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Abstract 

Microorganisms are abundantly dispersed in nature and can also be found in hospital environments, 

causing high rates of infections. This study aims to identify bacteria isolated from a veterinary 

hospital as well as carry out antimicrobial susceptibility testing, biofilm production tests, and genetic 

analysis of the ica operon of the isolates. Three collections were carried out on 11 surfaces and objects 

from general areas and the hospital’s operating room, totaling 33 samples, with 66 different bacterial 

species isolated, 77% (51/66) of them gram-positive and 23% (29/66) gram-negative. MDR, MRSA, 

MRS and ESBL resistance profiles were found, as well as biofilm production rates of 57% (38/66) of 

the isolates. Analysis of operon genes for Staphylococcus sp. demonstrated divergence in some 

samples when compared to the phenotypic test performed. In summary, there is a high presence of 

microorganisms with resistance and virulence factors spread throughout the various facilities of the 

veterinary hospital. 

Keywords: pathogenic microorganisms; biofilms; veterinary environments; resistance 

 

1. Introduction 

Hospital environments are considered important reservoirs of microorganisms, playing a 

significant role in the selection and dissemination of multidrug-resistant pathogens, leading to cases 

of secondary cross-infections [1,2]. In hospital environments and veterinary practices, the intense and 

constant movement of people and animals associated with animal health immunosuppression and 

risk factors such as increased hospital stays, high incidence of invasive procedures, and excessive and 

inadequate use of antimicrobial therapies contribute to the incidence of Healthcare-Associated 

Infections (HAIs) [3,4]. The rapid spread of microorganisms and the high capacity to produce 

virulence factors lead to an increase in antimicrobial resistance rates and the formation of biofilms, 

making the treatment of infections even more difficult [5]. Biofilms are structured and complex 

bacterial communities, wrapped in a self-producing polymeric matrix, which is composed of 

proteins, lipids, carbohydrates, extracellular nucleic acids (eRNA and eDNA), and extracellular 

polymeric substance (EPS) [6–8]. The intense bacterial proliferation and interaction provides genetic 

exchange between different bacterial strains, ensuring survival and conferring resistance to 

antimicrobials, disinfectants, and against mechanisms of the host’s immune response [9]. 

The process of bacterial biofilms formation involves four main stages, which include initial 

reversible adhesion, irreversible adhesion, and formation of microcolonies, maturation and 

dispersion of persister cells [10,11]. This process is genetically regulated by specific genes for the 

coding of adhesion proteins [12]. For the species of Staphylococcus sp., ica operon (icaADCB and gene 

ica R) responsible for the production of Polysaccharide intercellular adhesin (PIA), the homologous 
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biofilm-associated protein (Bhp), and the accumulation-associated protein (Aap) are the most 

important [13,14]. In addition to these, the communication system between cells, quorum sensing, 

plays an important role in the production of autoinducers and accessory gene regulators such as the 

agr locus (agr I, II and III) [12,13]. 

The obstacles in this issue, besides causing severe infections with permanent consequences and 

even the death of the animal, lead to the possibility of social and psychological repercussions for the 

guardians, with high hospital costs, traumas, and loss of credibility of the team and the institution 

[15]. Concomitant to this, there is the ability of transmission of these multiresistant bacterial infections 

from animals to their owners, professionals, employees and, in teaching hospitals, to academics and 

residents in the area, which can cause outbreaks and acquire zoonotic potential, raising concerns at 

the level of One Health [3,16,17]. Furthermore, studies in veterinary environments and 

epidemiological data regarding bacterial contamination are still scarce and underreported, with the 

topic being little discussed [18]. 

The aim of this study was to isolate and identify bacteria from surfaces and objects in general 

areas and in the operating room of a veterinary hospital, as well as to evaluate the antimicrobial 

resistance profile, the biofilm formation capacity, and the presence of ica operon genes in isolated 

bacteria. 

2. Materials and Methods 

Study Design 

Samples were collected from 11 surfaces and/or objects at a veterinary teaching hospital in the 

Southwest Region of Goiás, totaling 33 samples. The objects and surfaces were selected based on 

literature research on the main potential locations for harboring microorganisms in the hospital 

environment. After analyzing several studies, the locations were selected and adapted in some cases. 

Collection and Transportation of Samples 

Sample collection was divided into two distinct environments: non-critical areas and critical area 

(surgical suite), with one and two collection moments respectively, totaling three collection moments 

(33 samples). The first collection covered non-critical areas: reception desk, offices, isolation area, 

hospitalization area, infectious diseases area, and pre-operative areas of the hospital. The other two 

collections were carried out exclusively in the two operating room areas of the hospital surgical suite. 

The collections were carried out with the use of sterile swabs soaked in 0.9% saline, which were 

passed over the objects and surfaces and then placed in identified test tubes containing Brain Heart 

Infusion (BHI) (OXOID® ) broth, placed on shelves in a thermal box and transported to the 

Bacteriology and Mycology Laboratory, remaining incubated for 24 hours in a BOD incubator at a 

temperature of 35±2 ºC, under aerobic conditions. 

Sample Processing and Identification 

Samples positive for bacterial growth (turbidity of the BHI broth) were plated on Blood Agar—

BA (HIMEDIA® ) and incubated for a period of 24 hours in a BOD incubator at a temperature of 35±2 

ºC (95°F+35,5°F) in an aerobic atmosphere. After the incubation time, the samples were analyzed for 

the diversity of colonies grown as well as their hemolysis pattern. Plates with distinct colonies were 

transferred to new BA plates for these colonies to be purified. Then, an isolated colony from each 

sample was subjected to the Gram staining technique (NewProv Kit® ) and thus seeded on specific 

agar and incubated for 24 hours. Subsequently, phenotypic identification tests through conventional 

biochemical tests were performed: fermentation of Salted Mannitol agar (HIMEDIA® ), catalase, 

coagulase, DNAse, polymyxin B, and novobiocin test for gram-positive cocci bacteria (catalase 

positive); catalase, optochin, bacitracin, bile-esculin test and NaCl tolerance test for gram-positive 

cocci bacteria (catalase negative); catalase test and Gram technique for gram-positive bacilli; and for 
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gram-negative, lactose fermentation in MacConkey agar (HIMEDIA® ), oxidase, and rugai tests 

(Newprov® ) [19]. 

Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility testing (AST) was performed using the disk diffusion method 

(Kirby-Bauer). A bacterial suspension was prepared with 0.9% sterile saline in turbidity of 1.5 x 108 

CFU/ml (0.5 on the McFarland scale), and then seeded in a Petri dish (140x15mm) with Mueller 

Hinton agar (HIMEDIA® ); the antimicrobials corresponding to each isolated strain were deposited 

and incubated in a BOD incubator at 35º ± 2º C for 18 to 24 hours. The interpretation of the inhibition 

halos and the selection of antimicrobials was carried out according to parameters recommended by 

BrCAST [20] and the strains were classified as Multidrug-resistant (MDR), extensively drug-resistant 

(XDR), pandrug-resistant (PDR) [21]. 

Biofilm Production 

To perform this test, an isolated colony of each strain identified was transferred to the BHI broth 

and incubated in a BOD incubator, 35±2 ºC, for a period of 24 hours. Subsequently, the test was 

assembled in sterile 96-well polystyrene microtiter plates and deposited in all wells of the plate, 198 

μL of Tryptic Soy Broth—TSB (OXOID® ), supplemented with 1% glucose (MERCK® ) and 2 μL of BHI 

+ Strain, totaling 200 μL per well. The positive control used was the ATCC 0027 strain Pseudomonas 

aeruginosa and the negative control was TSB broth + 1% glucose. All samples and controls were tested 

in triplicate. The plate was covered and taken to the BOD incubator, 35±2 ºC, for 48 hours and the 

reading continued in four different steps: plate washing 3 times with 300 uL of 0.9% sterile saline, 

heat fixation in an incubator at 60°C (1 hour), staining with 150 uL of crystal violet at 2% (15 minutes), 

and resolubilization with 150 uL of 95% alcohol (30 minutes), and finally, measurement of the results 

in a microtiter plate reader (Thermo Plate® ) at 550 nm. The averages of the triplicates were calculated 

and compared with the average of the negative control, performed using the cutoff point (Cut off—

ODc) according to the formula: ODc = (Average OD-) + (3 x sd). The strains were classified as non-

biofilm producers, and weak, moderate and strong biofilm producers [22]. 

DNA Extraction from Isolates 

DNA extraction was performed on all gram-positive strains isolated by the boiling method, 

following the technique of Olsvick and Strockbine [23] with minor modifications. The isolates were 

resuspended in BHI broth and incubated in a BOD incubator overnight, and then transferred to 1.5 

mL microtubes, centrifuged at 8000 rpm for 4 minutes, and the supernatant was discarded. They were 

then resuspended in 200μl of TE (Tris-Acetate-EDTA) buffer solution, vortexed and centrifuged 

again, with supernatant being discarded and the process repeated three times. At the end of the last 

wash, the pellet was resuspended, placed in a water bath at 95ºC for 10 minutes, centrifuged for 20 

seconds at 8000 rpm, and the supernatant was then transferred to a 500uL microtube and stored at -

20ºC until use. 

Detection of Operon Genes ica (icaA and icaD) 

The strains were subjected to the PCR technique as described by Proietti et al. [24], with the 

primers F: ACTGTTTCGGGGACAAGCAT and R: ATTGAGGCTGTAGGGCGTTG (134 bp) for the 

gene ica A and F: CGTTAATGCCTTCTTTCTTATTGCG and R: ATTAGCGCACATTCGGTGTT (166 

bp) for the gene ica D. The reaction was performed with 25 μL and with reagents from the PCR kit 

from Promega Corporation (GoTaq®  G2 Master Mix) containing 5 μL of Buffer with MgCl2 (5X), 200 

μM of deoxyribonucleotide triphosphates (dNTP), 10 μM of each primer, 1 U of Taq polymerase and 

30 ng/μl of DNA (Nanodrop® ) from each sample. The amplification cycle used was (94°C/3 min, 35 × 

(94°C/15 s, 60°C/20 s, 72°C/20 s), final extension at 4°C) performed in a thermocycler (Bioer® ) and the 

visualization of the reaction products was done in 1.5% agarose gel electrophoresis in 0.5X TBE buffer 
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(0.05 mM Tris, 1.25 mM EDTA, and 0.05 M boric acid stained with ethidium bromide), using 10 uL 

of each sample and 1 uL of 1 Kb molecular size marker (Kasvi® ), this only in the first well. The gel 

was visualized under ultraviolet light after the products were stained with Gelred (Invitrogen® ). The 

positive control of the reaction was a strain of S. pseudintermedius carrier of the operon genes ica. 

Statistics 

The results regarding identification, antimicrobial susceptibility testing, and phenotypic biofilm 

production were expressed as a percentage of positivity frequency (%), while the results of genetic 

analysis were entered into the software BioEstat®  version 5.0, to calculate the Kappa coefficient 

agreement [25]. 

3. Results 

Of the 33 samples collected, 66 isolates were obtained, 22 isolates from the general areas, 21 

isolates from the first collection from the surgical suite, and 23 isolates from the second collection 

from the surgical suite. Of these, 77% (51/66) were gram-positive and 23% (15/66) were gram-

negative. The frequency of positivity for the isolated gram-positive species were respectively: Bacillus 

sp. 27% (18/66), Staphylococcus epidermidis 17% (11/66), coagulase-negative Staphylococcus 15% (10/66), 

Staphylococcus pseudintermedius 12% (8/66), Staphylococcus aureus 3% (2/66), and Enterococcus sp. 3% 

(2/66). For gram-negative bacteria, they were: Enterobacter sp. 9% (6/66), Escherichia coli 8% (5/66), 

Klebsiella pneumoniae 4% (3/66), and Acinetobacter sp. 1.5% (1/66). Table 1 shows the collected locations, 

the identified species, and their respective resistance profiles and biofilm production capacity 

through the phenotypic test. 

Table 1. Collection sites, identified species, resistance profile, and biofilm production in general areas and 

operating room of the veterinary hospital. 

General areas Operating Room 

Collection 01 Collection 02 Collection 03 

Location

s of 

Collectio

n 

Species 

bacterial 

Resistan

ce 

Profile 

Biofilm 

product

ion 

Locations of 

Collection 

Species 

bacterial 

Resistan

ce 

Profile 

Biofilm 

product

ion 

Species 

bacterial 

Resistan

ce 

Profile 

Biofilm 

product

ion 

Receptio

n desk 

compute

r 

keyboard 

K. 

pneumoniae 

S. 

pseudinterm

edius 

ESBL 

 

MDR 

No 

 

Weak 

Heart rate monitor 

cable pigtails  

S. epidermidis 

(S2) 

Bacillus sp. 

(S2) 

MDR 

MDR 

Weak 

Modera

te 

Bacillus sp. 

(S1) 

Bacillus 

sp.(S2) 

Enterobacter 

sp. (S2) 

NDR 

NDR 

NDR 

No 

Modera

te 

No 

Screenin

g room 

stethosco

pe 

S. 

pseudinterm

edius 

MDR No Heart monitor 

S. epidermidis 

(S1) 

S. epidermidis 

(S2) 

MDR/M

RS 

MDR 

No  

Weak 

 Bacillus 

sp.(S1) 

S. 

coagulase-

negative 

(S2) 

Enterobacter 

sp. (S2) 

 

NDR 

MDR/M

RS 

NDR 

 

No 

Weak 

No 

Receptio

n desk 

table 

S. 

pseudinterm

edius 

S. 

epidermidis 

E. coli 

MDR/M

RSP 

 

MRS 

ESBL 

No 

No 

Weak 

Anesthesia machine 

(vaporizer) 

S. coagulase-

negative (S2) 

S. coagulase-

negative (S2) 

S. epidermidis 

(S2) 

MDR 

 

MDR/M

RS 

 

NDR 

No 

 

Modera

te 

 

No 

S. 

coagulase-

negative 

(S1) 

Bacillus sp. 

(S1) 

S. 

epidermidis 

(S2) 

NDR 

 

NDR 

MDR 

Weak 

Weak 

No 

Office 02 

reception 

desk 

E. coli 

Bacillus sp. 

ESBL 

NDR 

Weak 

Weak 
Operating table 

S. 

pseudintermed

ius 

 

NDR 

NDR 

 

No 

Weak 

Bacillus sp. 

(S1) 

Bacillus 

sp.(S2) 

NDR 

NDR 

No 

No 
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Acinetobacter 

sp. (S2) 

Office 02 

table for 

animal 

screening 

Enterobacter 

sp. 

S. 

epidermidis 

NDR 

MDR/M

RS 

No 

Weak 
Thermal mat 

No bacterial 

growth 
- - 

Enterococcus 

sp.(S1) 

Bacillus sp. 

(S2) 

NDR 

NDR 

Weak 

No 

Marble 

counter 

in the 

admissio

n room 

Enterobacte

r sp. 

S. 

pseudinterm

edius 

MDR/ES

BL 

 

MDR/M

RSP 

Weak 

Weak 

Table  

of surgical instruments 

S. epidermidis 

(S1) 

S. 

pseudinterm

edius (S2) 

MDR 

 

MDR/M

RSP 

No 

 

Weak 

S. 

pseudinterm

edius (S2) 

Bacillus 

sp.(S2) 

MDR/M

RSP 

 

MDR 

Weak 

Weak 

Animal 

care table 

in the 

admissio

n room 

E. coli 

S. aureus 

NDR 

MDR/M

RSP 

No 

Weak 
Marble countertop 

S. epidermidis 

(S1) 

K. 

pneumoniae 

(S1) 

coagulase-

negative S. 

(S2) 

K. 

pneumoniae 

(S2) 

MDR/M

RS 

NDR 

MDR/M

RS 

 

MDR/ES

BL 

Weak 

Weak 

No 

No 

Bacillus 

sp.(S1) 

S. 

epidermidis 

(S1) 

Bacillus 

sp.(S2) 

NDR 

MDR/M

RS 

NDR 

Weak 

Weak 

Weak 

Microwa

ve in the 

admissio

n room 

S. aureus 

Enterobacter 

sp 

NDR 

MDR 

Weak 

Weak 
Surgical light 

coagulase-

negative S. 

(S2) 

NDR Weak 

Bacillus sp. 

(S1) 

S. 

epidermidis 

(S1) 

S. 

coagulase-

negative 

(S2)  

NDR 

NDR 

MDR/M

RS 

Weak 

No 

No 

Animal 

pen in 

the 

admissio

n room 

S.  

pseudinterm

edius 

Enterobacter 

sp. 

MDR/M

RSP 

 

NDR 

Weak 

Weak 
PPE cabinet surface 

coagulase-

negative S. 

(S2) 

S. coagulase-

negative (S2) 

MDR 

 

MDR/M

RS 

No 

No 

No 

bacterial 

growth 

  

Infectiou

s 

Diseases 

Animals 

pen 

Bacillus sp. 

Bacillus sp. 

NDR 

NDR 

Weak 

No 
*Sink tap and basin 

No growth 

bacterial 
- - 

No 

bacterial 

growth 

- - 

Equipme

nt named 

preopera

tive 

room 

trachea 

Bacillus sp. 

Bacillus sp. 

NDR 

NDR 

Weak 

Weak 
*Microwave  

E. coli 

E. coli 

Enterococcus 

sp. 

NDR 

NDR 

NDR 

No 

Weak 

No 

coagulase-

negative S.  

Bacillus sp. 

MDR/M

RS 

NDR 

Weak 

Weak 

MDR—Multidrug-resistant; NDR—Does not present multidrug resistance; MRSA—methicillin-resistant 

Staphylococcus aureus; MRSP—methicillin-resistant Staphylococcus pseudintermedius; MRS—methicillin-

resistant Staphylococcus sp., ESBL—extended spectrum β-lactamase. S1—room 1 of the surgical suite, S2—room 

2 of the surgical suite. * common areas for both rooms of the operating room. PPE: Personal Protective 

Equipment. For the general areas, the place with the highest number of isolates was the reception desk with 

three isolates: S. pseudintermedius, S. epidermidis, and E. coli, while the place with the least isolates was the 

stethoscope in the triage office, with only one isolate, which was S. pseudintermedius. For the surgical suite, the 

place with the most isolates was the marble bench, which with the two collections added totaled seven isolates: 

two isolates of S. epidermidis, two isolates of K. pneumoniae, an isolate of coagulase-negative S. and two isolates 

of Bacillus sp., while the place that had the least isolates was the sink, which with the two collections added and 

this being a common place for the two surgical rooms of the suite, had no isolates. 

Regarding the antimicrobial susceptibility test (AST), it was possible to observe MDR, ESBL, 

MRSA/MRSP resistance patterns and methicillin-resistant Staphylococcus sp. (MRS). In this study, 

44% (29/66) bacteria were MDR, with 90% (26/29) being gram-positive and 10% (3/29) gram-negative, 
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and no bacteria were classified as XDR and PDR. For ESBL profile, 36% (5/14) samples presented this 

profile. The only species that did not show resistance to any antimicrobial was the isolate of 

Acinetobacter sp., which was tested for the antimicrobials: ticarcillin/clavulanic acid (85 µc), imipenem 

(10 µc), meropenem (10 µc), ciprofloxacin (0.5 µc), amikacin (30 µc), gentamicin (10 µc) and 

levofloxacin (0.5 µc). Figures 1 and 2 show the resistance profiles found for the species of the genus 

Staphylococcus and isolated Enterobacteriaceae. 

 

Figure 1. Resistance profiles for isolated species of the genus Staphylococcus. 

 

Figure 2. Resistance profiles for isolated species of the genus Enterobacteriaceae. 

For the Enterococcus sp., the two isolated samples presented NDR profiles. As for the species of 

Bacillus sp., two samples were MDR and sixteen were NDR.    

Biofilm production by the phenotypic test resulted in a total of 57% (38/66) of the isolates capable 

of forming biofilm. Approximately 79% (30/38) of these forming bacteria were gram-positive ones, 

with 12 isolates from Bacillus sp., 5 isolates of S. epidermidis, 5 isolates of coagulase-negative S., 5 

isolates of S. pseudintermedius, 2 isolates of S. aureus, and 1 isolate of Enterococcus sp. For gram-

negatives, 21% (8/38) were biofilm formers, with 3 isolates of Enterobacter sp., 3 isolates of E. coli, 1 

isolate of K. pneumoniae, and 1 isolate of Acinetobacter sp. Regarding the classification according to 
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degree of formation, 42% (28/66) of the samples were not biofilm formers, 92% (35/38) were weak 

formers, and 8% (3/38) were moderate producers, with no strong producer samples (0/38). 

Genetic analysis of the operon ica (ica A and ica D) was carried out for the species of 

Staphylococcus sp., with the results being compared with those obtained by phenotypic analysis, 

which are expressed in Table 2 below: 

Table 2. Comparison between the results of the phenotypic test with crystal violet and the genotypic test of the 

genes ica A and ica D for biofilm formation. 

Collection 1 Collection 2 Collection 3 

Bacterial species 
Biofilm 

phenotypic 

Biofilm 

genotypic 
Bacterial species 

Biofilm 

phenotypic 

Biofilm 

genotypic 
Bacterial species 

Biofilm 

phenotypic 

Biofilm 

genotypic 

S. 

pseudintermedius 

S. 

pseudintermedius 

S. 

pseudintermedius 

S. epidermidis 

S. epidermidis 

S. 

pseudintermedius 

S. aureus 

S. aureus 

S. 

pseudintermedius 

Weak 

No 

No 

No 

Weak 

Weak 

Weak 

Weak 

Weak 

No 

No 

No 

No 

No 

No 

No 

No 

No 

S. epidermidis 

S. epidermidis 

S. epidermidis 

Coagulase-

negative S. 

Coagulase-

negative S. 

S. epidermidis 

S. 

pseudintermedius 

S. epidermidis 

S. 

pseudintermedius 

S. epidermidis 

Coagulase-

negative S. 

Coagulase-

negative S. 

Coagulase-

negative S. 

Coagulase-

negative S. 

Weak 

No 

Weak 

No 

Moderate 

No 

No 

No 

Weak 

Weak 

No 

Weak 

No 

No 

Ica A and 

D 

No 

Ica D 

Ica D 

Ica D 

Ica D 

Ica D 

Ica A and 

D 

Ica A and 

D 

Ica D 

No 

Ica D 

No 

No 

Coagulase-

negative S. 

Coagulase-

negative S. 

S. epidermidis 

S. 

pseudintermedius 

S. epidermidis 

S. epidermidis 

Coagulase-

negative S. 

Coagulase-

negative S. 

Weak 

Weak 

No 

Weak 

Weak 

No 

No 

Weak 

No 

No 

No 

No 

No 

Ica A and 

D 

Ica A and 

D 

Ica A and 

D 

Phenotypically, 55% (17/31) bacteria were able to produce biofilm, while 45% (14/31) were not. 

Genotypically, 23% (7/31) were positive only for the gene ica D, 19% (6/31) were positive for the gene 

ica A and D, and 58% (18/31) did not present any of the genes researched. When comparing the 

results, a discrepancy between them could be observed, with the Kappa index being -0.0164, with 

weak agreement between the two parameters analyzed. 

4. Discussion 

Hospital surfaces, equipment and objects are important sources of microorganisms and have 

been currently and constantly studied [26–31]. In this study, 66 bacteria from different surfaces and 

objects were isolated from the veterinary hospital, 77% (51/66) being gram-positive bacteria and 23% 

(15/66) being gram-negative bacteria. Souza et al. [31] obtained 105 isolates from different surfaces 

and objects of a hospital for humans in Paraná, of which 84% (88/105) were gram-positive bacteria 

and 16% (17/105) gram-negative bacteria, data that corroborate this study. 

These comparative results, despite not being from veterinary hospitals due to the scarcity of 

studies in this area, promote the observation of a pattern regarding the species most frequently 

isolated in general and veterinary hospitals and thus, at the level of One Health. In addition, the 

pathogens accounting for human HAIs are the same as those responsible for veterinary HAIs [32], 

which justifies the comparison between these different facilities and the high antimicrobial resistance 

present today, since the medications used are also the same. 

Bacillus sp. (27%) (18/66) was the most frequently isolated bacteria. Similar results were found 

for Palace et al. [28], who obtained 52% (11/21) of Bacillus sp. in their hospital isolates; Renner and 

Carvalho [29], who found 15% (6/40) of Bacillus sp. on surfaces of an Intensive Care Unit (ICU); and 
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Rosa et al. [33], who identified 9.66% (38/392) of this species in aerosols from an ICU. These findings 

indicate that this species, despite not being considered a pathogen for HAIs, may be present on any 

hospital surface, and that the high rate of biofilm production identified in the present study becomes 

a problem, mainly due to the knowledge that biofilms are capable of harboring other microorganisms, 

being a potential reservoir for them [34]. 

S. epidermidis 17% (11/66) was isolated on various surfaces and objects analyzed in this study, 

while coagulase-negative S., 15%, (10/66) was identified only in the hospital’s surgical suite. 

Conversely, S. pseudintermedius 12% (8/66) was isolated from various surfaces and objects in the 

hospital, being mostly present in general areas, as well as S. aureus 3% (2/66). These species are 

frequently found on hospital equipment such as stethoscopes and bed side rails [35], on doorknobs, 

computer keyboards, countertops, tables, beds, monitors, IV dispensers, and ICU bed ventilators 

[29,36–38], and are increasingly present in cultures from animals admitted to veterinary hospitals 

[39]. They are considered opportunistic pathogens, accounting for infectious processes in animals, 

such as pyoderma, external otitis, uropathies, pneumonia, and bacteremia, in addition to causing 

around 74% of surgical site infections in veterinary hospitals, of which only 26% respond to 

preoperative medications, extremely worrying rates for animal health and public health [40]. 

Enterococcus sp. 3% (2/66) was isolated from two rooms of the surgical suite. In the study by 

Grosh et al. [41], this species has been isolated from cage doors, stethoscopes, and veterinary hospital 

thermometers. It was also found on hospital surfaces and floors [29,42]. Its natural presence in the 

gastrointestinal flora of cats and dogs suggests its spread to the hospital environment through the 

feces of these animals. Despite the low incidence reported, these species should be monitored, a fact 

that is already happening in some veterinary environments, mainly because they cause diseases that 

are difficult to treat [43]. 

For gram-negative species, Enterobacter sp. 9% (6/66) was isolated from the general areas of the 

hospital, while E. coli 8% (5/66) and K. pneumoniae 4% (3/66) were found in both areas. They are 

included in the family Enterobacteriaceae and participate in the human and animal intestinal 

microbiota, having been reported as having high antimicrobial resistance profiles, causing urinary 

and bloodstream infections in hospitalized patients [44]. Several studies report the prevalence of 

these species on floors, waste bins, and bed rails for human hospitals [45–47] and on surfaces and 

objects in veterinary hospitals with ESBL and MDR profiles [27,30]. Acinetobacter sp., 1.5% (1/66), was 

isolated in the hospital’s surgical suite, showing sensitivity to all antimicrobials. Souza et al. [48], 

evaluating the surfaces of stretchers in a hospital, found 4 strains of this species, 2 of which were 

100% sensitive to the antimicrobials tested, which corroborates this study. 

Data relating to sensitivity profiles are similar to the rates found in other studies, and the threat 

to global health is clear [27]. These facts are related to overdose used as prophylaxis of infections, 

promotion of animal growth, and promotion of reliability in export. Accordingly, there is a lack of 

regulation and inspection of sales, excessive and inappropriate use and improper dumping in 

industrial effluents, which are important sources of dissemination and selection of multiresistant 

microorganisms in the environment [49,50]. 

Biofilm production demonstrates that at least one microorganism of each isolated species was 

capable of producing it. These findings are also a great concern, since biofilms provide a favorable 

environment for the exchange of genetic material and thus make recommended treatments even more 

difficult, increasing animal death rates. Most studies that aim to evaluate biofilm production are 

related to clinical samples from patients, with few studies on hospital objects and surfaces. However, 

Silva et al. [51], in their study, identified 93% (13/13) of microorganisms in 13 stethoscopes of 

employees of a general hospital, of which 85% (11/13) showed moderate biofilm formation, 

demonstrating that strains from abiotic surfaces can be as harmful as those from clinical samples. 

Thus, it is concluded that biofilms are important mechanisms of virulence and resistance, being 

regulated by several different pathways, this being the hypothesis when the divergence in our 

comparative data of phenotypic formation and presence of genes ica A and D [12] were found. Studies 

indicate that the frequency of biofilm formation and consequent presence of operon genes ica vary 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 July 2025 doi:10.20944/preprints202507.1089.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1089.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 12 

 

according to the sample studied and also according to environmental criteria, such as the low 

expression of this operon in anaerobic and in vitro growth, a fact that was induced in this study 

[12,52]. Furthermore, the expression of regulatory inducer genes and proteins can suppress the 

expression of ica, and the biofilm can form through other mechanisms such as the operon agrABCD, 

RNAII and RNAIII, and the Bhp or Aap proteins, these being independent pathways of the 

Polysaccharide Intercellular Adhesive (PIA) [13,53]. 

5. Conclusions 

The present study identified a series of microorganisms that may be pathogenic, distributed 

throughout the various facilities of the veterinary hospital, and there is a great lack of studies of 

surfaces and objects related to veterinary environments in the literature. There was a predominance 

of gram-positive bacteria, which is explained by the fact that they are largely present in the microbiota 

of human and animal skin, with high rates of antimicrobial resistance and the ability to form biofilms. 

The results emphasize the concern regarding the dissemination of these microorganisms in hospital 

environments and regarding a possible zoonotic potential, stressing the need for correct prevention 

measures, hospital infection control programs in veterinary environments, and performance of new 

studies, to identify possible reservoirs, avoiding outbreaks and contributing to epidemiological data. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

MDR Multidrug-resistant 

MRSA Methicillin-resistant Staphylococcus aureus 

MRSP Methicillin-resistant Staphylococcus pseudintermedius 

MRS Methicillin-resistant Staphylococcus sp., 

ESBL Extended spectrum β-lactamase 

NDR Does not present multidrug resistance 

XDR Extensively drug-resistant 

PDR Pandrug-resistant 

HAIs Healthcare-Associated Infections 

EPS Extracellular polymeric substance 

PIA Polysaccharide intercellular adhesin 

ICA ica operon 

BHP Homologous biofilm-associated protein 

AAP Accumulation-associated protein 

BHI Brain Heart Infusion 

AST Antimicrobial susceptibility testing 

BrCAST Brazilian Committee on Antimicrobial Susceptibility Testing 

TSB Tryptic Soy Broth 

dNTP deoxyribonucleotide triphosphates 
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