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ABSTRACT

Mobile Surgical Units (MSUs) facilitate canine and feline sterilization in vulnerable
areas of Bogotd, Colombia, expanding access to veterinary surgical services. Methicillin-
resistant Staphylococcus aureus (MRSA) is a significant veterinary pathogen due to
its role in animal morbidity and mortality, as well as its zoonotic potential. This study
aimed to determine MRSA prevalence on surgeons’ gloves during MSU sterilization
campaigns in Bogotd in May 2024. A survey was administered, and swab samples
were collected from the internal (palmar) and interdigital glove surfaces after every
five animals treated across 10 sterilization campaigns in different Bogotd localities.
Samples were microbiologically processed using enriched, selective, and differential
media, including CHROMagar MRSA. Data were recorded in an Excel database
and analyzed using a chi-square test in RStudio to assess associations between MRSA
presence and factors such as animal type (canine or feline), socioeconomic stratum,
surgeon’s sex, and glove changes between procedures. The results indicated a 20%
MRSA prevalence, with no significant correlations observed between MRSA presence
and the studied variables.
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Prevalencia de Staphylococcus aureus meticilino-resistente
en guantes de cirujano de unidad mavil quirdrgica veterinaria
de esterilizacion en Bogota D.C.

RESUMEN

Las Unidades Mdviles Quirtrgicas (UMQ) son empleadas para procedimientos qui-
rargicos de esterilizacion canina y felina en zonas vulnerables de la ciudad de Bogotd,
Colombia, ampliando el acceso a estos servicios quirtirgicos veterinarios. Staphylococcus
aurens meticilino-resistente (MRSA) es un patdgeno de importancia en medicina vete-

rinaria por su capacidad de causar morbilidad y mortalidad en animales, ademds de su
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potencial zoonético. Este estudio buscd determinar la prevalencia de MRSA en guantes
de cirujanos de las UMQ durante las jornadas de esterilizacién en Bogotd durante mayo
de 2024. Se diligencié una encuesta y se obtuvieron hisopados de la porcién interna
(palma) e interdigital a los guantes de los cirujanos cada 5 animales intervenidos en 10
jornadas de esterilizacién de diferentes localidades de Bogotd. Las muestras se procesaron
microbiolégicamente utilizando medios enriquecidos, selectivos y diferenciales como
el CHROMagar MRSA. Los datos se registraron en una base de datos en Excel y se
realizé un andlisis estadistico de chi-cuadrado por medio del programa RSTUDIO, el
cual permitié evaluar la asociacién entre la presencia de MRSA y factores como tipo
de poblacién (canina o felina), estrato socioecondmico, sexo del cirujano y cambio de
guantes entre procedimientos. Los resultados indicaron una prevalencia de MRSA del
20% en la poblacién analizada. No se evidenciaron correlaciones significativas entre la
presencia de MRSA y las variables estudiadas.

Palabras clave: Staphylococcus aureus, prevalencia, procedimientos quirtirgicos, Bogotd.
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INTRODUCTION

MSUs are specially equipped vehicles
designed to perform surgical procedures,
such as canine and feline sterilization, in
vulnerable areas of Bogotd, Colombia.
The ability to bring these services directly
to underserved locations underscores the
significance of MSUs within the One
Health framework, which recognizes the
interconnectedness of human, animal, and
environmental health. By contributing to
public health, reducing the stray dog and
cat population in high-density areas, and
mitigating the spread of zoonotic diseases,
MSUs play a crucial role in veterinary
and public health interventions. Mass
sterilization procedures conducted in MSUs
provide extensive coverage and accessibility
to the communities of Bogotd. However,
due to the nature of these procedures and
the conditions in which they are performed,
there is a risk of contamination of the
gloves used by surgeons with pathogenic
microorganisms such as Staphylococcus
aureus, posing a potential health risk
to both medical personnel and animals
(Denamiel ez 2/ 2009).

MRSA is a bacterial pathogen that poses
a significant threat due to its resistance to
multiple antibiotics. Initially identified as
a predominant nosocomial pathogen in
humans (Garcfa 2011), MRSA has also
emerged as a leading bacterial agent in
veterinary hospitals (Loeffler ez 2/. 2010).
Colonized veterinary patients and medical
personnel may serve as sources of infection,
facilitating bacterial transmission through
contaminated hands. This transmission
is particularly concerning in hospital
and clinical settings, where inadequate
hygiene practices contribute to bacterial
spread, underscoring the importance of
proper disinfection and personal protective
equipment (Boerlin ez /. 2001).

Previous studies have documented
MRSA in various veterinary facilities,
including clinics and hospitals, with
prevalence rates ranging from 2% to 14%,
depending on hygiene practices and the
management of infected animals (Morris
et al. 2006; Weese & Van Duijkeren 2010;
Tarazi et al. 2015). However, no specific
data are available on MRSA prevalence in
MSUs, a critical factor in implementing
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effective infection control measures for
surgical procedures performed outside
traditional veterinary operating rooms.

MRGSASs ability to cause severe infec-
tions in both companion and livestock
animals underscores the need for studies
on its prevalence and control in veterinary
environments (Porrero 2014). Methicillin-
resistant strains have emerged as a growing
concern, particularly in small animals and
equines (Chaparro ez al. 2005). Transmis-
sion occurs through direct contact with
infected animals, contaminated surfaces,
and personal protective equipment, such as
surgical gloves. Studies in human hospitals
have shown that MRSA can persist on gloves
and other medical equipment, suggesting
these items may serve as infection sources
if not properly handled (Garcia 2011).

Additionally, MRSA causes severe
infections in both humans and animals,
including skin infections, pneumonia,
endocarditis, and septicemia, with sig-
nificant morbidity and mortality. In
humans, MRSA infections account for
approximately 19,000 deaths annually in
the United States (Klevens ez /. 2007). In
animals, infections can be fatal (Leonard
& Markey 2008), particularly in veterinary
settings with inadequate infection control.
MRSA-associated disease is a major concern
for both human and animal health due to
its high morbidity and mortality (Weese
et al. 2006). In animals, MRSA can also
cause post-surgical infections, wound
infections, and urinary tract infections,
further increasing morbidity and mortality
(Leonard & Markey 2008).

Methicillin resistance in Staphylococcus
aureus arises primarily from the acquisi-
tion of the mecA gene, which encodes
penicillin-binding protein 2a (PBP2a)
(Kakooza et al. 2024). This modified
protein has a low affinity for B-lactam
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antibiotics, allowing the bacterium to
continue synthesizing its cell wall despite
the presence of methicillin. As a result,
MRSA strains are particularly difficult
to treat, exhibiting resistance not only
to methicillin but also to other B-lactam
antibiotics (Kakooza ez 2/. 2024). Due to
this threat, the World Health Organization
(WHO) has designated MRSA as a high-
priority pathogen (WHO 2024).

Given these concerns, this study aimed
to determine the prevalence of MRSA
on surgeons’ gloves during procedures in
Mobile Surgical Units (MSUs) across 10 of
Bogotd’s 20 localities. To date, no studies
have specifically examined the presence of
this pathogen in MSUs.

MATERIALS AND METHODS

Study type and population

This cross-sectional study employed con-
venience sampling. Samples were collected
from 10 localities in Bogotd, chosen based
on accessibility and availability. Given that
the number of animals sterilized daily
in MSUs varied, glove swab sampling
was performed after every five animals,
resulting in a variable number of swabs
per sampling day.

Simultaneously with sample collection,
relevant data were recorded, including the
animal species (canine or feline), sex (male
or female), locality, socioeconomic stratum,
predominant climate, sample sequence,
glove changes between procedures, and
the surgeon’s sex (male or female).

Sample collection

Samples were collected between June and
July 2024 during sterilization procedures
conducted in MSUs across 10 localities

in Bogotd, D.C. (figure 3). Glove swab
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sampling was performed after every five
animals treated, using a swab with CE
Class Ila transport medium (MDD)TM
(Girovet, Italy). The swabbing procedure
involved rubbing the gloves used by the
surgeon—including the interdigital spaces,
palm, and edges—ensuring bilateral sam-
pling. Samples were labeled, identified, and
transported in Amies transport medium
under refrigeration to the facilities of
Universidad Javeriana.

Sample processing

All samples underwent primary isolation
on blood agar base (Oxoid, England)
supplemented with 5% sheep blood and
incubated for 24 hours at 37 + 2 °C. Sub-
sequent purification steps were performed.
Based on the phenotypic characteristics
of the colonies, established protocols for
Gram-positive microorganisms—particu-
larly Staphylococcus spp.—and/or Gram-
negative microorganisms were followed
(OMSA 2024).

Confirmatory biochemical tests for
Staphylococcus spp. were conducted, in-
cluding Gram staining, a catalase test, and
culture on Baird-Parker agar, Mannitol Salt
agar, and DNase agar (Oxoid). Once the
genus was confirmed, isolates were plated
on CHROMagar™ MRSA (CHROMagar
Microbiology, France) for specific MRSA
identification (Diederen ez 2/ 2005).

Other bacterial genera present in the
samples were identified using selective
and differential culture media, along
with additional biochemical tests, in-
cluding MacConkey agar, oxidase test
strips (Oxoid), and the API 20E™ panel
(bioMérieux, USA).

Data analysis
Data collected from the survey conducted
during the sampling of 100 specimens
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(annex 1), along with laboratory results,
were recorded in an Excel® database.
Descriptive statistical analyses were per-
formed, and associations were assessed
using a chi-square test in RStudio (Lastre
et al. 2019). This analysis evaluated the
relationship between MRSA presence and
factors such as animal population type
(canine or feline), socioeconomic stratum,
surgeon’s sex, and glove changes between
procedures.

RESULTS AND DISCUSSION

In this study, 100 surgeon glove swabs were
analyzed from MSUs during sterilization
procedures conducted in 10 localities of
Bogotd, D.C.

Microbial growth was observed in
48% of the samples (figure 1). Of these,
22.9% (11/48) exhibited mixed growth
(more than one microorganism), while
the remaining 77.1% (37/48) showed
pure or axenic cultures (figure 2).

These findings are consistent with
previous studies that have reported MRSA
prevalence in veterinary clinics and other
healthcare settings, albeit on a smaller scale
(Yamauchi & Santorelli 2005).

When compared to other studies
involving animals and humans, the pre-
valence of MRSA in clinical and surgical
environments has shown an increasing
trend, highlighting the need for improved
infection control practices (Weese et al.
2006; Tarazi et al. 2015). In this study,
the overall MRSA prevalence in the
analyzed localities was estimated at 20%.
Independent analysis revealed differences
among localities, with Usme exhibiting
the highest positivity rate at 66.7%,
while Rafael Uribe Uribe had the lowest
at 6.3% (figure 3). This variability may

be influenced by several factors, including
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Seeded samples

With growth
Without growth

FIGURE 1. Graphical representation of growth
obtained after seeding.
Source: own elaboration.
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Seeded Samples

Axenic Growth

No Growth

Mixed Growth

FIGURE 2. Detail of mixed axenic growth obtained
from seeded samples.
Source: own elaboration.
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Aranda

66.7% (6/9)

6.3% (1/16)

50% (4/8)

)
Bosa 18.2% (2/11)

FIGURE 3. Estimated prevalence in 10 localities of Bogota.
Source: htep://www.lacandelaria.gov.co/mi-localidad/mapas

the less controlled working conditions in
MSUs compared to traditional veterinary
hospitals. Previous studies suggest that
inadequate glove rotation and potential
cross-contamination between animals
and surgeons could contribute to these
differences (Otter et al. 2013; Rubin
etal 2011).

The findings of this study align with the
global trend of increasing MRSA infections in

both human and veterinary medical settings
(Weese ez al. 2006). The lack of specific studies
on MRSA prevalence in surgical gloves used
in MSUs represents a gap in the literature
that this study seeks to address.
Chi-square test results indicated no
statistically significant difference in MRSA
presence between using new gloves and
reusing gloves (p = 0.24). Additionally, no
significant correlation was found between
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MRSA presence and the recorded study va-
riables, including surgeon sex (male/female)
(p = 0.82), animal species (dog/cat) (p =
0.33), weather conditions (rainy/sunny)
(p = 0.14), animal sex (male/female)
(p = 0.99), and socioeconomic stratum
(1/2/3) (p = 0.86). However, a significant
difference was observed across localities
(p=0.00199), suggesting that local context
and specific practices within each area may
influence MRSA prevalence.

Few studies report on MRSA preva-
lence in veterinary clinics and hospitals;
however, previous research indicates a
prevalence ranging from 2% to 16%
(Yamauchi & Santorelli 2005). Outside
hospital settings, reported prevalence
rates include 5.3% in canines and 5.0%
in humans who had contact with infected
dogs, with strong associations observed
between isolates from these hosts (Tarazi
etal. 2015). These findings underscore the
zoonotic and anthropozoonotic potential
of §. aureus and highlight the critical need
to enhance infection control measures,
regardless of the setting.

The presence of MRSA can be in-
ferred given that MSUs operate under
less controlled conditions compared to
traditional veterinary hospitals, potentially
increasing the risk of cross-contamination.
Additionally, hygiene practices and glove
rotation between procedures may not
be optimal, facilitating the persistence
and transmission of MRSA (Otter et al.
2013). Similar studies have indicated that
improper handling of personal protective
equipment, such as gloves, can serve as a
significant vector for MRSA spread (Rubin
et al. 2011). Reports suggest that MRSA
infections in both humans and animals are
associated with high morbidity and mor-
tality rates, underscoring the importance
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of effective preventive measures. According
to the Centers for Diseases Control and
Prevention (CDC 2018), MRSA infections
can be severe and challenging to treat due
to their antibiotic resistance, increasing
the risk of serious complications and
community transmission.

In relation to the findings of this study,
previous research has highlighted how en-
vironmental factors and management prac-
tices influence MRSA prevalence in shared
human-animal environments. Bullone ez /.
(2024) found that frequent antimicrobial
treatments in stables significantly increase
the risk of carrying these pathogens in both
animals and caretakers, while appropriate
environmental conditions, such as proper
ventilation, act as protective factors. This
perspective underscores the necessity of
implementing surveillance programs and
control strategies under the One Health
approach to mitigate the risks associated
with MRSA transmission.

MRSA transmission not only affects
animal health but also poses a zoonotic
threat to humans, particularly in envi-
ronments with frequent human-animal
contact (Weese et 2/ 2006; CDC 2018).
The presence of other pathogens, such
as Acinetobacter spp. and Klebsiella spp.,
further emphasizes the urgency of enfor-
cing strict aseptic protocols in MSUs to
prevent the spread of these infections in
both animals and humans (WHO 2024).
The recent update by the WHO of its
priority pathogen list highlights the sig-
nificance of these microorganisms due to
their high resistance to critical antibiotics
(WHO 2024).

Although identifying the accompanying
microbiota was not an objective of this
study, the analysis of all collected sam-
ples revealed the presence of additional
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microorganisms in the following propor-
tions: a-hemolytic Streptococcus (12%),
Acinetobacter spp. (7%), Micrococcus spp.
(5%), Pseudomonas spp. (4%), coryneform
Gram-positive bacilli (1%), and Escheri-
chia coli (3%). Additionally, B-hemolytic
Streptococcus, Klebsiella spp., Staphylococcus
spp.» and Candida spp. were each detected
in 1% of the samples (figure 4).

As previously mentioned, antimicro-
bial resistance (AMR) complicates the
treatment of infectious diseases, increasing
healthcare costs for both animal and
human patients and negatively impacting
public health. The detection of other
pathogens, such as Acinetobacter spp.,
although not initially within the scope
of this study, warrants attention given
the recent findings by WHO. The 2024
update to the WHO priority pathogen
list classifies Acinetobacter baumannii,
Enterobacterales (including Escherichia
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coli and Klebsiella spp.), and Pseudo-
monas aeruginosa as critical- and high-
priority pathogens due to their resistance
to carbapenems and third-generation
cephalosporins. Additionally, Group
A and B Streptococcus are classified as
medium-priority pathogens due to their
resistance to macrolides (WHO 2024).

The findings of this study provide
valuable data that could inform the deve-
lopment of public health policies aimed at
reducing the transmission of MRSA and
other pathogens in these environments.

CONCLUSION

The prevalence of methicillin-resistant
Staphylococcus aureus (MRSA) was found
to be 20%; however, no statistically signi-
ficant association was observed between
the presence of the pathogen and the
studied variables.

Accompanying Microbiota
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FIGURE 4. Identified accompanying microbiota.
Source: own elaboration.
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