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ABSTRACT 

Surgical site infections (SSIs) pose a threat to animal health and potentially compromise recovery after surgical 

procedures. Antimicrobial resistance (AMR) also exacerbates SSI. Therefore, preventive measures are needed to 

reduce the risk of SSI during surgery, as well as surveillance of bacteria and antibiotic susceptibility. The present 

study aimed to observe the risk factors and prevention of SSI in canine ovariohysterectomy (OH), bacterial 

sensitivity to antibiotics commonly used in veterinary practice, and assess the association of surgical room 

environment and bacterial contamination. Nine mongrel dogs underwent OH procedures, with surgical instruments 

(thumb forceps, scissors, and hemostatic forceps) subjected to three intraoperative disinfection methods (70% 

alcohol, 10% povidone-iodine, or no treatment). Each of the surgical instruments on each disinfection method was 

swabbed at three points in time (0, 30, and 60 minutes) intraoperatively. Environmental conditions (humidity and 

temperature) of the surgical room were monitored at each sampling interval. The bacterial identification was 

performed using conventional microbiological methods. The identified bacteria were tested for antimicrobial 

susceptibility to doxycycline, enrofloxacin, cefadroxil, and gentamicin using the Kirby-Bauer method. Results 

indicated that 70% alcohol reduced bacterial contamination in two-thirds (2/3) of replicates, compared to 10% 

povidone-iodine (0/3) and untreated control (0/3). The bacteria that were identified were Bacillus cereus, Bacillus 

megaterium, Staphylococcus aureus, and Klebsiella spp. Most of the bacteria identified were susceptible to all 

antibiotics tested, except Klebsiella spp., which displayed resistance to gentamicin and cefadroxil, while doxycycline 

and enrofloxacin remained susceptible. The bacterial contamination also might be supported by the humidity and 

temperature of the surgical room, which is above the standard requirement. The present study findings highlighted 

the importance of standardized intraoperative disinfection protocols, surveillance of antimicrobial susceptibility, and 

environmental control in veterinary surgical procedures.  
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INTRODUCTION  

 

Ovariohysterectomy (OH) or spaying is a routine surgery performed in small animal practices. In addition to 

controlling the population, ovariohysterectomy has been performed to reduce the probability of health disturbances 

related to reproductive problems and hormonal imbalance, such as dystocia, mammary tumors, and pyometra (Guest et 

al., 2023; Bertero et al., 2024). Ovariohysterectomy is considered a major surgery because it requires a celiotomy. 

Therefore, the OH procedure is prone to microbial contamination that can cause infection at the surgical site, especially 

in the cases of insufficient surgical preparation and poor aseptic techniques, which are known as surgical site infections 

(SSI; Rezaei et al., 2025). 

Surgical Site Infections are a significant concern in veterinary surgery. Surgical Site Infections can occur during 

clean surgical procedures in cats and dogs, which account for approximately 2.5% and 48% of the procedures, 

respectively. The reported SSI rates for OH and orchidectomy are 2.2% and 5.7%, respectively (Turk et al., 2015; Stetter 

et al., 2021). Surgical site infections increase morbidity and mortality in both veterinary and human surgical procedures. 

Moreover, SSI increases costs owing to prolonged medication (Stetter et al., 2021). Treatment of surgical site infection 

generally requires antibiotics (Aboderin et al., 2024). Thus, the types of bacteria and their sensitivity to certain 

antibiotics should be assessed.  

There are several risk factors for SSI in clean surgical procedures, such as the surgical environment, sterilization 

procedure, surgical instruments, drapes, surgical gowns, surgical gloves, and anesthesia duration (Beal et al., 2000; 

Owusu et al., 2022; Dyer et al., 2024). In addition to technical issues, factors that can lead to SSI in animals include the 

American Society of Anesthesiologists (ASA) status, age, and physical status (Turk et al., 2015; Stetter et al., 2021). 
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Surgical instruments are the main cause of SSI; therefore, sterilization before surgery and maintaining sterility 

during the surgical procedure are paramount to reducing the risk of SSI. While autoclaving is the standard preoperative 

sterilization method for surgical instruments, maintaining the sterility of surgical instruments poses a challenge. In 

Indonesia, some small animal clinics use intraoperative disinfection methods, whereby surgical instruments are soaked in 

antiseptic solutions, such as 70% alcohol or 10% povidone-iodine, to reduce bacterial contamination. The disinfection 

and sterilization of surgical instruments using isopropyl alcohol 70% has been reported in mice (Keen et al., 2010). 

Another study conducted by Razzaq et al. (2019) used several substances, including povidone-iodine, to sterilize surgical 

instruments in laboratory settings. However, the effectiveness of intraoperative disinfection methods, specifically during 

canine OH, remains poorly documented. 

Therefore, the present study aimed to evaluate the effectiveness of intraoperative disinfection methods using 70% 

alcohol and 10% povidone iodine in reducing bacterial contamination of surgical instruments (thumb forceps, scissors, 

and hemostatic forceps) during canine OH. In addition, the present study aimed to identify bacterial species 

contaminating surgical instruments at different time points (0, 30, and 60 min) during surgery, evaluate the bacterial 

susceptibility to commonly used veterinary antibiotics in Indonesian animal clinics (cefadroxil, doxycycline, 

enrofloxacin, and gentamicin), and assess the association between surgical room environmental conditions (humidity and 

temperature) and bacterial contamination. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The present study and sampling process were approved by the Ethics Committee of the Faculty of Veterinary 

Medicine, Universitas Brawijaya, Malang, East Java, Indonesia (certificate number: No. 10-KEP-FKHUB-2025). 

 

Study period and collection of samples 

The experiment was conducted between May and August 2025. Nine mongrel dogs were included in the present 

study and randomly divided into three treatment groups with three dogs in each group. The treatment groups included an 

alcohol-based disinfectant group (Alcohol), a povidone-iodine disinfectant group (Povidone), and a control group 

without disinfectant treatment (Without). For each dog, three types of surgical instruments were evaluated, including 

thumb forceps, scissors, and hemostatic forceps. Bacterial contamination was assessed at three time points during the 

surgical procedure, namely at 0 min, 30 min, and 60 min. The sample size was selectively determined with ethical 

responsibility following the replacement, reduction, and refinement principles to minimize animal use. Thus, the present 

study design generated 81 samples from nine dogs, three instruments, and three time points. Prior to surgery, each dog 

underwent health screening, including physical examination, anthelmintic treatment, and hematological examination by a 

licensed veterinarian. Hematological examination was performed using a Veterinary Hematology analyzer Rayto
® 

RT-

7600 (Rayto Life and Analytical Science Co., Ltd., China). The health screenings were performed to confirm the health 

of the dogs for anesthesia and surgery. The health status of the animals was evaluated based on the physical status 

classification of ASA, which provides a standardized method for assessing pre-anesthetic patient status and 

communicating perioperative risk. The classification of ASA included the following categories. The ASA I includes 

healthy and normal patients with no underlying disease. The ASA II describes patients with mild systemic disease with 

no functional limitations. The ASA III refers to patients with severe systemic disease with functional limitations. The 

ASA IV describes patients with severe systemic disease that is a constant threat to life. The ASA V refers to moribund 

patients not expected to survive 24 h with or without surgery (Portier and Ida, 2018). The surgical procedure was 

conducted in the Laboratory of Surgery and Radiology, Faculty of Veterinary Medicine, Universitas Brawijaya, Malang, 

East Java, Indonesia, while bacterial identification was conducted in the Laboratory of Microbiology and Immunology, 

Universitas Brawijaya, Malang, East Java, Indonesia.  

The surgical instruments that were used for surgery were autoclaved using GEA LS35-LJ (GEA
®
 Medical, 

Indonesia) for 30 minutes at 121
º
C according to the standard sterilization procedure. The nine dogs were allocated into 

three treatment groups (n = 3 per group), with each dog receiving only one intraoperative treatment protocol on the 

surgical instruments. In the alcohol group, all three surgical instruments (thumb forceps, scissors, and hemostatic 

forceps) were placed in a sterile Nierbekken bowl (250 ml) containing 150 ml of 70% ethyl alcohol (OneMed
®

, 

Indonesia) when not in active use during surgery. In the povidone-iodine group, instruments were placed in a sterile 250 

ml Nierbekken bowl containing 150 ml of 10% povidone-iodine (OneMed
®
, Indonesia). In the control group, the 

instruments received no intraoperative disinfection and were directly placed on the surgical drape when not in use. All 

instruments were soaked for a minimum of 15 seconds before reuse and dried using sterile gauze. The surgical 

instruments were swabbed using a Transport Swab Sterile (OneMed
®
, Indonesia) with 1.5 ml of NaCl 0.9% at 0 min 
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(just before the first incision), 30 min, and 60 min of canine OH surgery. Transport swabs containing samples were 

maintained at ambient room temperature (20-25
º
C) and transported within 2 hours from the Laboratory of Veterinary 

Surgery and Radiology to the Laboratory of Microbiology and Immunology in order to preserve bacterial viability, 

prevent overgrowth, and ensure the sample integrity during the transportation process according to the microbiological 

specimen handling protocol (Miller et al., 2018).  Other parameters collected during sample collection were the 

environmental conditions, which included the humidity and temperature of the surgical room and the health status of the 

animal. The humidity and temperature of the surgical room were measured using a Notale® Hygrometer Thermometer 

Humidity Meter NTL-HM370 (Notale®, Indonesia), with manufacturer-stated accuracy of ±1
º
C for temperature and 

±5% for relative humidity. The device was wall mounted at height approximately 1 meter from surgical table and 

positioned approximately 2 meters from surgical table. The humidity and temperature were recorded at each sampling 

time point. The health status of the animals was measured using hematological parameters and according to the health 

signs published by ASA. 

 

Bacterial identification  

Samples from transport swabs were transferred to 2 ml of Brain Heart Infusion Broth (BHIB; Merck Millipore, 

Germany) and incubated in an incubator (Memmert GmbH, Germany) at 37
º
C for 24h for the initial enrichment. After 

incubation, each sample was subjected to Gram staining to observe the bacterial morphology and Gram reaction. After 

the initial growth in the BHIB, a loopful of each BHIB sample was streaked on an object glass and subjected to Gram 

staining, as a preliminary Gram stain provided initial information about bacterial morphology and Gram reaction in the 

BHIB.  The samples from BHIB were then sub-cultured into Nutrient Agar (NA; Merck Millipore, Germany) plates by 

streaking and incubated at 37
º
C for 24h to obtain well-isolated bacterial colonies. Each colony type was selected and 

Gram-stained separately. The samples were examined under a light microscope at 1000x magnification with oil 

immersion to determine the bacterial morphology (cocci or bacilli) and Gram reaction. Gram-positive bacteria were 

indicated by purple staining, whereas Gram-negative bacteria were indicated by red/pink staining. Selective media 

inoculation was performed based on Gram staining results. For Gram-positive cocci, samples containing Gram-positive 

cocci were inoculated into Mannitol Salt Agar (MSA; Merck Millipore, Germany) and incubated in an incubator 37
º
C for 

24h. Catalase and coagulase tests were used to confirm the presence of Staphylococcus aureus. Samples with gram-

positive bacilli were inoculated into Blood Agar (BA; Oxoid
®
, UK) and incubated at 37

º
C for 24h to assess the colony 

morphology and hemolytic patterns on BA. Endospore staining was also performed. Further differentiation between 

Bacillus species was achieved through inoculation into MSA and the Voges-Proskauer test. Samples containing Gram-

negative bacteria, inoculation was performed on the MacConkey Agar (MCA; Merck Millipore, Germany) and Triple 

Sugar Iron Agar (TSIA; Merck Millipore, Germany), followed by incubation at 37
º
C for 24h, suspected. 

Enterobacteriaceae were further evaluated using Indole, Methyl Red, Voges-Proskauer, and Citrate tests (IMViC). The 

urease test was conducted to confirm the presence of Klebsiella spp. Following incubation on the primary isolation 

media, single well-isolated colonies were sub-cultured on a plate prior to antimicrobial susceptibility testing. Parallel 

inoculation was performed on MCA and MSA if the Gram-positive and Gram-negative bacteria were observed in the 

same sample. Bacterial identification was performed according to the standard protocols described by Cappuccino and 

Sherman (2019). 

    

Antimicrobial susceptibility 

Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk diffusion method on purified 

bacterial isolates on representative bacterial isolates selected from positive samples collected at the 60-minute time point 

for each instrument across all treatment groups. The antibiotics selected for testing in the present study were commonly 

used in small animal veterinary practice, namely, cefadroxil, doxycycline, enrofloxacin, and gentamicin. Identified 

bacterial colonies were inoculated into Mueller-Hinton Broth (MHB) and incubated at 37
º
C for 24h. The resulting 

bacterial suspension was adjusted to match the 0.5 MacFarland turbidity standard (1.5 × 10
8
 CFU/mL). The standardized 

inoculum was then uniformly streaked across the entire surface of Mueller-Hinton Agar (MHA) plates. Antibiotic discs 

(Oxoid
®
, UK) containing cefadroxil (30 µg), doxycycline (30 µg), enrofloxacin (5µg), and gentamicin (10 µg) were 

aseptically placed into the inoculated agar using sterile forceps. The plates were then incubated at 37
º
C for 24h. The 

diameter of the zone of inhibition surrounding each antibiotic disk was measured in millimeters using a calibrated ruler. 

The measurements were interpreted according to the zone diameter.  Isolates were classified as susceptible, intermediate, 

or resistant based on the zone diameter interpretive criteria established by the Clinical and Laboratory Standards Institute 

(CLSI, 2020). For enrofloxacin (5 µg), the isolates were classified as susceptible (≥ 23 mm), intermediate (17-22 mm), 

or resistant (≤ 16 mm). For cefadroxil (30 µg), the breakpoints were defined as susceptible (≥ 18 mm), intermediate (15-

17 mm), or resistant (≤ 14 mm). Doxycycline (30 µg) interpretive criteria were susceptible (≥ 14 mm), intermediate (11-
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13 mm), or resistant (≤ 10 mm). Gentamicin (10 µg) breakpoints were susceptible (≥ 15 mm), intermediate (13-14 mm), 

or resistant (≤ 12 mm). 

 

Statistical analysis 

The data obtained were quantitatively analyzed using IBM
®
 SPSS Statistics 25. The effectiveness of the three 

surgical instruments soaked in 10% povidone iodine, 70% alcohol, and without treatment was analyzed using the chi-

square test. The environmental data (temperature and humidity) were summarized using descriptive analysis.  

 

RESULTS 

 

Animal status  

The OH procedure in the present study has not indicated any functional impairment in hematocrit (HCT) or total red 

blood cell (RBC) count parameters. Overall, the hematological findings confirm that the animals remained clinically 

stable throughout the study period, with no evidence of hematological disorders related to the intervention. The 

hematological data for each dog are indicated in Table 1. 

According to the hematological data, four dogs (Dog 1, 4, 5, and 8) indicated elevated total white blood cell (WBC) 

parameters (6-17 × 10
3
/µL), with values of 20.7 × 10

3
/µL, 18.2 × 10

3
/µL, 19.7 × 10

3
/µL, and 19.2 × 10

3
/µL, respectively. 

Dog 7 was only slightly within the normal limit (17.4 × 10
3
/µL). Dog 6 indicated a decrease in hemoglobin (HGB) and 

platelet (PLT) below the normal standard (11.9-18 g/dL) and (200-500 10
3
/µL), respectively. All of the dogs indicated 

no sign of anemia. Nonetheless, the hematological results of all dogs were classified as ASA I status, which is clinically 

healthy at the time of evaluation. 

 

Table 1. Haematological parameters of dogs in the present study from May to August 2025 

Dog 
WBC 

(103/µL) 

RBC 

(106/µL) 

HGB 

(g/dL) 

HCT 

(%) 

PLT 

(103/µL) 

ASA  

Status 

Dog 1 20.7 7.12 14.8 46.9 460 ASA I 

Dog 2 13.5 6.69 13.6 43.9 292 ASA I 

Dog 3 10.37 6.64 14.5 42.9 529 ASA I 

Dog 4 18.2 6.48 14.1 44 433 ASA I 

Dog 5 19.7 5.97 13.6 40 262 ASA I 

Dog 6 11.5 5.47 11.8 35 165 ASA I  

Dog 7 17.4 7.65 17.3 53.3 410 ASA I 

Dog 8 19.2 5.65 13.5 38.4 223 ASA I 

Dog 9 6.5 5.65 15.5 39.6 222 ASA I 

Standard value* 6-17 4.95-7.87 11.9-18.9 35-57 200-500  

Standard value is adopted from Brooks et al. (2020). WBC: White blood cell, RBC: Red blood cell, HGB: Haemoglobin, HCT: Haematocrit, PLT: 

Platelet, ASA: American Society of Anaesthesiologists  

 

Presence, identification, and antibiotic sensitivity of bacteria 

Bacterial identification revealed that disinfection with 70% alcohol resulted in substantially lower bacterial counts 

compared to 10% povidone iodine treatment and the untreated group across all three surgical instruments that were 

evaluated (thumb forceps, scissors, and hemostatic forceps). A detailed summary of the bacterial presence across surgical 

instruments for each treatment and observation time point is provided in Table 2. 

 
Table 2. Presence of bacteria on surgical instruments in the present study from May to August 2025 

Treatment Dog 
Thumb forceps Scissors Haemostatic forceps 

0 min 30 min 60 min 0 min 30 min 60 min 0 min 30 min 60 min 

Alcohol 1 Dog 1 - - + - - - - - - 

Alcohol 2 Dog 2 - - - - - - - - - 

Alcohol 3 Dog 6 + + + + + + + + + 

Povidone 1 Dog 8 + + + + + + + + + 

Povidone 2 Dog 4 + + + + + + + + + 

Povidone 3 Dog 7 + + + + + + + + + 

Without 1 Dog 3 + + + + + + + + + 

Without 2 Dog 5 + + + + + + + + + 

Without 3 Dog 9 + + + + + + + + + 

Numbers 1, 2, and 3 represent replicates within each treatment group. (-) Negative bacterial contamination, (+) Positive bacterial contamination.  
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The results, as indicated in Table 2, illustrate the variation in bacterial contamination among the treatment groups. In 

the 70% alcohol treatment group, two replicates (Alcohol 1 and Alcohol 2) indicated effective bacterial reduction, with 

bacterial contamination in alcohol 2 completely absent at three time points (0, 30, and 60 min). Alcohol 1 demonstrated 

negative bacterial contamination, except for a single positive result on the thumb forceps at 60 min. In the third replicate 

(Alcohol 3), however, bacterial contamination was observed on all instruments at three time points, similar to the 10% 

povidone-iodine and untreated groups. The present study revealed that 70% alcohol decreased bacterial contamination in 

most replicates, even though not all subjects in this treatment group experienced the same outcomes.  

Chi-square analysis indicated a correlation between the treatment and the presence of bacteria (p < 0.05). 

Staphylococcus aureus and Bacillus cereus were identified on the surgical instruments soaked in 70% alcohol. The 

bacteria found in 10% povidone-iodine were Bacillus cereus and Bacillus megaterium. The bacteria found in untreated 

instruments were Bacillus cereus, Bacillus megaterium, and Klebsiella spp. A total of 13 bacterial isolates were obtained 

from samples and submitted to antimicrobial testing. Each row in Table 3 indicates the susceptibility results of an 

individual isolate. Bacillus cereus (n = 89) was the most commonly isolated bacterium, followed by Bacillus megaterium 

(n = 32), Staphylococcus aureus (n = 1), and Klebsiella spp. (n = 1). The antimicrobial sensitivity of each bacterium 

detected in the surgical instruments is indicated in Table 3. 

The antimicrobial susceptibility results in Table 3 indicated that most bacterial isolates were susceptible to all the 

antibiotics tested. Staphylococcus aureus obtained from 70% alcohol-treated thumb forceps with inhibition zone 

diameters ranging from 23 mm for gentamicin, 32 mm for cefadroxil, 35 mm for enrofloxacin, and 37 mm for 

doxycycline. Bacillus cereus, which was mostly found in all types of instruments, indicated susceptibility to all 

antibiotics tested, ranging from 17 mm to 40 mm. Klebsiella spp., however, displayed resistance to gentamicin and 

cefadroxil (0 mm), while doxycycline (25 mm) and enrofloxacin (27 mm) remained susceptible. 

 

Table 3. Antibiotic susceptibility of bacteria found in each treatment group against gentamicin, cefadroxil, doxycycline, 

and enrofloxacin  

Treatment Dog Instrument 
Time 

point 
Bacteria 

Antibiotic susceptibility 

Gentamicin 

10 µg 

Cefadroxil 

30 µg 

Doxycycline 

30 µg 

Enrofloxacin 

5 µg 

Alcohol 

70% 
Dog 1 

Thumb 

forceps 
60 min 

Staphylococcus 

aureus 
23 mm (S) 32 mm (S) 37 mm (S) 35 mm (S) 

Alcohol 

70% 
Dog 6 

Thumb 

forceps 
60 min Bacillus cereus 23 mm (S) 23 mm (S) 30 mm (S) 33 mm (S) 

Alcohol 

70% 
Dog 6 Scissors 60 min Bacillus cereus 30 mm (S) 30 mm (S) 38 mm (S) 36 mm (S) 

Alcohol 

70% 
Dog 6 

Haemostatic 

forceps 
60 min Bacillus cereus 24 mm (S) 40 mm (S) 27 mm (S) 38 mm (S) 

Povidone 

iodine 10% 
Dog 8 

Thumb 

forceps 
60 min Bacillus cereus 18 mm (S) 21 mm (S) 17 mm (S) 25 mm (S) 

Povidone 

iodine 10% 
Dog 7 Scissors 60 min Bacillus cereus 21 mm (S) 35 mm (S) 28 mm (S) 31 mm (S) 

Povidone 

iodine 10% 
Dog 7 

Haemostatic 

forceps 
60 min Bacillus cereus 24 mm (S) 38 mm (S) 30 mm (S) 33 mm (S) 

Without 

treatment 
Dog 5 

Thumb 

forceps 
60 min Bacillus cereus 23 mm (S) 40 mm (S) 31 mm (S) 33 mm (S) 

Without 
treatment 

Dog 5 
Thumb 
forceps 

60 min 
Bacillus 
megaterium 

29 mm (S) 35 mm (S) 30 mm (S) 31 mm (S) 

Without 

treatment 
Dog 3 Scissors 60 min 

Bacillus 

megaterium 
23 mm (S) 37 mm (S) 23 mm (S) 33 mm (S) 

Without 
treatment 

Dog 3 Scissors 60 min Bacillus cereus 23 mm (S) 33 mm (S) 23 mm (S) 33 mm (S) 

Without 

treatment 
Dog 3 

Haemostatic 

forceps 
60 min Bacillus cereus 22 mm (S) 30 mm (S) 21 mm (S) 30 mm (S) 

Without 
treatment 

Dog 3 
Haemostatic 
forceps 

60 min Klebsiella spp. 0 mm (R) 0 mm (R) 25 mm (S) 27 mm (S) 

(S): Susceptible, (R): Resistant, (I): Intermediate.  

 

Surgical room humidity and temperature 

The room temperature and humidity that were assessed during each surgery were recorded to observe the 

relationship between bacterial contamination and humidity and temperature, as indicated in Table 4. The humidity of the 

surgery room was between 48 and 68% and fluctuated from 0 to 60 minutes of the sampling process. The temperature 

was between 22
°
C and 25

°
C; unlike humidity, the temperature was rather stable across all the treatment and sampling 

times. The identical environmental measurements observed between certain treatment groups were caused by some 

surgeries occurring simultaneously in the same surgical room. Therefore, the temperature and humidity data were not 

independent.  
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Table 4. Humidity and temperature in the surgery room during each surgery from May to August 2025 

Treatment 
Humidity (%) Temperature (˚C) 

0 30 60 0 30 60 

Alcohol 1 51 50 65 23 22.8 25.3 

Alcohol 2 51 50 65 23 22.8 25.3 

Alcohol 3 59 62 62 23 24 25 

Povidone 1 64 65 62 23 24 24 

Povidone 2 56 53 51 23 23 22 

Povidone 3 59 62 62 23 24 25 

Without 1 48 68 64 23 23 24 

Without 2 56 53 51 23 23 22 

Without 3 64 65 62 23 24 24 

 

DISCUSSION 

 

Surgical site infections can occur due to several factors, and surgical instruments can be attributed to factors that 

could lead to SSI. The health status of the animals in the present study was assessed using ASA. All dogs that underwent 

OH were categorized as ASA I, and the correlation between ASA status and contamination of bacteria could not be 

evaluated statistically due to the lack of variation between each dog. However, according to a study conducted by Cavalli 

et al. (2025), there was a correlation between the incidence of SSI in soft tissue surgery and each ASA status. A low risk 

of SSI was found in ASA I and II patients, and the higher the ASA, the more significant the risk of SSI (Sheretz et al., 

1992; Tresson et al., 2023).  

Preventing SSI and choosing the appropriate antibiotic for treatment after surgery are prominent strategies for 

combating Antimicrobial Resistance (AMR; Aboderin et al., 2024). The prevention of contamination of surgical 

instruments before and during surgery is also required to avoid the incidence of wound contamination. The present study 

found that 70% alcohol significantly reduces the presence of bacteria compared to 10% povidone-iodine and no 

treatment. Alcohol is a substance that denatures proteins, whereas iodine or iodophors are oxidized or substituted by free 

iodine. Alcohol demonstrates bactericidal activity against Gram-positive and Gram-negative bacteria through protein 

denaturation and disruption of the cell. Iodine-based compounds indicated variable efficacy depending on bacterial cell 

wall composition (Nye and Thieman Mankin, 2024).  However, according to Table 2, the effectiveness of 70% alcohol 

was not consistent, as indicated in Alcohol 3, which was similar to 10% povidone-iodine and the untreated control 

groups. The instability of the results might be caused by the presence of organic matter, which reduces the efficacy of 

alcohol (Rutala and Weber, 2016). Moreover, alcohol has a limited contact time because of rapid evaporation and no 

residual antimicrobial activity (Nye and Thieman Mankin, 2024). Therefore, the inconsistent bacterial reduction 

outcomes observed with Alcohol 3 treatment highlight that although 70% alcohol can be effective as an intraoperative 

disinfectant, the antimicrobial efficacy of alcohol-based disinfectant relies on contact time and the presence or absence of 

organic matter.  

Another aspect that should be addressed to combat AMR is bacterial identification and antimicrobial susceptibility 

testing, which are important for selecting appropriate antibiotic therapies. In this present study, Bacillus cereus was the 

predominant bacterium isolated from surgical instruments. The predominance of Bacillus cereus as the primary 

contaminant is also consistent with that of Owusu et al. (2022), who found that Bacillus cereus was the major 

contaminant of surgical instruments. Bacillus cereus is a spore-forming bacterium that is omnipresent in the 

environment. Due to its ability to survive standard disinfection procedures through spore formation, Bacillus cereus has 

been implicated in postoperative wounds (Esmkhani and Shams, 2022). The environmental origin of contamination is 

also supported by the presence of Bacillus megaterium, as the Bacillus genus consists of spore-forming dust-borne 

bacteria (Lang-Yona et al., 2025). Therefore, both Bacillus cereus and Bacillus megaterium might have been present in 

the operating room through personnel movement or air circulation. Staphylococcus aureus and Klebsiella spp. are 

pathogenic bacteria that are frequently associated with SSI in animal surgery, particularly in immunocompromised 

patients or those undergoing prolonged surgical procedures (Turk et al., 2014; Gulaydin et al., 2024). 

The antimicrobial susceptibility testing in the present study indicated that Bacillus cereus, Bacillus megaterium, and 

Staphylococcus aureus were susceptible to the four antibiotics tested (Table 3) with inhibition zones above the 

susceptibility breakpoints according to CLSI (2020). A previous study conducted by Gulaydin et al. (2024) also found 

that Staphylococcus aureus was sensitive to gentamicin, enrofloxacin, and doxycycline but resistant to beta-lactam 

antibiotics. Moreover, Bacillus cereus has also been reported to be susceptible to gentamicin and tetracycline but 

resistant to beta-lactam antibiotics (Mohammadi et al., 2023). Bacillus megaterium is susceptible to beta-lactam 

antibiotics, gentamicin, and tetracycline (Agersø et al., 2018). Klebsiella spp. isolated in the present study however, 
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indicated complete resistance towards gentamicin and cefadroxil by the absence of an inhibition zone around those 

antibiotics, while doxycycline and enrofloxacin remained susceptible (Table 3). Gulaydin et al. (2024) reported that 

Klebsiella pneumoniae, which is found in small animal surgery, was resistant to tetracycline, yet susceptible to 

gentamicin and enrofloxacin. The resistance pattern observed in the present study highlights the emerging threat of 

multidrug-resistant gram-negative bacteria in veterinary surgery. Therefore, it is important to conduct antimicrobial 

susceptibility testing to select the appropriate antibiotic to achieve successful treatment of illness.  

The operating room environment, particularly temperature and humidity, represents an important risk factor for SSI 

development (Hammond et al., 2023). To minimize this risk, the American Society of Heating, Refrigerating, and Air 

Conditioning Engineers (ASHRAE, 2020) recommends that surgical rooms be maintained at a temperature between 20
°
C 

and 24
°
C, with a relative humidity level between 20% and 60%. The bacterial contamination might be caused and 

supported by the humidity and temperature records of the surgical room, which are above the standard requirements.  

Furthermore, this study faced several limitations, including a relatively small sample size and variable disinfection 

and organic matter, which we did not observe. The antimicrobial susceptibility testing in this study did not incorporate 

standard bacterial control strains in this present study. Though some studies (Zúniga-Moya et al., 2016; Owusu et al., 

2022) did not comprise the American type culture collection reference strain. Additionally, environmental monitoring 

device to assess the temperature and humidity in the present study is limited to a single wall-mounted device. Multiple 

sensors need to be employed and placed at various locations to provide better information on spatial environmental 

variability. The environmental independence between treatment groups also represents a limitation of this present study. 

Some surgeries from different treatment groups were conducted simultaneously in the same surgical room, resulting in 

shared environmental conditions. Consequently, the observed differences in bacterial contamination cannot be attributed 

solely to the efficacy of the disinfectant solutions, as environmental confounders were not controlled between groups.  

 

CONCLUSION  

 

The present study revealed that surgical instruments soaked in 70% alcohol had lower bacterial contamination than 

those soaked in 10% povidone iodine or without treatment. Nevertheless, this result should be approached with caution 

because the treatment groups shared the same environmental conditions, as some surgeries were performed concurrently 

in the same operating room. Four bacterial species were identified in the present study, which are Bacillus cereus, 

Bacillus megaterium, Staphylococcus aureus, and Klebsiella spp., and the most frequent bacteria encountered were 

Bacillus cereus. Most bacteria were susceptible to the antibiotics tested, except for Klebsiella spp., which were resistant 

to gentamicin and cefadroxil. The mentioned findings regarding intraoperative disinfection efficacy, bacterial species 

distribution, and antimicrobial susceptibility suggest the significance of sterilization techniques and control of the 

surgical room environment for surgical procedures that appear to be low risk. The study findings on intraoperative 

disinfection methods, bacterial contamination, antimicrobial susceptibility patterns, and environmental factors underline 

the importance of disinfection practices and environmental conditions during surgical procedures, even in surgeries that 

are considered low risk, such as OH. Further studies are needed to observe effective intraoperative disinfection protocols 

while ensuring environmental independence between treatment groups and to continue the surveillance of antimicrobial 

susceptibility of bacteria in veterinary surgery. Such efforts will support surgical outcomes for patients in veterinary 

medicine.  

 

DECLARATIONS 

 

Acknowledgments  

The authors would like to thank the Laboratory of Surgery and Radiology and the Laboratory of Microbiology and 

Immunology of the Faculty of Veterinary Medicine, Universitas Brawijaya, East Java, Indonesia. 
 

Authors’ contributions 

Esti Dhamayanti and Siti Kurniawati conceptualized the study and designed the experiments. Esti Dhamayanti, 

Salsabila Marva Yanita Putri, and Vistarina Amadora Yuscrates conducted sampling and microbial analysis. Esti 

Dhamayanti and Siti Kurniawati conducted data analysis. All authors participated in writing the manuscript and checked 

the final edition of the manuscript. 
 

Funding 

The present study received funding from the Faculty of Veterinary Medicine, University Brawijaya, DPP/SPP 

research funding number 01526/UN10.F1401B/PT/2025. 
 



Dhamayanti et al., 2026 

 

104 

Competing interests 

The authors declare no conflict of interest. 

 

Ethical considerations  

All authors have checked the ethical issues aspects, including plagiarism, consent to publish, misconduct, data 

fabrication and/or falsification, double publication and/or submission, and redundancy. No AI tools were used for writing 

and preparing the present manuscript. 

 

Availability of data and materials  

The data supporting the findings of the present study are available upon reasonable request from the corresponding 

authors. 

 

REFERENCES 

 
Aboderin AO, Ampofo-Asiama S, Awopeju AT, Bahrami-Hessari M, Garchie EIA, Martin G, Olaitan O, Onohuean H, Sevdalis N, 

Kolias AG et al. (2024). Microbiology testing capacity and antimicrobial drug resistance in surgical-site infections: A post-hoc, 

prospective, secondary analysis of the FALCON randomised trial in seven low-income and middle-income countries. The Lancet 

Global Health, 12(11): 1816-1825. DOI: https://www.doi.org/10.1016/S2214-109X(24)00330-9  

Agersø Y, Stuer-Lauridsen B, Bjerre K, Jensen MG, Johansen E, Bennedsen M, Brockmann E, and Nielsen B (2018). Antimicrobial 

susceptibility testing and tentative epidemiological cutoff values for five bacillus species relevant for use as animal feed additives 

or for plant protection. Applied and Environmental Microbiology, 84(19): e01108-18. DOI: 

https://www.doi.org/10.1128/AEM.01108-18  

American society of heating, refrigerating, and air conditioning engineers (ASHRAE) (2020). Ventilation of health care facilities. 

ASHRAE., Atlanta, pp. 1-14. Available at: https://fgiguidelines.org/wp-content/uploads/2020/04/170_2017_n_20200303.pdf  

Beal MW, Brown CD, and Shofer FS (2000). The effects of perioperative hypothermia and the duration of anesthesia on postoperative 

wound infection rate in clean wounds: A retrospective study. Veterinary Surgery, 29(2): 123-127. DOI: 

https://www.doi.org/10.1111/j.1532-950x.2000.00123.x    

Bertero A, Corrò M, Spagnolo E, Nervo T, and Rota A (2024). Antimicrobials administration, treatment outcome and bacterial 

susceptibility in canine pyometra cases subjected to ovariohysterectomy. Veterinary Journal, 306: 06157. DOI: 

https://www.doi.org/10.1016/j.tvjl.2024.106157   

Brooks MB, Harr KE, Seelig DM, Wardrop KJ, and Weiss DJ (2020). Schalm’s veterinary hematology, 7th Edition. Wiley-Blackwell., 

New Jersey, pp. 969-982. Available at: https://www.wiley.com/en-us/Schalm's+Veterinary+Hematology%2C+7th+Edition-p-

9781119500520 

Cappuccino JG and Sherman N (2019). Microbiology: A laboratory manual, 12th Edition. Pearson Education, Inc., New York, pp. 

165-285. Available at: https://www.pearson.com/en-us/subject-catalog/p/microbiology-a-laboratory-

manual/P200000006788/9780137546527?srsltid=AfmBOoreEW0aeEA0H91DG5N6QN-

xEV4pA2w7KoITXp2SiXEuTYLnXGyq  

Cavalli S, Caterino C, Nocera FP, Valle GD, Schena R, Aragosa F, Pizzano F, Martino LD, and Fatone G (2025). Surgical antibiotic 

prophylaxis in small animal surgery: A retrospective outcome-based study from the veterinary teaching hospital of Naples. 

Animals, 15(11): 1600. DOI: https://www.doi.org/10.3390/ani15111600  

Clinical and laboratory standards institute (CLSI) (2020). Performance standards for antimicrobial disk and dilution susceptibility tests 

for bacteria isolated from animals, 5th Edition. Clinical and Laboratory Standards Institute, Pennsylvania. Available at:  

https://clsi.org/shop/standards/vet01s/ 

Dyer N, Wareham K, Doit H, Robinson N, Stavisky J, Dean R, and James H (2024). Drapes in routine aseptic procedures for 

environmental sustainability (project DRAPES): A protocol for a multi-centre randomised controlled trial comparing post-

operative wound complication rates following routine neutering of dogs and cats using reusable or disposable surgical drapes. 

BMC Veterinary Research, 20(1): 430. DOI: https://www.doi.org/10.1186/s12917-024-04276-5  

Esmkhani M and Shams S (2022). Cutaneous infection due to Bacillus cereus: A case report. BMC Infectious Diseases, 22(1): 393. 

DOI: https://www.doi.org/10.1186/s12879-022-07372-9  

Guest K, Ellerbrock R, Adams D, Reed R, and Grimes J (2023). Performing an ovariohysterectomy at the time of c-section does not 

pose an increase in risk of mortality, intra- or postoperative complications, or decreased mothering ability of the bitch. Journal of 

the American Veterinary Medical Association, 261(6): 837-843. DOI: https://www.doi.org/10.2460/javma.23.01.0012  

Gulaydin A, Gulaydin O, and Akgul MB (2024). Isolation of aerobic bacteria from surgical site infections following orthopaedic 

operations in cats and dogs. Veterinarni Medicina, 69(7): 243-253. DOI: https://www.doi.org/10.17221/26/2024-VETMED 

Hammond JB, Madura GM, Chang YH, Lim ES, Habermann E, Cima R, Colibaseanu D, Siebeneck ET, and Etzioni DA (2023). The 

influence of operating room temperature and humidity on surgical site infection: A multisite ACS-NSQIP analysis. American 

Journal of Surgery, 226(6): 840-844. DOI: https://www.doi.org/10.1016/j.amjsurg.2023.06.039   

Keen JN, Austin M, Huang L, Messing S, and Wyatt JD (2010). Efficacy of soaking in 70% isopropyl alcohol on aerobic bacterial 

decontamination of surgical instruments and gloves for serial mouse laparotomies. Journal of the American Association for 

Laboratory Animal Science, 49(6): 832-837. Available at: https://pmc.ncbi.nlm.nih.gov/articles/PMC29940051/ 

https://www.doi.org/10.1016/S2214-109X(24)00330-9
https://www.doi.org/10.1128/AEM.01108-18
https://fgiguidelines.org/wp-content/uploads/2020/04/170_2017_n_20200303.pdf
https://www.doi.org/10.1111/j.1532-950x.2000.00123.x
https://www.doi.org/10.1016/j.tvjl.2024.106157
https://www.wiley.com/en-us/Schalm's+Veterinary+Hematology%2C+7th+Edition-p-9781119500520
https://www.wiley.com/en-us/Schalm's+Veterinary+Hematology%2C+7th+Edition-p-9781119500520
https://www.pearson.com/en-us/subject-catalog/p/microbiology-a-laboratory-manual/P200000006788/9780137546527?srsltid=AfmBOoreEW0aeEA0H91DG5N6QN-xEV4pA2w7KoITXp2SiXEuTYLnXGyq
https://www.pearson.com/en-us/subject-catalog/p/microbiology-a-laboratory-manual/P200000006788/9780137546527?srsltid=AfmBOoreEW0aeEA0H91DG5N6QN-xEV4pA2w7KoITXp2SiXEuTYLnXGyq
https://www.pearson.com/en-us/subject-catalog/p/microbiology-a-laboratory-manual/P200000006788/9780137546527?srsltid=AfmBOoreEW0aeEA0H91DG5N6QN-xEV4pA2w7KoITXp2SiXEuTYLnXGyq
https://www.doi.org/10.3390/ani15111600
https://clsi.org/
https://clsi.org/
https://www.doi.org/10.1186/s12917-024-04276-5
https://www.doi.org/10.1186/s12879-022-07372-9
https://www.doi.org/10.2460/javma.23.01.0012
https://www.doi.org/10.1016/j.amjsurg.2023.06.039
https://pmc.ncbi.nlm.nih.gov/articles/PMC29940051/


World Vet. J., 16(1): 97-105, 2026 

 

105 

Lang-Yona N, Lahav E, Barazany HL, Salti T, Navi LRB, Murugan PA, and Kolodkin-Gal I (2025). Bacillus biofilm formation and 

niche adaptation shape long-distance transported dust microbial community. Communications Earth & Environment, 6(1): 551. 

DOI: https://www.doi.org/10.1038/s43247-025-02534-4  

Miller JM, Binnicker MJ, Campbell S, Carroll KC, Chapin KC, Gilligan PH, Gonzalez MD, Jerris RC, Kehl SC, Patel R et al. (2018). 

A guide to utilization of the microbiology laboratory for diagnosis of infectious diseases: 2018 update by the Infectious Diseases 

Society of America and the American Society for Microbiology. Clinical Infectious Diseases, 67(6): e1-e94. DOI: 

https://www.doi.org/10.1093/cid/ciy381  

Mohammadi B, Gorkina N, Pérez-Reyes ME, and Smith SA (2023). Profiling toxin genes and antibiotic resistance in Bacillus 

cereus isolated from pre-launch spacecraft. Frontiers in Microbiology, 14: 1231726. DOI: 

https://www.doi.org/10.3389/fmicb.2023.1231726  

Nye AK and Thieman Mankin KM (2024). Small animal patient preoperative preparation: A review of common antiseptics, 

comparison studies, and resistance. Frontiers in Veterinary Science, 11: 1374826. DOI: 

https://www.doi.org/10.3389/fvets.2024.1374826 

Owusu E, Asane FW, Bediako-Bowan AA, and Afutu E (2022). Bacterial contamination of surgical instruments used at the surgery 

department of a major teaching hospital in a resource-limited country: An observational study. Disease, 10(4): 81. DOI: 

https://www.doi.org/10.3390/diseases10040081 

Portier K and Ida KK (2018). The ASA physical status classification: What is the evidence for recommending its use in veterinary 

anesthesia? A systematic review. Frontiers in Veterinary Science, 5: 204. DOI: https://www.doi.org/10.3389/fvets.2018.00204.  

Razzaq TTA, Shnan AJD, and Ali ABM (2019). Sterilization of surgical tools: Removing bacterial endospores with a combination of 

povidone-iodine, chlorhexidine gluconate, ethanol, and methanol. Journal of Pure and Applied Microbiology, 13(4): 2499-2506. 

DOI: https://www.doi.org/10.22207/JPAM.13.4.65 

Rezaei AR, Zienkiewicz D, and Rezaei AR (2025). Surgical site infections: A comprehensive review. Journal of Trauma and Injury, 

38(2): 71-81. DOI: https://www.doi.org/10.20408/jti.2025.0019   

Rutala WA and Weber DJ (2016). Disinfection, sterilization, and antisepsis: An overview. American Journal of Infection Control, 

44(5): e1-e6. DOI: https://www.doi.org/10.1016/j.ajic.2015.10.038 

Sheretz RJ, Garibaldi RA, Marosok RD, Mayhall CG, Scheckler WE, Berg R, Gaynes RP, Jarvis WR, Martone WJ, and Lee JT 

(1992). Consensus paper on the surveillance of surgical wound infections. The society for hospital epidemiology of america; the 

association for practitioners in infection control; the centers for disease control; the surgical infection society. Infection Control 

and Hospital Epidemiology, 13(10): 599-605. DOI: https://www.doi.org/10.1016/S0196-6553(05)80200-7  

Stetter J, Boge GS, Grönlund U, and Bergström A (2021). Risk factors for surgical site infection associated with clean surgical 

procedures in dogs. Research in Veterinary Science, 136: 616-621. DOI: https://www.doi.org/10.1016/j.rvsc.2021.04.012  

Tresson P, Quiquandon S, Rivoire E, Boibieux A, Vanhems P, Bordet M, and Long A (2023). American society of anesthesiologists-

physical status classification as an independent risk factor of surgical site infection after infra-inguinal arterial bypass. Annals of 

Surgery, 277(5): e1157-e1163. DOI: https://www.doi.org/10.1097/SLA.0000000000005182  

Turk R, Singh A, and Weese J (2015). Prospective surgical site infection surveillance in dogs. Veterinary Surgery, 44(1): 2-8. DOI: 

https://www.doi.org/10.1111/j.1532-950x.2014.12267.x 

Zúniga-Moya JC, Bejarano-Cáceres S, Valenzuela-Cervantes H, Gough-Coto S, Castro-Mejía A, Chinchilla-López C, Díaz-Mendoza 

T, Hernández-Rivera S, and Martínez-López J (2016). Antibiotic sensitivity profile of bacteria in urinary tract infections. Acta 

Médica Costarricense, 58(4): 146-153. DOI: https://www.scielo.sa.cr/pdf/amc/v58n4/en_0001-6002-amc-58-04-146.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

 
Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 

the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 

article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

© The Author(s) 2026 

https://www.doi.org/10.1038/s43247-025-02534-4
https://www.doi.org/10.1093/cid/ciy381
https://www.doi.org/10.3389/fmicb.2023.1231726
https://www.doi.org/10.3389/fvets.2024.1374826
https://www.doi.org/10.3390/diseases10040081
https://www.doi.org/10.3389/fvets.2018.00204
https://www.doi.org/10.22207/JPAM.13.4.65
https://www.doi.org/10.20408/jti.2025.0019
https://www.doi.org/10.1016/j.ajic.2015.10.038
https://www.doi.org/10.1016/S0196-6553(05)80200-7
https://www.doi.org/10.1016/j.rvsc.2021.04.012
https://www.doi.org/10.1097/SLA.0000000000005182
https://www.doi.org/10.1111/j.1532-950x.2014.12267.x
https://www.scielo.sa.cr/pdf/amc/v58n4/en_0001-6002-amc-58-04-146.pdf
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

