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Abstract 

Aims This prospective cross-sectional study aimed to determine the occurrence of resistance genes and genetic 
diversity in Staphylococcus spp., Enterococcus spp., and Escherichia coli isolated from dogs’ superficial surgical site (SS), 
surgeons’ hands, and the operating room (OR) during the intraoperative period.

Methods Thirty dogs undergoing clean/clean-contaminated (G1, n = 20) and contaminated surgeries (G2, n = 10), 
along with eight surgeons, were included in the study. Specimens were collected using sterile swabs, transported 
in 0.1% peptone salt solution, and spread onto blood agar. Environmental samples were collected through passive 
exposure using BHI agar plates. Seventy-five isolates were selected and classified using MALDI-TOF MS. Resistance 
genes were screened via PCR: tet(M), ermA, aacA-aphD, blaZ, mecA, blaTEM-1, blaSHV, blaSHV-1, blaCTX-M-1, 3 e 15, blaCTX-M-2, 
blaCMY-2, mcr1, mcr2, mcr3, mcr4, and ndm. Genetic diversity was assessed through PFGE analysis using SmaI and XbaI 
restriction enzymes, with clustering performed by the UPGMA method. The chi-square test compared the frequency 
of resistance gene detected.

Results Staphylococcus pseudintermedius (83.33%), Enterococcus spp. (52.63%), and E. coli (62.50%) were more 
frequently isolated from dogs’ skin, while coagulase-negative staphylococci (CoNS; 62.50%) were more frequent 
in the OR. Resistance genes detected in Staphylococcus spp. included blaZ (79.17%), mecA (43.75%), tet(M) (41.67%), 
and aacA-aphD (25%). Among Enterococcus spp., tet(M) (78.95%) and blaZ (10.53%) were identified. S. pseudinterme-
dius harbored tet(M) and aacA-aphD genes more frequently than CoNS. No E. coli isolates tested positive for the inves-
tigated genes. Twenty-four PFGE banding patterns were observed in CoNS (24/24), 15 in S. pseudintermedius (15/24), 
4 in E. coli (4/8), and 7 in Enterococcus spp. (7/19). Genetically related S. pseudintermedius and E. coli were obtained 
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from SS and OR in G2. Seven indistinguishable Enterococcus spp. were identified across different procedures 
and patients.

Conclusion Our study revealed high rates of methicillin-resistant Staphylococcus spp. and tetracycline-resistant 
Enterococcus spp. colonizing the environment in a veterinary teaching hospital in Brazil. PFGE analysis indicated a high 
diversity of CoNS and Enterococcus spp. Genetically related strains in S. pseudintermedius, Enterococcus spp., and E. coli 
emphasize the importance of effective infection control policies to minimize the spread of resistant bacteria.

Keywords Epidemiological surveillance, Genetic diversity, Methicillin-resistant Staphylococcus spp., Multidrug-
resistant bacteria, Tetracycline-resistant Enterococcus spp.

Background
Infections caused by multidrug-resistant (MDR) organ-
ism currently represent one of the most significant global 
challenges within the context of One Health, owing 
to their capacity to increase morbidity, mortality, and 
healthcare-associated costs [1]. Infections caused by 
bacteria classified as MDR are challenging because these 
bacteria exhibit resistance to at least one drug from three 
or more antimicrobial classes, severely limiting treatment 
options [2].

The hospital environment is reported as the main risk 
factor for acquiring resistant pathogens during hospitali-
zation, both in human and veterinary settings. Commu-
nity reservoirs of MDR bacteria could contribute to the 
heightened prevalence of these strains in the Intensive 
Care Unit (ICU), thereby compromising patient treat-
ment and outcomes [3, 4].

Methicillin-resistant Staphylococcus spp. (MRS), 
Vancomycin-resistant Enterococcus spp. (VRE), and 
Extended-Spectrum β-Lactamase (ESBL)-producing 
Enterobacterales, such as Klebsiella pneumoniae, Escheri-
chia coli, and Proteus mirabilis, are among the most 
common pathogens causing infections in critically ill vet-
erinary patients [4, 5].

Although epidemiological data in Brazil’s veterinary 
context is lacking, several studies have already reported a 
high prevalence of these pathogens colonizing patients or 
causing infections, especially MRS and ESBL-producing 
organisms [6–13]. Additionally, worldwide studies are 
also documenting the colonization of patients, health-
care professionals, and the environment within veteri-
nary hospital settings by MDR bacteria [6, 11, 14].

This carriage could contribute to the development of 
surgical site infections (SSI), as well as to the dissemi-
nation of these strains among humans and dogs [4, 15]. 
Some studies have reported genetically related strains 
isolated from humans, veterinary patients, and the envi-
ronment [16, 17]. In this way, molecular epidemiology 
appears as an important tool to better screen and eluci-
date the reservoirs and transmission dynamics of MDR 
bacteria in veterinary settings, aiming to develop strate-
gies to overcome these challenges.

With this proposal, this cross-sectional epidemiological 
study aimed to determine the occurrence of resistance 
genes and the banding patterns in pulsed-field gel elec-
trophoresis (PFGE) of Staphylococcus spp., Enterococcus 
spp., and E. coli isolated from dog’s superficial surgical 
site (SS), surgeons’ hands, and the operation room (OR) 
during the intraoperative period of clean/clean-contami-
nated, and contaminated surgeries in a veterinary teach-
ing hospital located in the southeast of Brazil.

Results
Genotypic resistance
Among the bacterial species analyzed, within each spe-
cies, S. pseudintermedius (83.33% [20/24]), E. coli (62.50% 
[5/8]), and Enterococcus spp. (52.63% [10/19]) were more 
frequently isolated from dogs’ skin, while coagulase-neg-
ative staphylococci (CoNS; 62.50% [15/24]), were more 
frequent in the OR environment. Figure 1 A summarizes 
the bacteria isolated by the source of collection.

Regarding the staphylococcal species (Fig.  1B), the 
most frequent was S. pseudintermedius (50% [24/48]), 
followed by S. haemolyticus (19% [9/48]), and S. epider-
midis (15% [7/48]). Among enterococcal species, Entero-
coccus faecium (89.47% [17/19]) was the most frequent, 
followed by E. faecalis (10.53% [2/19]).

When comparing the occurrence between the groups, 
S. pseudintermedius were more frequent in G2 (70% 
[21/30]) than in G1 (16.67% [3/18]), whereas CoNS were 
more frequent in G1 (83.33% [15/18]) than in G2 (30% 
[9/30]). Additionally, Enterococcus spp. were more fre-
quent in G1 (68.42% [13/19]), whereas E. coli isolates 
were only identified in G2 (Fig. 2). Two out of 10 dogs in 
G2 (20%) developed SSI within 30  days after the inter-
vention. These infections were caused by mixed species 
involving S. pseudintermedius, Proteus mirabilis, and 
Pseudomonas aeruginosa (P2), as well S. pseudinterme-
dius, and Enterobacter spp. (P10). No patients in G1 pre-
sented with SSI within 30 days after the procedure.

In terms of the presence of resistance genes, blaZ 
was the most frequently detected overall. No statisti-
cally significant difference was found in the frequency of 
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resistance genes (FR) between isolates obtained from dif-
ferent sources (p > 0.05), as shown in Fig. 3A and Table 1. 
Among Enterococcus spp., tet(M) (78.95% [15/19]), was 
the most frequently detected, followed by blaZ (10.53% 
[2/19]). None of the isolates tested positive for ermA. 
No screened resistance genes were found in the E. coli 
isolates.

Among the staphylococcal isolates (Fig.  3B; Table  2), 
blaZ had the highest occurrence (79.17% [38/48]), fol-
lowed by mecA (43.75% [21/48]), tet(M) (41.67% [20/48]), 
and aacA-aphD (25% [12/48]). CoNS (50% [12/24]) 
exhibited a higher frequency of mecA-positive iso-
lates compared to S. pseudintermedius (37.50% [9/24]), 
although no statistical difference was observed between 
the rates (p = 0.5606). However, for the tet(M) and aacA-
aphD genes, S. pseudintermedius showed a higher pro-
portion (p = 0.0404 and p = 0.0196, respectively) of 
positive isolates (58.33% [14/24] and 41.67% [10/24], 

respectively) compared to CoNS (25% [6/24] and 8.33% 
[2/24], respectively). The phenotypic results for these iso-
lates, obtained in a previous study [11], are summarized 
in Additional File 1.

Four out of 10 procedures (40%) whithin G2 and 7 out 
of 20 (35%) within G1 had at least one MRS isolated from 
any source.

Genetic diversity
Twenty-four PFGE banding patterns were observed in 
CoNS. S. haemolyticus, and S. epidermidis presented a 
Diversity Ratio (DR) of 100%. Fifteen PFGE banding pat-
terns were observed in S. pseudintermedius (DR = 58.33% 
[14/24]), 4 in E. coli (DR = 50% [4/8]), and 7 in Enterococ-
cus faecium and E. faecalis (DR = 36.84% [7/19]).

Regarding the staphylococcal species, CoNS isolates 
exhibited greater diversity compared to S. pseudinter-
medius, a coagulase-positive staphylococci (Fig.  4). 

Fig. 1 Percentage distribution of overall bacterial species (A) and within Staphylococcus spp. (B) isolated per source of collection 
during the intraoperative period. Abbreviations: coagulase-negative staphylococci (CoNS); dogs’ superficial surgical site (SS); surgical site infection 
(SSI)
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Genetically related S. pseudintermedius isolated from 
different sources were obtained during two procedures 
(P2 and P10) in G2 (Fig. 4A). In contrast, none of the S. 
haemolyticus, and S. epidermidis isolates exhibited a high 
degree of similarity (≥ 90%) among the three distinct 
sources (Fig. 4B; 4C). Three isolates were obtained from 
SS (keys: 85, 87, and 90), 1 from OR (key: 82), and 1 caus-
ing SSI (key: 91) in P2. In P10, 1 isolate obtained from SS 
(key: 130) were genetically related to 1 isolate causing SSI 
(key: 137).

Four episode of genetically related Enterococcus spp. 
were identified across different procedures, and distinct 
patients. Isolates 42 and 61 (from P15 and P19); 102, 104, 
and 108 (from P3 and P4); and 9, 10, and 15 (from P5 and 
P6) were obtained from SS and exhibited high similarity 
(Fig.  5A). Another episode was found among eight iso-
lates obtained from OR environment (11, 16, 34, and 66), 
SS (60, and 65), and surgeons’ hands (98 and 99).

Despite the limited number of E. coli isolates obtained 
in this study, one episode of genetically related isolates 
was found (Fig. 5B). In P10, three isolates obtained from 
the environment (keys: 121, 122, and 123) were similar to 
one obtained from SS (key: 147).

Discussion
This cross-sectional epidemiological study reveals the 
presence of significant resistance genes identified in 
Staphylococcus spp., Enterococcus spp., and E. coli, along 
with their genotypic patterns.

S. pseudintermedius, S. epidermidis, and S. haemolyti-
cus are common pathogens that colonize the skin and 
mucous membranes of dogs and humans, except for 
S. pseudintermedius, which is typically found in dogs 
but rarely in humans. They are oportunistic pathogens 
and a common cause of healthcare-associated infec-
tions, including SSIs [18, 19]. The colonization by MDR 
Staphylococcus spp. appears as one of the main risk fac-
tors for acquiring serious infections [5].

Only one (12.5% [1/8]) S. pseudintermedius isolate 
was obtained from surgeon’s hands in this study; how-
ever it was not genetically related to other isolates 
found in the environment or dog’s skin, suggesting 
human colonization by this strain. The close contact 
between humans and pets nowadays is increasing the 
prevalence of this species, particularly among veteri-
nary workers [14, 16, 17, 20, 21].

Additionally, genetically related strains obtained from 
different sources were found among S. pseudinterme-
dius isolated in two procedures in G2 (20% [2/10]), 
while in G1, there was no evidence of shared strains 
during a same procedure. This is likely due to contami-
nated surgeries presenting a higher microbial load in 
the surgical site, despite of not showing an infection. 
This high microbial content could also increase the 
possibility of fomites and environment contamination 
during the procedure, as well as increasing the SSI rates 
[22]. Thus, two out of 10 dogs in G2 (20%) developed 
SSI within 30  days after the intervention, caused by a 
mixed infection involving S. pseudintermedius. These 

Fig. 2 Percentage distribution of overall bacterial species isolated during the intraoperative period, per type of surgery, in clean/contaminated (G1) 
and contaminated surgery (G2). *The outer ring differentiates between the two groups: clean/contaminated surgeries (G1, blue) and contaminated 
surgeries (G2, orange), while the inner ring represents the bacterial species isolated in G1 (right) and G2 (left). Abbreviations: clean/contaminated 
surgery (G1); contaminated surgery (G2); coagulase-negative staphylococci (CoNS)
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isolates are similar to those obtained from the patients’ 
skin during the intraoperative period (Fig. 4A).

Previous studies conducted in veterinary settings 
have already reported genetic relatedness in bacte-
rial strains among dogs, personnel, and the hospital 

enviroment, identifying this as a risk factor for acquir-
ing healthcare-associated infections [14, 23]. Inter-
estingly, a high occurence of staphylococcal isolates 
in the present study harbored blaZ (79.17%), mecA 
(43.75%), tet(M) (41.67%), and aacA-aphD (25%), genes 

Fig. 3 Frequency of resistance genes detected in Staphylococcus sp., and Enterococcus sp. per collection source (A), and in S. pseudintermedius 
and coagulase-negative staphylococci (B) isolated from different sources during the intraoperative period in clean/clean-contaminated 
and contaminated surgery. *A statistical difference was found when comparing the rates of positive resistance genes among staphylococcal isolates 
using the chi-square test, with a significance threshold set at 0.05 and analysis conducted with R 4.3.3 software. Abbreviations: coagulase-negative 
staphylococci (CoNS); dogs’ superficial surgical site (SS); surgical site infection (SSI)

Table 1 Frequency of Staphylococcus spp. isolates positive for selected resistance genes by source of collection

* Value significantly different (p < 0.05) between groups compared by chi-square test, with a significance threshold set at 0.05 and analysis conducted with R 4.3.3 
software

Abbreviations: dogs’ superficial surgical site (SS)

Source tet(M) aacA-aphD blaZ mecA

N % N % N % N %

SS (n = 25) 12 50,00% 10 41,67% 20 83,33% 9 37,50%

Surgeon (n = 6) 2 33,33% 0 0,00% 5 83,33% 2 33,33%

Environment (n = 17) 5 29,41% 2 11,76% 12 70,59% 10 58,82%
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conferring resistance to penicillins, beta-lactams, tet-
racycline, and aminoglycosides drugs, respectively. 
These results, corroborate previous findings regarding 
phenotypic resistance published by the author’s group. 
High rates of antimicrobial resistance to penicillin 
(80–100%), oxacillin (50%), cefoxitin (53.33–75.86%), 
tetracycline (65–73.33%), gentamicin (34.48–66.67%), 
and erythromycin (73.33–75.86%) in disk diffusion tests 
were observed [12]. However, despite the high rates of 
phenotypic erythromycin resistance found, no isolates 
were positive for the ermA gene in the current study. 
This finding highlights the need for further investiga-
tion into the resistance mechanism of these isolates 
[24]. Similar resistance rates were recently reported by 
Teixeira et  al. (2023) [13], regarding aminoglycosides 
(84%), penicillin (76%), tetracycline (53.3%), and oxacil-
lin resistance (24%) located in the southeast of Brazil.

Staphylococcus spp. strains harboring the mecA gene 
are generally multidrug-resistant, as this gene confers 
resistance to all drugs of the β-lactam class, with the 
exception of fifth-generation cephalosporins, and often 
correlates with resistance to other antimicrobial classes 
as well [25]. This behavior severely restricts treatment 
options and compromises patient outcomes. Addi-
tionally, tetracycline (tet), gentamicin (aacA-aphD) 
and erythromycin (ermA) could be important alterna-
tive choices to treat MRS infections, avoiding the use 
of antibiotics with high toxicity, such as rifampicin or 
chloramphenicol, or those antimicrobials considered 
critically important in human medicine, such as vanco-
mycin, linezolid, and fluoroquinolones [26]. Hence, the 
high rates of tet(M) and aacA-aphD, in addition to blaZ 
and mecA, detected in our study are concerning.

These rates of MRS contrast with the low frequency 
(< 10%) of MRS colonization reported in companion 
animal practice, veterinary healthcare professionals, 
and veterinary settings in some countries, such as Aus-
tria [27], Bangladesh [28], Germany [29], Tanzania [30], 
and United States [23, 31]. However, they corroborate 

with the moderate or high occurrence (> 10%) observed 
in Brazil [6, 7, 10, 11, 13], Iran [32], Italy [33], Nigeria 
[34], Poland [35], Portugal [36], South Africa [37], and 
Switzerland [38] with occurrence rates ranging from 10 
to 85.9%.

While the importance of S. epidermidis as a pathogen 
in human medicine is well-established, its significance 
in veterinary medicine remains unclear and potentially 
underestimated. However, there is increasing recogni-
tion of CoNS, mainly S. epidermidis and S. haemolyticus, 
as potential pathogens causing nosocomial infections in 
veterinary settings [7, 12, 38]. The present study showed 
a higher frequency of methicillin-resistance in CoNS 
(50%) isolates than in S. pseudintermedius (37.50%), a 
coagulase-positive staphylococci. Although no statisti-
cal significance was found, this finding corroborates with 
the previous phenotypic results published by the author’s 
group [11], and with the findings reported by Adiguzel 
et al. (2022) [39].

The high frequency of staphylococcal isolates harbor-
ing mecA gene in the present study, as well as those fre-
quently reported worldwide over the last two decades, 
underscore the exponential emergence of MRS globally. 
This trend is notable even in countries that tradition-
ally report a low prevalence of these strains, highlighting 
the imperative for effective surveillance efforts aimed at 
devising strategies to mitigate this threat [40]. There-
fore, meticulous attention to infection control policies is 
imperative to address the spread of these resistant strains 
and mitigate their impact on animal health.

Enterococcus spp. are opportunistic pathogens capa-
ble of surviving for months in the environment under 
adverse conditions. They can cause nosocomial infec-
tions, especially in immunocompromised patients [41]. 
While less prevalent compared to Staphylococcus spp. in 
causing infections in dogs, the incidence of Enterococ-
cus spp. infections is increasing, with multidrug-resistant 
strains posing a significant concern in both human and 
canine critical care settings [42, 43]. Despite their lower 

Table 2 Frequency of isolates positive for selected resistance genes in Staphylococcus pseudintermedius and coagulase-negative 
staphylococci species

* A statistical difference was found when comparing the rates of positive resistance genes among staphylococcal isolates using the chi-square test, with a significance 
threshold set at 0.05 and analysis conducted with R 4.3.3 software. Significant differences are highlighted in bold

Abbreviations: coagulase-negative staphylococci (CoNS), dogs’ superficial surgical site (SS), surgical site infection (SSI)

Species tet(M) aacA-aphD blaZ mecA

N % N % N % N %

S. pseudintermedius 
(n = 24)

14 58,33%* 10 41,67%* 21 87,50% 9 37,50%

CoNS (n = 24) 6 25,00%* 2 8,33%* 17 70,83% 12 50,00%

p-value 0,04042 0,01963 0,2863 0,5606
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prevalence, infections caused by enterococcal species are 
challenging to treat due to their diverse intrinsic antimi-
crobial resistance mechanisms and high level of acquired 
resistance, severely limiting treatment options [41, 44].

In the present study, Enterococcus faecium (89.47%) 
and E. faecalis (10.53%) were more frequently obtained 
from SS (52.63%) and from the OR environment 
(31.58% [6/19]). These isolates exhibited a different 

Fig. 4 Dendrogram produced by comparing banding patterns on PFGE of Staphylococcus pseudintermedius (A), S. haemolyticus (B), S. 
epidermidis (C), and other coagulase-negative staphylococci (D) species isolated from dogs’ superficial surgical site (red); surgeons’ hands (green), 
and operation room (blue). The dendrogram was generated using the UPGMA clustering method in BioNumerics 7.1 software. The Dice coefficient 
and optimization was set at 1%. PFGE similarity cutoff of 90% (dashed line) was applied. Red squares highlight the genetically related isolates. *Note: 
Species and genes names are not italicized due to software limitations (BioNumerics 7.1). Abbreviations: G1 = clean/clean contaminated surgery; G2: 
contaminated surgery; SS: dogs’ superficial surgical site; SSI: surgical site infection; Env: environment; Surg: surgeon
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diversity and similarity pattern (Fig. 5A) compared to S. 
pseudintermedius and CoNS, showing a lower FR than 
the other species. Interestingly, eight indistinguishable 
isolates by PFGE banding patterns were observed in five 
procedures in G1 (isolates key: 11, 16, 34, 60, and 65) 
and two procedures in G2 (isolates key: 66, 98, and 99). 
All but one of these isolates harbored the tet(M) gene. 
This observation likely indicates the persistence of a 
specific strain in the surgical environment and under-
scores the need for more appropriate cleaning and dis-
infection procedures tailored to this species. Chung 
et al. (2014) [45] previously reported a potential clonal 
cluster of antibiotic-resistant Enterococcus spp. isolated 
from both dogs and healthcare professionals in a veteri-
nary hospital in Korea. Additionally, Ghosh et al. (2011) 
[46] documented a low FR of E. faecium in the feces of 
dogs in an ICU, along with strains genetically related 
among dogs, humans, and hospital outbreaks.

A high rate of enterococcal isolates harbored the tet-
racycline resistance gene (78.95%), which correlates with 
the phenotypic resistance reported previously (78.95%) 
by the author’s group [11] and with findings reported by 

other authors [47–50]. However, the detection frequency 
of blaZ (10.53%), and ermA (0%) contrast with the phe-
notypic results for penicillin (68.42%), and erythromycin 
(84.24%) resistance for these specific isolates [11], and 
with those reported by other authors [47]. Several studies 
have reported an absence of a strong association between 
phenotypic and genotypic resistance to erythromy-
cin. This highlights the urgent need for comprehensive 
molecular investigations of these species [49].

Finally, E. coli was isolated from two patients under-
going two different procedures. In one of these proce-
dures, isolates were obtained from both the surgical site 
(isolate key: 147) and the environment (isolate key: 121, 
122, and 123), exhibiting high similarity in PFGE banding 
patterns. Furthermore, all isolates tested negative for the 
investigated resistance genes, despite being phenotypi-
cally classified as MDR (Additional File 1). As the most 
often identified Gram-negative bacterium from animals, 
E. coli is responsible for a wide range of illnesses, includ-
ing sepsis syndromes, gastrointestinal disorders, entero-
toxemy, and SSI. Contaminated surgeries have a higher 
microbial load in the tissue and/or chronic inflammation, 

Fig. 5 Dendrogram produced by comparing banding patterns on PFGE of Enterococcus spp. (A) and E. coli (B) isolated from dogs’ superficial 
surgical site (red); surgeons’ hands (green), and operation room (blue). The dendrogram was generated using the UPGMA clustering method 
in BioNumerics 7.1 software. The Dice coefficient and optimization was set at 1%. PFGE similarity cutoff of 90% (dashed line) was applied. Red 
squares highlight the genetically related isolates. *Note: Species and genes names are not italicized due to software limitations (BioNumerics 7.1). 
Abbreviations: G1 = clean/clean contaminated surgery; G2: contaminated surgery; SS: dogs’ superficial surgical site; SSI: surgical site infection; Env: 
environment; Surg: surgeon
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making these sites more susceptible to contamination by 
environmental bacteria [4, 22]. Thus, it was expected that 
this bacterial species would be isolated only in G2.

The limited number of E. coli isolates in this study 
poses challenges for conducting a reliable analysis of 
genotypic antimicrobial resistance frequency. Addition-
ally, the small sample size of procedures, dogs, and sur-
geons included in this study is another limitation, along 
with the restricted diversity of resistance genes screened. 
Despite these limitations, our study provides essential 
insights for epidemiological surveillance and suggests 
avenues for further cross-sectional and longitudinal 
research.

Conclusion
Our cross-sectional epidemiological study revealed high 
rates of MRS and tetracycline-resistant Enterococcus 
spp. colonizing the environment in a veterinary teach-
ing hospital in the southeast of Brazil. PFGE analysis 
indicated a high diversity of CoNS among dogs, vet-
erinarians, and the operating room. Genetically related 
strains were found in S. pseudintermedius, Enterococcus 
spp., and E. coli isolates, emphasizing the importance 
of effective infection control policies to minimize the 
spread of multidrug-resistant bacteria. Hospital envi-
ronments and dogs can serve as sources of multidrug-
resistant bacterial strains. Enhancing awareness and 
monitoring of these organisms in veterinary environ-
ments can aid in the prevention and control of infec-
tions. Continuous passive and active surveillance are 
crucial for achieving this goal.

Methods
Study design and population
A prospective cross-sectional epidemiological study was 
conducted at a veterinary teaching hospital in São Paulo 
state, Brazil. Seventy-five isolates were obtained from 
the superficial surgical site (SS) of 30 dogs that had not 
received antimicrobial therapy in the 72  h prior to col-
lection, as well as from the operating room environment, 
and 8 veterinary surgeons in 30 different procedures. 
These dogs underwent either clean/clean-contaminated 
(G1 [n = 20]) or contaminated (G2 [n = 10]) surgeries.

The isolates were obtained from a previously published 
study conducted at the same veterinary teaching hospital 
during the year 2019 [11]. The owners of the dogs and the 
surgeons selected for this study provided informed con-
sent for their participation.

Sample collection
In a previous study [11], specimens were collected 
using a dry, sterile cotton-tipped swab and transported 
in a sterile tube containing 0.1% peptone salt solution. 

For surgeons samples, swabs were rubbed in a circu-
lar motion from the wrists to the fingertips (both dorsal 
and palmar surfaces), with this procedure repeated three 
times for each finger. For dog’s skin samples, the swab 
was also rubbed over the superficial surgical site (SS). 
The swabs were then spread onto 5% bovine blood agar 
(Oxoid, United Kingdom).

Environmental samples were collected via passive 
exposure using a Petri dish with Brain Heart Infusion 
agar (BHI; Oxoid, United Kingdom), which was left open 
on a 1-m-high support positioned near the surgery table 
during the procedure. All samples were incubated at 
37 °C for 24 h under aerobic conditions. All morphologi-
cally distinct colonies from each sample were selected for 
further analysis. 

Bacterial species identification
Each obtained colony was preserved in BHI broth with 
a 30% glycerol solution (1:1) at −80 ºC and subsequently 
inoculated into BHI broth prior to each analysis.

Forty-eight Staphylococcus sp., 19 Enterococcus sp., and 
8 Escherichia coli isolates, identified by Matrix-Assisted 
Laser Desorption Ionization Time-Of-Flight Mass Spec-
trometry (MALDI-TOF MS), were selected for this study. 
Sample preparation, data acquisition, and analysis were 
conducted as previously described by Sauer et al. (2008) 
[51] and Freiwald & Sauer (2009) [52]. The MALDI Bio-
typer 3.1 software from Bruker Daltonics was utilized 
to identify bacterial isolates based on their mass spectra 
obtained by an Autoflex III Smartbeam mass spectrom-
eter. Standard Bruker interpretative criteria were applied; 
scores ≥ 2.0 were considered indicative of high reliability, 
while scores between 1.7 and 1.99 were considered indic-
ative of moderate reliability. Isolates with a score < 1.7 
were excluded from this study.

Resistance genes detection
DNA extraction
The DNA extraction of Staphylococcus spp. and Entero-
coccus spp. isolates was carried out following the method 
proposed by Bag et  al. (2016) [53] and Moraes et  al. 
(2022) [54] with some modifications. Briefly, aliquots of 
1.5  mL of bacterial culture from each isolate were cen-
trifuged at 8000 rpm for 5 min at 12 °C to obtain a suf-
ficient cell pellet. The culture medium was discarded, 
and the bacterial pellet was resuspended in 700 µL of 
DNA extraction buffer [Tris–HCl 160  mM pH 8.0; 
EDTA 60  mM pH 8.0; NaCl 20  mM; SDS 0.5% (w/v)]. 
Cell lysis occurred at 65 °C for 40 min. Subsequently, 300 
µL of 5  M potassium acetate solution was added to the 
solution, which, after homogenization, was kept on ice 
bathing for 30  min. Purification was performed using 
600 µL of chloroform:isoamyl alcohol 24:1 (v/v) under 
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centrifugation at 12,000  rpm at 10  °C for 10  min. The 
clear supernatant was transferred to new tubes to which 
1000 µL of chilled absolute ethanol was added. The solu-
tion was homogenized and kept in a freezer at −20 °C for 
12 h for DNA precipitation. Subsequently, the tubes were 
centrifuged at 12,000 rpm at 10  °C for 17 min to obtain 
the DNA pellet. The supernatant was discarded, and the 
pellet was washed with 700 µL of 70% (v/v) ethanol, dried 
at 55 ºC, and resuspended in 30–50 µL of TE buffer 10:1 
(Tris–HCl 10 mM pH 8.0; EDTA 1 mM pH 8.0).

The DNA of Gram-negative bacteria was obtained 
using the boiling extraction method, as described by Kes-
kimaki et al. (2001) [55].

PCR amplification
Resistance genes were detected through PCR amplifi-
cation of selected genes. PCR conditions for detection 
of tested genes were carried out following previously 
described protocols provided in the Addtional File 2.

The genes tet(M) [56], aacA-aphD [56], ermA [56], 
and blaZ [57] were screened in Staphylococcus spp. and 
Enterococcus spp. isolates, while mecA [58] was exclu-
sively targeted in Staphylococcus spp. For E. coli, the 
following genes were investigated: blaTEM-1 [59], blaSHV 
[60], blaSHV-1 [59], blaCTX-M-1, 3 e 15 [61], blaCTX-M-2 [61], 
blaCMY-2 [62], mcr1 [63], mcr2 [63], mcr3 [63], mcr4 [63], 
and ndm [64].

The PCR protocol followed the method described 
by CHINA et  al. (1996) [65] with slight modifications. 
Briefly, a DNA aliquot (2 µL) was added to a mixture 
containing 0.4 µL of dNTP (2  mM), 2 µL of 10X buffer 
solution (200 mM Tris–HCl; 500 mM KCl; 20 mM  MgCl2 
[pH 8.5]), 0.8 µL of  MgCl2 (25 mM), 0.2 µL of Taq DNA 
polymerase, and 1 µL of each primer (10 pmol), forward 
and reverse. The final volume of 20 µL was achieved with 
sterile MilliQ water. An aliquot of 5 µL of Gel Loading 
Dye Blue (0.25% bromophenol blue in 50% glycerol) was 
added to the PCR product. A molecular marker (100 pb 
or 1000 pb) was applied to a 1.5% agarose gel with SYBR® 
Safe DNA Gel Stain 10X (Thermo Fisher Scientific, Bra-
zil). The eletrophoresis was runned in a Tris–Borate, 
EDTA buffer (120 V).

Bacterial genotyping
Strain genotyping was conducted using PFGE. Genomic 
DNA from all Staphylococcus spp. and Enterococcus spp. 
isolates was digested with SmaI, and from E. coli and 
Salmonella spp. with XbaI. Subsequently, they were sep-
arated by PFGE using the standardized Centers for Dis-
ease Control (CDC) protocol [66]. The pulse switch times 
for E. coli were 2.2  s initial time, 54.2  s final time, with 
a gradient of 6 V  cm−1 and an angle of 120°, at 14 °C for 
21 h; and for Staphylococcus spp. and Enterococcus spp. 

were 5.0  s initial time, 40.0  s final time, with a gradient 
of 6 V  cm−1 and an angle of 120°, at 14 °C for 19 h. The 
universal size marker Salmonella serotype Braenderup 
H9812 were used on every gel [67].

Data analysis
Data generated were subjected to descriptive statistics 
using WPS Office spreadsheet© version 5.7.1 (Kingsoft 
Office Corporation, China) and expressed in percentages.

The frequency of resistance genes (FR) was calculated 
by WPS Office spreadsheet according to the formula:

The chi-square test was applied using R 4.3.3 soft-
ware© (R Foundation for Statistical Computing, Austria) 
to compare bacterial resistance rates between isolates 
obtained from different sources (within the same species) 
or among different species. A significance threshold of 
0.05 was applied.

DNA fingerprints were analyzed using BioNumerics 7.1 
software (Applied Maths NV, bioMérieux, Belgium), and 
the similarity of PFGE fragments obtained was compared 
using a Dice coefficient with a tolerance and optimization 
of 1%. The dendrogram was generated using the UPGMA 
clustering method. A PFGE similarity cutoff of 90% was 
applied to consider isolates as genetically related.

Diversity ratio (DR) was calculated by WPS Office 
spreadsheet according to the formula:
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CoNS  Coagulase-negative staphylococci
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MDR  Multidrug-resistant
MRS  Methicillin-resistant Staphylococcus spp.
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VRE  Vancomycin-resistant Enterococcus spp
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clean-contaminated surgery. Addtional Table 2. Summary of phenotypic 
and genotypic resistance in strains isolated from dogs’ surgical site, 
surgeons’ hands, and operation room during the intraoperative period in 
contaminated surgery
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