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Abstract

Background and Aim: Staphylococcus pseudintermedius and Staphylococcus aureus are common colonizing pathogens in
companion animals. These opportunistic pathogens can cause infections of varying frequency and severity in humans and
pets. Studies on Staphylococcus colonization in veterinarians are scarce. This study aimed to investigate the colonization of
the nostrils and hands by S. aureus, Staphylococcus epidermidis, and S. pseudintermedius among healthy clinical practice
veterinarians in the province of Malaga (Spain), with a particular focus on their potential antibiotic resistance.

Materials and Methods: A request for voluntary participation was extended to professionals from the Official College of
Veterinarians of Malaga. Nasal and hand swabs were collected by two trained technicians in January 2024, and all samples
were delivered to the laboratory within 24 h. Gram staining, catalase, oxidase, and coagulase tests were performed. The
susceptibility of the isolated bacteria to 11 antibiotics was evaluated.

Results: A total of 50 clinical practice veterinarians were enrolled in the study, comprising 36 women and 14 men from
31 veterinary clinics across Malaga province. A total of 32% of the nasal samples yielded S. aureus, whereas 64% were
found to contain S. epidermidis. In total, 30% of the hand samples yielded S. aureus and 30% yielded S. epidermidis. The
participants did not exhibit any strains of S. pseudintermedius in their nasal samples or hands. Two strains (11.1%) of
methicillin-resistant S. aureus were isolated from 18strains isolated from nostrils. Furthermore, a high prevalence of S.
aureus strains resistant to ampicillin (94.4%) and amoxicillin (72.2%) was observed.

Conclusions: The colonization profiles of veterinary professionals were similar to those observed in the general population.
Further research is required among veterinary professionals, companion animals, and their owners to better understand the
colonization processes and the pet-human interface within a “One Health” approach.

Keywords: antibiotic resistance, drug-resistant Staphylococcus aureus, one health, Seroprevalence, Staphylococcus
colonization, veterinarians.

Introduction industrialized countries [1]. From this perspective,
antimicrobial resistance (AMR) is a critical global
threat to human and animal health, and pets play an
important role [2]. Nasal and hand colonization among
healthcare professionals is critical for controlling hos-
pital infections [3]. Staphylococcus pseudintermedius
and Staphylococcus aureus are common colonizing
pathogens in companion animals. It is, therefore, of
significant interest to gain a more detailed understand-
ing of staphylococcal colonization among veterinary
professionals [4]. S. aureus is a commensal microor-
ganism of the human skin and mucous membranes.
However, it is also a frequent cause of serious infec-
Copyright: Farifias-Guerrero, etal.OpenAccess. Thisarticleisdistributed tions. with high morbidity and mortality rates and
underthe terms of the Creative Commons Attribution 4.0 International ’. . .
License  (http://creativecommons.org/licenses/by/4.0/),  which associated healthcare costs [5-10]. Nasal colonization
permits unrestricted use, distribution, and reproduction in any has been demonstrated to p]ay a pivotal role in the
medium, provided you give appropriate credit to the original h . f infecti by this b ial . .
author(s) and the source, provide a link to the Creative Commons pat. 0genesis o !1’1 ections Y this aCtF:rla -spemes n
license, and indicate if changes were made. The Creative Commons  patients undergoing surgery [11-13], dialysis [11, 14],
Public Domain Dedication waiver (http://creativecommons.org/ and intensive care unit admission [15]. Methicillin-

publicdomain/zero/1.0/) applies to the data made available in this i i’
article, unless otherwise stated. resistant S. aureus (MRSA) is the most commonly

The One Health initiative is a global strategy
for fostering collaboration across all aspects of health
care, including human, animal, plant, and environ-
mental health. Over the past few decades, the roles
of pets and companion animals have evolved, with an
increasing emphasis on social function. Pets can play
an important role in their owners’ physical and men-
tal health, but they can also pose a risk of zoonotic
infection. It is imperative to assess the positive and
negative aspects of the human-pet relationship, with
a particular focus on zoonotic aspects, particularly in
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isolated multidrug-resistant pathogen in many parts
of the world. The rapidly increasing rates of health-
care-associated and community-acquired MRSA rep-
resent significant clinical, public health, and economic
challenges [16, 17]. The transmission of MRSA occurs
through direct contact with the infected individual,
indirect contact with an infected individual’s environ-
ment (e.g., doorknobs and handrails), indirect contact
with an infected individual’s fomites (e.g., towels,
bedding), and indirect contact with an infected indi-
vidual’s pets [18-20]. S. pseudintermedius is a species
belonging to the Staphylococcus intermedius group,
a group to which species such as Staphylococcus
intermedius and Staphylococcus delphini [21] and is
the most frequent causative agent of canine bacterial
infections [22]. Methicillin-resistant S. pseudinterme-
dius, which exhibits multiple resistance phenotypes,
has emerged globally as a nosocomial pathogen fre-
quently isolated in veterinary hospitals [23]. Although
there are few documented cases, S. pseudintermedius
has been isolated from human infections, primarily
through dog bites [24, 25]. It can cause severe dis-
ease, including septicemia [26]. Currently, there is a
paucity of studies on the prevalence of human nasal
colonization with S. pseudintermedius. Han et al. [27]
observed a prevalence of 3%—4.5% in humans and
25%—65.9% in dogs. Similarly, Rodrigues et al. [28]
revealed that S. pseudintermedius was present in 1.5%
of veterinary professionals, whereas MRSA was iden-
tified in 14.7% of the same group.

The potential risk of staphylococcal transmis-
sion from dogs to humans and vice versa was also
demonstrated. Furthermore, the clinical relevance of
S. pseudintermedius transmission from dog to human
and S. aureus transmission from human to dog should
not be underestimated [29]. Staphylococcus epider-
midis is a member of the normal microbiota of human
skin and mucous membranes, along with other coagu-
lase-negative staphylococci. It is typically a commen-
sal organism present in biological samples without
clinical consequences. However, its ability to create
biofilms (the main virulence factor) in devices such
as catheters and mechanical heart valve prostheses
makes this species one of the most common causes of
nosocomial infections. It is also associated with other
diseases, including endocarditis and sepsis. The latter
is particularly prevalent in neonates and immunocom-
promised patients. Most strains are multidrug-resis-
tant, largely due to the expression of the PBP2a protein,
which confers resistance to methicillin, a mechanism
shared with certain strains of S. aureus [30].

It is postulated that the professional group of
veterinarians may exhibit a distinct colonization of
Staphylococcus species, which is derivative of their
typical occupational contact with pets and other ani-
mals. Furthermore, we intend to examine the AMR
of these microorganisms and determine whether they
diverge from those of the general population with refer-
ence to the most recent publications on the subject [31].

This study aimed to determine the level of col-
onization of the nasal mucosa and hand skin by
S. aureus, S. epidermidis, and S. pseudintermedius in
a population of healthy clinical practice veterinarians
and volunteers working in different veterinary cen-
ters in the province of Malaga. In addition, this study
investigated the AMR.

Materials and Methods

Ethical approval and Informed consent

This study was approved by the One Health
Chair Commission of the University of Malaga and
the College of Veterinarians in October 2023 (approval
number OHVET0004-2023). In November 2023, the
voluntary participation of members of the Malaga
Veterinary Association was requested to obtain nasal
samples and hand swabs for microbiological study.
Before their inclusion in the study, all volunteers were
required to sign an informed consent form. All partic-
ipants were informed that the results and data analysis
would be anonymous.

Study period and location

The study was conducted from November
2023 to January 2024. The samples were processed
at the Department of Microbiology of the Faculty of
Medicine of Malaga.

Sample size
The sample size was calculated as per the
following:
Total population (N): 1106 persons
Expected proportion (p): 0.03 (3% of the population
is nasal carrier)
Confidence level: 95% (Z value = 1.96 for a 95% con-
fidence interval)
Margin of error (E): 5% (or 0.05)
72.p.(1 -
- pE(2 p)
_ (1.96)*-0.03 - (1 —0.03)
"= (0.05)2

n =44.64

The correction was applied to a population
of 1106 individuals (applying finite population
correction).

n
Najustado = oo
1+
45
Najustado = - 457
1+ 1106
n=433

The adjusted sample size for a population of
1106 individuals, with an expected proportion of 3%
of different types of staphylococcus nasal carriers, a
5% margin of error, and a 95% confidence level, is
approximately 43 individuals. The finite population
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correction has a minimal impact on the sample size
compared to the initial estimate, given the relatively
large population size.

A total of 53 veterinarians volunteered to par-
ticipate in the study. Three of them were excluded
from the study due to medical reasons that precluded
them from meeting the inclusion criteria. The sample
size was deemed sufficient for the initial phase of the
study, which was conducted as a pilot.

Inclusion criteria

The inclusion criteria for participation in the
study were as follows: (1) Professional association
membership, (2) active work, (3) absence of infectious
pathologies or clinical health at the time of sample col-
lection, and (4) signature of an informed consent form.
Participants who received antibiotic treatment or were
immunosuppressed upon sampling were excluded.

Veterinarians who consented to participate and
met the inclusion criteria were summoned to the lab-
oratory of the Department of Microbiology of the
Faculty of Medicine of Malaga during January 2024.
When samples could not be collected at the Faculty
of Medicine, the technicians proceeded to the veteri-
narians’ work clinics. Samples were collected by two
trained technicians following detailed instructions.

Sample collection

The sample collection procedure included the
following steps:

e Nasal sample: A swab was inserted into each
nostril until it reached a depth of approximately
2-3 cm, rotated 360° several times in both nostrils
and then removed.

e Hand swab: The skin is vigorously rubbed by the
swab.

Following collection and identification of the
samples (using a numerical system), they were stored
in Stuart transport medium (Oxoid, Ltd., Hampshire,
UK) for storage in the microbiology laboratory or
transported, if necessary, until the time of analysis. All
swabs were received at the laboratory within a maxi-
mum of 24 h.

Sample processing: culture and identification

Upon arrival at the laboratory, nasal and hand
swabs were seeded on mannitol agar with NaCl
(MSA-Oxoid Hampshire, UK) to isolate, enumerate,
and differentiate Staphylococcus spp. Following incu-
bation at 37°C for 18-24 h, recovered colonies were
evaluated for morphology and fermentative character-
istics (colonial morphology, mannitol fermentation)
and subjected to standard rapid screening techniques,
including Gram staining, catalase, oxidase, and coag-
ulase testing (Oxoid, Ltd., Hampshire, UK). The iso-
lates were evaluated using API Staph (Biomerieux,
Spain) and the Hampshire, UK, methods.

Antimicrobial susceptibility testing
The isolated bacteria were tested for suscepti-
bility to 11 antibiotics belonging to 5 classes. These

antibiotics were selected based on their prevalence in
veterinary practice, availability in the veterinary envi-
ronment, and documented efficacy for treating bac-
terial infections in animals. The antibiograms were
prepared using the disk-plate method on Mueller—
Hinton agar (Oxoid, Ltd., Hampshire, UK). The anti-
microbials tested were amoxicillin-clavulanic acid
(AMC, 30 pg), amoxicillin (AML, 25 ug), ampicil-
lin (AMP, 10 ug), oxacillin (OX, 1 ug), cephalexin
(30 pg), cefoxitin (FOX, 30 ug), ciprofloxacin (CIP,
5 ug), enrofloxacin (ENR, 5 ug), clindamycin (DA,
2 ug), gentamicin (10 ug), and trimethoprim-sulfame-
thoxazole (SXT, 25 ug), all supplied by Oxoid, Ltd.
The classification of isolates as susceptible, inter-
mediate susceptible, or resistant was based on the
European Committee on Antimicrobial Susceptibility
Testing guidelines. S. aureus ATCC 12600, S. epider-
midis ATCC 14990, S. haemolyticus ATCC 29970,
and S. pseudintermedius ATCC 49051 were used for
quality control.

Statistical analysis

All data were recorded using Microsoft® Excel
2019 (Microsoft Corporation, Redmond, Washington,
USA). Descriptive statistics were used to analyze the
collected data. The Mann—Whitney U test, Kruskal—
Wallis test, Chi-square, and Fisher exact tests were
used to analyze individual microbiological results,
depending on the type of data. In addition, only sig-
nificant factors from the univariate analysis were
subjected to multiple comparisons with Bonferroni
correction. All statistical analyses were performed
using the R Programming language version 4.2.0
(https://www.r-project.org) with a 95% confidence
interval, and p < 0.05 was considered significant.

Results

A total of 50 veterinarians, representing 4.5% of
the 1106 registered professionals in the province of
Malaga, met the eligibility criteria and volunteered to
participate in the study. The participants, comprising
36 men and 14 women, were employed at 31 veteri-
nary clinics in Malaga. Among these healthy volun-
teers, various age groups ranging from 24 to 67 years
(median 34.5; mean age 36.9) were represented.
Regarding the type of practice, 76% (38) of veteri-
narians indicated that they are working in small ani-
mal practice, whereas 24% (12) are working in mixed
practice.

The isolates recovered from the hands and
nostrils are presented in Table-1. The concomitant
S. aureus and S. epidermidis isolates are provided
in Table-2. S. pseudintermedius strains were not iso-
lated from the nostril and hand samples of the study
participants. In two individuals, the analysis of both
hand and nostril samples indicated non-culturable
microorganisms.

The statistical analysis revealed no significant
differences between males and females in the prev-
alence of nasal carriage of S. aureus. However, a
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Table-1: Presence of Staphylococcus species on hands and nasal passages.

Location Staphylococcus spp. Positive samples Percentage
Hands S. aureus 15 30
S. epidermidis 15 30
Other Staphylococcus 16 32
Nasal passages S. aureus 16 32
S. epidermidis 32 64
S. aureus and S. epidermidis 4 8
Other Staphylococcus 6 12
S. aureus=Staphylococcus aureus, S. epidermidis=Staphylococcus epidermidis
Table-2: Concomitant Isolation of S. aureus and S. epidermidis.
Nasal carriers (spp.) Observation Number of cases Percentage
S. aureus S. aureus isolated from hands 6 37.5
(16 carriers) S. epidermidis isolated from hands 4 25
S. epidermidis Colonized with S. aureus on the hands 11 34.4
(32 carriers) Colonizing with other Staphylococci on the hands 10 31.3
S. epidermidis was also isolated from the hands 9 28.1

S. aureus=Staphylococcus aureus, S. epidermidis=Staphylococcus epidermidis
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Figure-1: Susceptibility of Staphylococcus aureus to
the antibiotics tested. AMC=Amoxicillin-clavulanic acid,
AML=Amoxicillin, CL=Cephalexin, DA=Clindamycin,
FOX=Cefoxitin, CN=Gentamicin, CIP=Ciprofloxacin,
AMP=Ampicillin, SXT=Sulfamethoxazole trimethoprim.

higher frequency of nasal carriage of S. epidermidis
was observed in females than in males among veteri-
narians (p = 0.044).

Figure-1 shows the susceptibility and resistance
rates of S. aureus to antibiotics. A high proportion
of S. aureus strains isolated in the study group was
AMP resistant (94.4%) and AML (72.2%). Regarding
MRSA, two strains (11.1%) were identified among
the 18 analyzed. In both cases, S. aureus was simulta-
neously isolated from the nostrils and hands.

Discussion

Veterinary clinical practice plays a central role
in linking human and pet health, with the potential
for professionals to carry multi-resistant bacteria that
pose risks to humans and animals [32].

Nasal and hand contamination by multi-resistant
bacteria among veterinarians represents a pub-
lic and animal health problem. Like other health

professionals, veterinary professionals are at risk of
colonization by these bacteria because of their con-
tinuous exposure to animals and potentially contam-
inated environments [33]. These conditions not only
put the health of professionals at risk but also facilitate
the transmission of infections to animals and humans,
especially in the context of close contact and the man-
agement of zoonotic infections.

Although some studies have evaluated the poten-
tial risks [4, 34-36], there is a lack of research exam-
ining these risks among veterinary professionals. Data
availability is critical for implementing control mea-
sures and hygiene practices that mitigate these risks.

This study evaluated the results of colonization
by different Staphylococci for the first time in a sam-
ple of clinical practice veterinarians from the prov-
ince of Malaga. Our results do not show differences
with colonization in the general population, and they
are similar to those reported by previous studies [4,
34-36].

None of the samples showed growth of
S. pseudintermedius. The antibiotic resistance patterns
observed in this study were also highly consistent
with those documented in the literature in populations
without specific exposure to companion animals.

A recent study conducted in Italy [37] revealed
that 55.9% (19/34 samples) of veterinarians were
found to be carriers of Staphylococcus spp., whereas
44.1% (15/34 samples) showed no growth of
Staphylococcus. Of the positive cases, S. aureus was
isolated in 52.6% (10/19 strains), whereas 26.3% (5/19
strains) exhibited growth of S. pseudintermedius.
In all isolates, high resistance values were observed
against -lactams, with resistance rates of 89.4% for
AMP and penicillin, followed by AMC (78.9%), OX
(57.8%), and FOX (52.6%). Among the non-f3-lactam
antibiotics, resistance to erythromycin (73.6%) and
DA (57.8%) were observed. Furthermore, additional
resistance was observed to antibiotics belonging to
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the following classes: (i) Fluoroquinolones exhibited
47.3% and 36.8% resistance to ENR and CIP, respec-
tively; (ii) tetracyclines demonstrated the same level
of resistance to both doxycycline and tetracycline
(42.1%); and (iii) sulfonamides exhibited 36.8% resis-
tance to SXT [37].

This study revealed that 11.1% (2/18) of
S. aureus-colonized individuals were MRSA. The
results of the other studies are comparable. For exam-
ple, a study by Neradova et al. [38] reported that
the prevalence of nasal carriage of MRSA among
veterinary professionals in the Czech Republic was
6.72%. Similar findings were reported by Hanselman
et al. [39], who identified MRSA isolates in the nares
of 6.5% of attendees at an international veterinary
conference. The prevalence rate was 7.0% among vet-
erinarians and 12.0% among technicians.

Finally, the findings of this study align with
those previously documented for the general pop-
ulation regarding S. aureus and S. epidermidis.
Staphylococcus aureus is commonly found on the
skin and in the nose of about 30% of individuals [40],
and permanent nasal colonization occurs in approx-
imately 20% (range 12-30%) of individuals, with
approximately 30% being intermittent carriers (range
16-70%) [41]. S. epidermidis is the most frequently
isolated species from human epithelia [42].

It should be noted that this study is subject to
certain limitations, namely the small number of par-
ticipating veterinarians and the voluntary nature of
their participation. It is also important to consider
the absence of polymerase chain reaction-based tech-
niques in this study as a further limitation. Our study
was designed as a preliminary investigation to obtain an
initial insight into the magnitude of clinically relevant
Staphylococcus presence among healthy veterinarians
in clinical practice. Furthermore, the Staphylococcus
species included in the study were readily identifiable
on the selective culture media used, which, combined
with the biochemical tests performed and the use of
API Staph test strips, provided high reliability in their
identification.

Conclusion

The analysis of samples from the volunteer
veterinarians (obtained from the nostrils and hands)
revealed the presence of S. aureus and S. epidermidis
at proportions comparable to those observed in the
general population. No strains of S. pseudintermedius
were found in either the nasal samples or hands of the
study participants.

The colonization profiles of veterinary profes-
sionals were similar to those observed in the general
population. Further research is required among vet-
erinary professionals, companion animals, and their
owners to gain a deeper understanding of the coloni-
zation processes and the pet-human interface within a
“One Health” approach.
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