with Staphylococcus aureus (S. aureus) and Staphylococcus epi-
dermidis (S. epidermidis) occurring less frequently (Nocera et al.
2023).
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Classified within the Staphylococcus intermedius Group (SIG)
alongside S. intermedius, Staphylococcus delphini, Staphylococcus
cornubiensis and Staphylococcus ursi (Carroll et al. 2021), S.
pseudintermedius constitutes a key component of the canine skin
microbiota. It is widely recognized as the predominant commen-
sal and opportunistic pathogen in dogs (Nocera and De Martino
2024), often implicated in a range of pathological conditions
including pyoderma, otitis externa, respiratory tract infections,
urinary tract infections (UTIs) and reproductive system infections
(Lynch and Helbig 2021; Nocera, Meroni, et al. 2020; Nocera et al.
2021). Notably, in recent years, S. pseudintermedius has garnered
attention for its zoonotic potential, as it can transiently colonize
humans and, in some cases, cause serious infections, particularly
in immunocompromised individuals (Moses et al. 2023).

It has been reported that up to 97.8% of methicillin-resistant S.
pseudintermedius (MRSP) isolates aremultidrug-resistant (MDR)
(Wegener et al. 2018). Additionally, recent studies have also
documented high levels of multidrug resistance in both MRSP
and methicillin-susceptible S. pseudintermedius (MSSP) with
resistance to antimicrobials used in veterinarymedicine aswell as
those intended for human use (Nocera, Parisi, et al. 2020; Bellato
et al. 2022; Nocera et al. 2022; Rana et al. 2024), underscoring
the escalating challenge posed by the dissemination of MDR S.
pseudintermedius strains, which significantly limits therapeutic
options in both veterinary and human medicine.

S. aureus is one of the primary opportunistic pathogens affecting
both humans and animals globally (Haag et al. 2019; Cheung
et al. 2021). This bacterium possesses a wide range of virulence
factors and the remarkable ability to rapidly acquire resistance
determinants to most antibacterials, with methicillin-resistant S.
aureus (MRSA) strains being of the greatest clinical significance
(Cheung et al. 2021; Tuon et al. 2023). In pet animals, S. aureus
is usually implicated in skin and soft tissue infections, such
as pyoderma and otitis (Haag et al. 2019; Costa et al. 2022).
Dogs and cats are generally only transiently colonized by S.
aureus; however, recent evidence indicates a rise in infections,
particularly those caused by community-associated MRSA (CA-
MRSA), which poses a potential risk for nosocomial transmission
in veterinary settings (Silva et al. 2022). Particularly, MRSA
strains recovered from pet animals are primarily of human origin,
reflecting the potential transmission between owners and their
pets in shared environments, emphasizing that concurrentMRSA
colonization in humans and their pets is often indistinguishable
(Bierowiec et al. 2016; Cuny et al. 2022; Orsini et al. 2022).
Moreover, the extensive use of antimicrobials also in veterinary
practice has accelerated the spread of S. aureus isolates resistant
to multiple classes of antimicrobials, contributing to a relevant
rise inMDR strains (Costa et al. 2022; Lord et al. 2022). Therefore,
it is evident that, at present, S. aureus strains posing relevant risks
to both public and animal health are characterized not only by
methicillin resistance but also by multidrug resistance.

Stray dogs make up a large part of the canine population in
numerous geographical areas globally. Although stray animal
control in the Campania Region has notably improved in recent
years, partly due to the implementation of the Italian Law 281/91
(Framework Law on the Protection of Companion Animals and
the Control Against Stray Animals 1991), resulting in a reduction
of stray animals in the region, their numbers remain substantial.

According to the Ministry of Health’s report on stray animals
(Ministry of Health 2023), 67,567 and 22,040 stray dogs and cats
entered sanitary and shelter kennels, respectively, across Italy.
Specifically, in the Campania Region, 8833 dogs were reported
to enter sanitary kennels and 4897 entered shelter kennels, in
addition to those still roaming free in this geographical area.

Stray dogs, often living in poor conditions with limited access
to veterinary care, may act as reservoirs for MDR and zoonotic
bacterial pathogens. Despite this, data on the occurrence of
staphylococci in these animals remain scarce. Considering the
critical role of staphylococci in harbouring and transmitting
antimicrobial resistance genes, this study aimed to investigate
the occurrence and antimicrobial resistance profiles of Staphy-
lococcus spp. strains isolated from skin samples of healthy
stray dogs admitted to the Veterinary Hospital of the Regional
Reference Center for Veterinary Urban Hygiene (CRIUV) of the
Local Health Authority ASL Napoli 1 Centro between September
2021 and December 2023, with the objective of understanding
their contribution to the dissemination and epidemiology of
antimicrobial-resistant Staphylococcus spp. strains.

2 Materials andMethods

2.1 Ethical Approval

No stray dogs were used specifically for this study. The sampling
was conducted by official veterinarians as part of the sterilization
procedures outlined in the stray animal control plan (Italian
Law 281/91, Framework Law on the protection of companion
animals and the control of stray animals). The study proto-
col was approved by the Ethics Committee of the University
of Naples Federico II, Italy (OPBA, CSV certificate number
PG/2020/0057490_13/07/2020), in accordance with the Italian
Legislative Decree 26/2014, Article 2, implementing Directive
2010/63/EU.

2.2 Sampling of Healthy Stray Dogs

A total of 102 healthy stray dogs of different breeds (mongrel, Pit
Bull Terrier, Jack Russell Terrier, Bloodhound, Poodle, Beagle,
German Shepherd, Golden Retriever, Dobermann, Zwergpin-
scher, French Bulldog, Cocker Spaniel, Chihuahua, Irish Setter,
Akita Inu and Maltese) of different ages (ranging from 8 months
to 14 years) and sexes, housed at the Veterinary Hospital ‘CRIUV’
of Local Health Authority ASLNapoli 1 Centro as part of the stray
dog control plan for the sterilization procedure, were included in
this study. To be precise, the sampling was carried out on sedated
stray dogs before they underwent the sterilization procedure from
September 2021 to December 2023. Three samples, consisting
of swabs collected from the nose bridge, nasal cavities and ear
canals, were obtained from each patient, resulting in a total of 306
specimens. After collecting the samples, each swab was placed in
a Stuart transportmedium (Aptaca Spa, Asti, Italy) and delivered,
keeping them at a temperature of 4◦C, within 24 h of collection,
to the Bacteriology Laboratory of the Department of Veterinary
Medicine and Animal Production at the University of Naples
‘Federico II’. A sample accompanying form was also completed
to provide details about the enrolled stray dogs (Figure 1).
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FIGURE 1 Sample accompanying form.

2.3 Isolation and Identification of
Staphylococcus spp. From Skin Samples

Once delivered to the Bacteriology Laboratory of the Department
of Veterinary Medicine and Animal Production (University of
Naples ‘Federico II’), the collected canine skin samples were
subjected to bacteriological examination. For Staphylococcus spp.
isolation, swabs were streaked in parallel on Mannitol Salt Agar
(MSA) plates (Liofilchem, Teramo, Italy) and Columbia CNA
plates supplemented with 5% sheep blood (Liofilchem, Teramo,
Italy). Subsequently, the plates were incubated at 37◦C for 24 h,
and the incubation time was extended to 48 h when the culture
results were negative or unclear. Presumptive Staphylococcus
spp. colonies were initially assessed for their morphological
features onMSA plates, including the ability to ferment mannitol
on MSA or induce haemolysis on CNA, followed by Gram’s
staining. The ability to produce enzymes was determined using
the catalase reaction (bioMérieux, Marcy L’Etoile, France) and
the coagulase test (Liofilchem, Teramo, Italy). The latter was
specifically used to distinguish coagulase-positive strains from
coagulase-negative ones. Then, single morphologically distinct
Staphylococcus colonies were sub-cultured on Columbia CNA
plates supplemented with 5% sheep blood (Liofilchem, Teramo,
Italy) to obtain pure cultures. After an overnight incubation,
the recovered fresh colonies were identified by MALDI-TOF MS
(MALDI Biotyper Sirius). Briefly, single colonies were inoculated
in triplicate onto disposable 96-spot-MBT biotargets (Bruker

Daltonics, Bremen, Germany). Then, a 1 µL spot of cinnamic
acid matrix solution (Bruker Daltonics, Bremen, Germany) was
added to the sample and allowed to dry at room temperature for
10 min. The target plate was then inserted into the equipment for
MALDI-TOF MS analysis. For accurate identification, Bruker’s
Bacterial Test Standard (BTS, Bruker Daltonics) was used as a
quality control formass calibration, and Flex Control 3.4 software
(Bruker Daltonics, Bremen, Germany) was configured in linear
positive ion detection mode. The isolates were identified by
matching their raw spectra with those of the strains in the Bruker
MSP database (MBT Compass Library), with results displayed
in ascending order of score values. According to the Bruker
Biotyper guidelines, a score ≥ 2.0 signified a highly probable
species-level identification (green), scores between 1.70 and 1.99
indicated reliable identification at the genus level (yellow), and
scores below 1.70 were considered as no identification (red).

S. aureus ATCC 33591 and S. pseudintermedius ATCC 49444 were
used as quality control strains.

2.4 Antimicrobial Susceptibility Testing of
Staphylococcus spp. Recovered FromHealthy Stray
Dogs

The phenotypic antimicrobial resistance profiles of the iso-
lated and identified staphylococcal strains were determined
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TABLE 1 Antimicrobials tested for the isolated Staphylococcus spp. strains.

Antimicrobial classes Antimicrobials Disc content

Penicillin combination Amoxicillin–clavulanate (AUG) 20/10 µg
Penicillins Penicillin (P) 10 IU

Oxacillin (OX) 1 µg
Cephalosporins (I generation) Cephalexin (CL) 30 µg

Cefadroxil (CDX) 30 µg
Cephalosporins (II generation) Cefoxitin (FOX) 30 µg
Cephalosporins (III generation) Ceftriaxone (CRO) 30 µg
Lincosamides Clindamycin (CD) 2 µg
Fluoroquinolones Enrofloxacin (ENR) 5 µg

Marbofloxacin (MAR) 5 µg
Aminoglycosides Gentamicin (CN) 10 µg
Carbapenems Imipenem (IMI) 10 µg
Tetracyclines Tetracycline (TE) 30 µg

Doxycycline (DO) 30 µg
Oxytetracycline (OT) 30 µg

Macrolides Erythromycin (E) 15 µg
Spiramycin (SP) 100 µg

Sulfonamides Sulfamethoxazole–trimethoprim (SXT) 23.75/1.25 µg
Glycopeptides Vancomycin (VA) 30 µg

using the disc diffusion method on Mueller–Hinton agar plates
(Liofilchem, Teramo, Italy). A total of 19 antimicrobials from 10
different classeswere tested in this study (Table 1). The antimicro-
bial susceptibility testing results were interpreted following the
guidelines of the CSLI (2020) and the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) (2021) for Staphy-
lococcus spp. For vancomycin, breakpoints employed were those
recommended by the French Society for Microbiology (http://
www.sfm-microbiologie.fr) (2017). Furthermore, the selection of
antimicrobials also took into account those most frequently used
for stray animals at the ASL Napoli 1 Centro Veterinary Hos-
pital for stray animals. Additionally, Staphylococcus spp. strains
were categorized as MDR, extensively drug-resistant (XDR) and
pandrug-resistant (PDR) based on the criteria byMagiorakos et al.
(2012).

After identification and assessment of antimicrobial resistance
profiles, the isolated Staphylococcus spp. strains were preserved at
−80◦CusingMicrobank tubes (Pro-LabDiagnostics, RoundRock,
TX, USA) in the strain collection of the Bacteriology Laboratory
for further studies.

2.5 Data Management and Statistical Analysis

All diagnostic data from the Bacteriology Laboratory were
recorded in a data-capturing format and inserted into a Microsoft
365 Excel spreadsheet for further analysis. Descriptive statistics
were employed to analyse both the occurrence and the antimi-
crobial resistance frequencies of recovered Staphylococcus spp.
strains, which were illustrated through Excel-generated graphs.

The isolation frequencies of each Staphylococcus species were
analysed by the chi-square test (Social Science Statistics https://
www.socscistatistics.com, accessed on 10 October 2024). In all
tests, p ≤ 0.05 was considered statistically significant.

3 Results

3.1 Isolation and Identification of
Staphylococcus spp. From Stray Dog Skin Samples

Of the 102 healthy stray dogs enrolled in this study, a total
of 306 skin swabs were analysed, of which 28% (85/306) were
negative, while 72% (221/306) resulted in being positive. The
identifications obtained from the collected specimens revealed
the presence not only of Staphylococcus spp. but also of other
bacteria, including Streptococcus spp., Micrococcus spp., Bacillus
spp. and Enterococcus spp. A total of 256 identifications were
made. However, the study focused only on the recovered strains
of Staphylococcus spp., as they are predominant members of the
canine skin microbiota. MALDI-TOF MS analysis gave a reliable
species identification with a log(score) ≥ 2.00 for all isolated
strains. As displayed in Figure 2, 47% (119/256) of recovered strains
belonged to the Staphylococcaceae family.

Specifically, among the staphylococci isolated from all the
investigated samples, the predominant species, isolated at a
significantly higher frequency (p < 0.05), was represented by
S. pseudintermedius (50%; 59/119), followed by Staphylococcus
simulans (17%; 20/119) and S. aureus (14%; 17/119) as shown
in Figure 3. The other staphylococcal species, with a total of
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FIGURE 2 Frequency of isolation of Gram-positive bacteria from skin samples.

FIGURE 3 Prevalence of Staphylococcus spp. identified in healthy
stray dog skin samples.

23 isolates, included Staphylococcus sciuri (4%; 5/119), Staphy-
lococcus epidermidis (3.3%; 4/119), Staphylococcus xylosus (2.5%;
3/119), Staphylococcus schleiferi (2.5%; 3/119), S. intermedius (1.7%;
2/119), Staphylococcus lugdunensis (1.7%; 2/119), Staphylococcus
capitis (1.7%; 2/119), Staphylococcus chromogenes (0.8%; 1/119) and
Staphylococcus borealis (0.8%; 1/119).

3.1.1 Distribution and Occurrence of Staphylococci
From the Different Sampled Skin Sites

Among the 119Staphylococcus spp. strains identified from the skin
swabs of healthy stray dogs examined in this study, 43% (51/119
strains) were isolated from the nasal cavities, 35% (42/119 strains)
from the nose bridge and 22% (26/119 strains) from the ear canals
(Figure 4).

S. pseudintermedius was found to be the most frequently iden-
tified bacterium among all sampled stray dogs in the three skin
sites, with frequencies of 50% (21/42 strains) for the nose bridge,
47% (24/51 strains) for the nasal cavities and 54% (14/26 strains) for
the ear canals (Figure 4a–c). The second most prevalent species
was S. simulans, found in the skin regions of the nose bridge
(21%, 9/42 strains) and ear canals (23%, 6/26 strains), followed
by S. aureus, which accounted for 10% (4/42 strains) and 11%
(3/26 strains), respectively (Figure 4a,c). Conversely, for the nasal
cavities, the trend was reversed (Figure 4b), with S. aureus being
the second most isolated species (20%, 10/51 strains), followed by
S. simulans (10%, 5/51).

Interestingly, in two stray dogs enrolled in the study, S. pseudin-
termedius was isolated from the nose bridge, as well as from the
nasal cavities and ear canals. Similarly, in the other two stray dogs,
S. simulans was isolated from all three sampled skin regions, as
reported in Table 2.

3.2 Antimicrobial Resistance Profiles of
Recovered Staphylococci

For Staphylococcus spp. strains from stray dogs, the highest
values of resistance were observed for penicillin (83.2%; 99/119
strains), cefoxitin (72.3%; 86/119 strains) and oxacillin (62.2%;
74/119 strains), followed by oxytetracycline (58.8%; 70/119 strains)
(Figure 5). Rates of resistance to amoxicillin–clavulanate,
cephalexin, cefadroxil, imipenem, sulfamethoxazole–
trimethoprim and tetracycline varied between 40% and 50%;
whilst for ceftriaxone, doxycycline, enrofloxacin and gentamicin
the resistance levels were found to be between 20% and 30%; and
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FIGURE 4 Distribution and frequency of isolation of Staphylococci from the three different skin sites of sampling: (a) nose bridge, (b) nasal cavities
and (c) ear canals.

TABLE 2 Results of four stray dogs presenting the same bacterial strain in the three tested skin sites.

Sample ID NOSE BRIDGE NASAL CAVITIES EAR CANALS

C32 S. pseudintermedius S. pseudintermedius S. pseudintermedius
C56 S. pseudintermedius S. pseudintermedius S. pseudintermedius
C52 S. simulans S. simulans S. simulans
C54 S. simulans S. simulans S. simulans

only for marbofloxacin the resistance value < 20%. No resistance
was recorded to vancomycin (Figure 5).

In line with the antimicrobial resistance profiles recorded for
the tested antimicrobials, the highest rates of resistance in
the identified staphylococci were observed for the following
antimicrobial classes: penicillins (85.7%), cephalosporins (75.6%)
and tetracyclines (61.3%) (Figure 6), whilst the lowest levels
of susceptibility were recorded for aminoglycosides (21.8%),
fluoroquinolones (30.3%) and sulfonamides (31.9%) (Figure 6).

Based on the detected antimicrobial resistance profiles of the
recovered Staphylococcus spp. strains, 85% (101/119 strains) were
classified as MDR, being resistant to at least one agent in ≥ 3
antimicrobial classes, and 15% (18/119 strains) resulted in being
XDR, as resistant to at least one agent in all but two or fewer
antimicrobial categories. No PDR strains were detected.

It is worth noting that among the 102 enrolled dogs, strains of
the same Staphylococcus species were isolated from both the nose

bridge and nasal cavities of the same dog in only six cases (5.9%),
and these strains exhibited identical antimicrobial resistance
profiles. Specifically, S. pseudintermedius was recovered in four
of these cases, while S. simulans was isolated in the remaining
two. However, in the majority of cases, the bacteria isolated
and identified from the three different skin sites of each dog—
regardless of whether they belonged to the same Staphylococcus
species—showed variability in their antimicrobial resistance
profiles.

4 Discussion

Currently, studies monitoring the distribution of staphylococcal
species on the skin of healthy dogs are lacking. Therefore, the
present study focused on the occurrence, distribution and antimi-
crobial resistance profiles of Staphylococcus spp. strains isolated
from three skin sites (nose bridge, nasal cavities and ear canals) in
healthy stray dogs housed at the Veterinary Hospital ‘CRIUV’ of
Local Health Authority ASL Napoli 1 Centro between September
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FIGURE 5 Antimicrobial resistance profile of Staphylococcus spp.
strains. AUG, amoxicillin–clavulanate; CD, clindamycin; CDX, cefadroxil;
CL, cephalexin; CN, gentamicin; CRO, ceftriaxone; DO, doxycycline; E,
erythromycin; ENR, enrofloxacin; FOX, cefoxitin; IMI, imipenem; MAR,
marbofloxacin; OT, oxytetracycline; P, penicillin; SP, spiramycin; SXT,
sulfamethoxazole–trimethoprim.

2021 and December 2023 to investigate their role in the spread
and epidemiology of antimicrobial-resistant Staphylococcus spp.
strains.

In this investigation, S. pseudintermedius was the species that
predominantly colonized the sampled skin sites (50%; 59/119
strains), with specific isolation frequency values of 54%, 50% and
47% for ear canals, nose bridge and nasal cavities, respectively.
However, stray dogs also carried S. simulans (17%; 20/119) and S.
aureus (14%; 17/119 strains), which resulted in themost frequently
isolated species from the skin samples of stray dogs, immediately
after S. pseudintermedius. This high prevalence of carriage of S.
pseudintermedius in homeless dogs is not a surprising result, since
S. pseudintermedius is a normal colonizer of nares, oral mucosa,
pharynx, forehead, groin and anus of healthy dogs (Garbacz et al.
2013). These findings agreed with those of János et al. (2021),
who reported a predominance of S. pseudintermedius, followed
by other staphylococcal species, including S. aureus, with lower
isolation rates, in shelter dogs in Romania (János et al. 2021).
In addition, the obtained results were partially consistent with
a 2022 study conducted on staphylococcal isolates from eight
different healthy skin sites in 30 household dogs (Štempelová
et al. 2022). For the nasal skin, as in this investigation, S.
pseudintermedius was the predominant isolated species (Štem-
pelová et al. 2022), but it was followed by S. aureus instead
of S. simulans, and this may be explained by the close contact
with humans (Štempelová et al. 2022). Indeed, household dogs
share the home environment with their owners, thus coming
frequently into contact with the same surfaces and objects,
potentially increasing the transmission risk of antimicrobial-
resistant strains, such as Staphylococci (Marchetti et al. 2021;
Nocera et al. 2023). The intricate interactions among bacterial
species from various environments promote genetic exchange,
thereby spreading antimicrobial resistance across human, ani-
mal and environmental sectors and posing a significant public
health challenge (Palma et al. 2020). A further possible source
of antimicrobial resistance transmission is garbage (Marchetti
et al. 2021). Stray dogs usually roam urban and suburban areas,

where they are often attracted by the smells of garbage bags,
which they break to eat the food scraps contained within them.
This may favour the spread of antimicrobial-resistant bacteria
contained in those bags in the near-home environment. On
the other hand, household antibiotic waste contaminates the
non-home environment, favouring the selection of antimicrobial-
resistant bacteria in there, which then infects stray dogs and other
humans. Indeed, one of the direct consequences of antimicrobial
abuse/misuse and environmental contamination is the rise in
bacteria carrying antimicrobial resistance genes across various
ecosystems (Kraemer et al. 2019), and the exposure to environ-
mental bacterial contamination can facilitate the transmission
and colonization of bacteria in dogs and cats (Horsman et al.
2021). In addition, dogs in shelters may face a heightened risk
of colonization or infection by various pathogens due to several
factors, such as high animal density, the potential for nosocomial
transmission by staff and volunteers, inadequate cleaning and
disinfection practices, the unknown pathogen status of many
animals and the stress associated with the shelter environment.
Indeed, animal shelters constitute prime centres where exposure
to infectious agents can be amplified, considering that generally
these facilities house animals from different geographical origins,
often involving multiple relocations within the shelter premises
prior to rehoming (Horsman et al. 2021). Consequently, evaluat-
ingwhether themovement of animals within these environments
contributes to widespread pathogen dissemination is essential
(Horsman et al. 2021). In particular, staphylococci are ubiquitous
bacteria present across various ecological niches, which often
carry antimicrobial resistance traits. Staphylococcus spp. strains
recovered in this study presented high levels of resistance to peni-
cillin (83.2%), cefoxitin (72.3%) and oxacillin (62.2%), indicating
the spread of methicillin-resistant strains among healthy stray
dogs. Referring to the antimicrobial classes, a high prevalence of
resistance was observed for commonly used antibiotics, includ-
ing penicillins (85.7%), cephalosporins (75.6%) and tetracyclines
(61.3%). Moreover, a substantial proportion of isolates exhibited
resistance to multiple drug classes (85% classified as MDR and
15% as XDR), highlighting the complex nature of antimicrobial
resistance in these bacterial populations. These findings align
with other studies that reported similar results. Specifically, an
increasing prevalence ofmethicillin-resistant Staphylococcus spp.
strains have been documented in healthy dogs and cats housed
in shelters worldwide, often exhibiting MDR profiles, including
resistance to commonly used veterinary antimicrobials such as
amoxicillin–clavulanic acid, tetracycline and sulfamethoxazole–
trimethoprim (János et al. 2021; Miranda et al. 2021; Štempelová
et al. 2022; Viñes et al. 2022; Afshar et al. 2023). Different from
these reports, our study revealed relatively low resistance rates to
gentamicin, doxycycline and enrofloxacin.

An encouraging result obtained in this investigation, which
should not be underestimated, is the susceptibility, in 100%
of recovered strains, to vancomycin, belonging to the antimi-
crobial class of glycopeptides. This contrasts with a 2022
study on Staphylococcus spp. strains isolated from pet dogs,
which reported a 29.26% resistance value to this antibiotic
(Dos Santos et al. 2022). Vancomycin is considered a ‘last
chance’ antibiotic in human medicine for the treatment of
infections caused by MDR methicillin-resistant Staphylococ-
cus spp. strains (Wijesekara et al. 2017), and according to
EU 1255/2022, vancomycin is listed among the antibiotics
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FIGURE 6 Antimicrobial resistance by class of the recovered Staphylococcus spp. strains.

that should be reserved only for humans (European Union
2022).

In any case, the rising circulation of MDR methicillin-resistant
Staphylococcal strains, affecting not only owned pets but also
stray animals, remains a significant concern.

Stray dogs, therefore, may be considered reservoirs of MDR
Staphylococcus spp. strains. In conclusion, within the context of
the One Health and One Medicine holistic approach, stray dogs
play a relevant role in the human–animal–environment interface,
as they may serve not only as reservoirs but also as sentinels to
unveil the emergence, persistence and transmission of antimi-
crobial resistance among humans, animals and the environment.
However, the source of antimicrobial-resistant bacteria in stray
dogs remains unidentified; thus, further research is needed to
pinpoint the environmental sources.

5 Conclusions

This study highlights the urgent need for comprehensive strate-
gies to combat antimicrobial resistance in Staphylococcus spp.
strains isolated from stray dogs. By implementing effective
antimicrobial stewardship programmes, improving animal wel-
fare and strengthening surveillance efforts, it is possible to reduce
the burden of antimicrobial resistance and protect both animal
and public health.
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