
INVESTIGATION OF THE PRESENCE OF BACTERIA
ON SWAB SAMPLES TAKEN FROM ASEPTIC
SURGICAL SITE IN DIFFERENT SURGERY

DURATION AT VETERINARY MEDICINE TEACHING
HOSPITAL UNIVERSITI MALAYSIA KELANTAN

NURUL NAIEMAH BINTI MIOR HAMDAN
(D19B0037)

DOCTOR OF VETERINARY MEDICINE

FY
P 

FP
V



Investigation of the Presence of Bacteria on Swab Samples Taken
from Aseptic Surgical Site in Different Surgery Duration at
Veterinary Medicine Teaching Hospital Universiti Malaysia

Kelantan

By

Nurul Naiemah Binti Mior Hamdan

A research project submitted to the Faculty of Veterinary Medicine
Universiti Malaysia Kelantan in partial fulfillment of the

requirements for the Degree of Doctor of Veterinary Medicine

Faculty of Veterinary Medicine
UNIVERSITI MALAYSIA KELANTAN

FY
P 

FP
V



ORIGINAL LITERARYWORK DECLARATION

I hereby certify that the work embodied in this thesis is the result of the original research
and has not been submitted for a higher degree to any other University or Institution.

● OPEN ACCESS I agree that my thesis is to be made immediately
available as hardcopy or online open access (full text).

● EMBARGOES I agree that my thesis is to be made available as
hardcopy or online (full text) for a period approved by
the Post Graduate Committee.
Dated from until .

● CONFIDENTAL (Contains confidential information under the Official
Secret Act 1972) *

● RESTRICTED (Contains restricted information as specified by the
organisation where research was done) *

I acknowledge that Universiti Malaysia Kelantan reserves the right as follows.

1. The thesis is the property of Universiti Malaysia Kelantan
2. The library of Universiti Malaysia Kelantan has the right to make copies for the

purpose of research only.
3. The library has the right to make copies of the thesis for academic exchange.

SIGNATURE OF CANDIDATE SIGNATURE OF SUPERVISOR

NRIC/PASSPORT NO. NAME OF SUPERVISOR

DATE: DATE:

Note: * If the thesis is CONFIDENTIAL OR RESTRICTED, please attach the letter from
the organization stating the period and reasons for confidentiality and restriction.

FY
P 

FP
V



CERTIFICATION

It is hereby certified that we have read this research paper entitled “Investigation of the

Presence of Bacteria on Swab Samples Taken from Aseptic Surgical Site in Different

Surgery Duration at Veterinary Medicine Teaching Hospital Universiti Malaysia Kelantan”

by Nurul Naiemah Binti Mior Hamdan (D19B0037) and in our opinion it is satisfactory in

terms of scope, quality and presentation as partial fulfillment of the requirement for the

course DVT 55204 Research Project.

PROFESSOR MADYA DR. RUMAIZI BIN SHAARI
DVM (UPM), MVM (UPM), Ph.D (Adelaide)

Deputy Dean
Veterinary Medicine Teaching Hospital

Faculty of Veterinary Medicine
Universiti Malaysia Kelantan

(Supervisor)

DR. NADIAH SYUHADA BINTI ROSLAN
DVM (UPM)

Veterinary Officer
Veterinary Medicine Teaching Hospital

Faculty of Veterinary Medicine
Universiti Malaysia Kelantan

(Co-supervisor)

FY
P 

FP
V



INVESTIGATION OF THE PRESENCE OF BACTERIA ON SWAB SAMPLES
TAKEN FROM ASEPTIC SURGICAL SITE IN DIFFERENT SURGERY
DURATION AT VETERINARY MEDICINE TEACHING HOSPITAL

UNIVERSITI MALAYSIA KELANTAN

ABSTRACT

Endogenous and exogenous sources can cause bacterial contamination during surgery. The
aim of this study was to investigate the presence of bacteria on skin swab samples taken
from surgical sites of cat species in different surgery duration associated with various risk
factors at Veterinary Medicine Teaching Hospital Universiti Malaysia Kelantan
(HPVUMK). A total of 105 skin swabs samples were collected from selected 32 felines
that are involved in reproductive, abdominal and orthopedic surgery at HPVUMK. The
sample was taken before skin preparation with antiseptic, after skin preparation, and every
30 minutes of surgery until the surgery finished. Bacteria culture and isolation was
performed and statistical analysis data was analysed using Pearson Chi Square test or
Fisher’s exact test by using SPSS 27 statistical software. From the bacteria culture, the
sample taken before skin preparation procedure showed nine cats (28%) without any
growth, while 23 cats (72%) with different numbers of colony growth where
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus spp., Corynebacterium
spp., and Bacillus spp. were isolated and overall, only one sample had bacteria growth
during the surgery which is at 1 hour 30 minutes of the surgery procedure. Statistical
analysis data revealed the presence of bacteria colonies on the skin of a cat before
undergoing skin preparation with antiseptic solution was significantly associated (P<0.05)
with the management of the cat whether they were kept indoor, outdoor or semi-roamer and
the result obtained from this study showed bacteria on the skin before skin preparation can
be successfully be eliminated after antiseptic was applied. Besides, there is also data
obtained from this study that revealed the presence of bacterial colonies during surgery was
significantly associated (P<0.05) with the type of surgical procedure and the total number
of people in the operation room at one time. Thus, the findings of this study prove that an
aseptic technique practiced at HPVUMK was effective in eliminating the bacteria colony
on the surgical site that has been prepared aseptically as the bacteria was not be able to be
isolated in almost all of the surgical site after scrubbing with antiseptic and as only one out
of 32 procedures got contaminated by the bacteria during the surgical procedure at
HPVUMK, we can conclude that even in a proper practice of aseptic technique throughout
the surgery procedure, however the chances for contamination to occur on the surgical site
that has been prepared aseptically is still present.

Keywords: Bacteria, feline, skin swab, aseptic, surgical site.
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KAJIAN KEHADIRAN BAKTERIA PADA SAMPEL SAPU YANG DIAMBIL
DARI KAWASAN ASEPTIK PEMBEDAHAN DALAM TEMPOH PEMBEDAHAN
BERBEZA DI HOSPITAL PENGAJAR PERUBATAN VETERINAR UNIVERSITI

MALAYSIA KELANTAN

ABSTRAK

Sumber endogen dan eksogen boleh menyebabkan pencemaran bakteria semasa
pembedahan. Matlamat kajian ini adalah untuk menyiasat kehadiran bakteria pada sampel
sapuan kulit yang diambil dari kawasan pembedahan daripada spesies kucing dalam tempoh
pembedahan berbeza yang dikaitkan dengan pelbagai faktor risiko di Hospital Pengajar
Perubatan Veterinar Universiti Malaysia Kelantan (HPVUMK). Sebanyak 105 sampel
sapuan kulit telah dikumpul daripada 32 ekor kucing terpilih yang terlibat dalam
pembedahan reproduktif, abdomen dan ortopedik di HPVUMK. Sampel diambil sebelum
penyediaan kulit dengan antiseptik, selepas penyediaan kulit, dan setiap 30 minit
pembedahan sehingga pembedahan selesai. Bakteria kultur dan pengasingan bakteria telah
dilakukan dan data analisis statistik dianalisis menggunakan ujian Pearson Chi Square atau
ujian tepat Fisher dengan menggunakan perisian statistik SPSS 27. Daripada keputusan
bakteria kultur, sampel yang diambil sebelum prosedur penyediaan kulit menunjukkan
sembilan ekor kucing (28%) tanpa sebarang pertumbuhan, manakala 23 ekor kucing (72%)
dengan jumlah dan jenis pertumbuhan koloni yang berbeza di mana Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus spp., Corynebacterium spp., dan Bacillus spp.
telah didapati pada kultur media dan secara keseluruhannya, hanya terdapat satu sampel
yang mempunyai pertumbuhan bakteria pada 1 jam 30 minit prosedur pembedahan.
Dapatan itu mendedahkan kehadiran Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus spp., Corynebacterium spp., dan Bacillus spp. yang diketahui sebagai flora
normal pada kulit kucing yang sihat dan didapati di persekitaran. Analisis data statistik
menunjukkan kehadiran koloni bakteria pada kulit kucing sebelum menjalani prosedur
penyediaan kulit dengan larutan antiseptik adalah signifikan (P<0.05) dikaitkan dengan
pengurusan kucing sama ada ia dijaga di dalam rumah, bebas di luar kawasan rumah atau
keduanya. Selain itu, terdapat juga data yang diperoleh dari kajian ini mendedahkan
kehadiran koloni bakteria semasa pembedahan adalah signifikan (P<0.05) dikaitkan dengan
beberapa faktor risiko termasuk jenis prosedur pembedahan dan jumlah bilangan orang di
dalam bilik bedah pada suatu masa. Justeru, dapatan dari kajian ini membuktikan teknik
aseptik yang diamalkan di HPVUMK adalah berkesan dalam menghapuskan koloni
bakteria pada kawasan pembedahan yang telah disediakan secara aseptik kerana bakteria
tidak dapat dijumpai di kebanyakan kawasan pembedahan yang telah dicuci dengan
antiseptik dan kerana hanya satu daripada 32 prosedur sahaja telah dicemari oleh bakteria
semasa prosedur pembedahan di HPVUMK, kita boleh membuat kesimpulan bahawa
walaupun pelaksanaan teknik aseptik yang betul dilakukan sepanjang prosedur
pembedahan, tetapi peluang untuk pencemaran berlaku di tapak pembedahan yang telah
disediakan secara aseptik masih ada.

Kata kunci: Bakteria, kucing, swab kulit, aseptik, kawasan pembedahan.
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CHAPTER 1

INTRODUCTION

Asepsis is a state in which there are no active pathogenic germs which can refer to all the

measures taken, such as the use of sterile gloves, sterile drapes, and sterile instruments, to

lower the possibility of bacterial, fungal, or viral contamination which also includes every

preventive measure, operational procedure, and behavioural pattern that can be used to keep

microbes out of the patient's body and the surgery site (Dockery, 2012). Preventing

contamination is the aim of asepsis to reduce the number of germs in the surgical

environment and avoid cross-contamination during surgery (DiGangi, 2019). Sustaining

asepsis is thought to be the gold standard for surgical sterilisation and directly affects the

course of treatment for patients (Association of Operating Room Nurses, 2006; Griffin et

al,. 2016). To achieve asepsis, aseptic techniques need to be maintained and when applied

properly, it can minimise the number of germs to a level that has minimal consequences

(Block, 2001).

Preoperative surgical preparation is a crucial procedure of surgical asepsis, ensuring

the surgical site is as free from contaminants as possible to minimise the risk of infections.

A previous study involving horses revealed that a basic non-mechanical preparation method

was just as effective in reducing skin bacterial counts as a mechanical method (Davids et

al., 2015). In line with these findings, the Veterinary Medicine Teaching Hospital Universiti

Malaysia Kelantan (HPVUMK) follows a standard operating procedure that employs a

mechanical technique for aseptic preparation. This protocol, based on the study by Fossum

et al., (1998), is likely designed to balance effectiveness with practicality and resource

considerations.
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The importance of maintaining aseptic technique throughout the entirety of a

surgical procedure due to the fact that aseptic technique is a fundamental practice in surgery

aimed at preventing infections by minimising the introduction of microorganisms into the

surgical site (Cherney, 2018). Loftus et al. (2011) point out that a substantial number of

infections arise from invasive clinical procedures contaminated with microorganisms when

there is a breakdown in aseptic technique. The maintenance of aseptic technique provides a

higher level of protection within the sterile field that is crucial for preventing postoperative

infections, as the sterile field serves as a barrier against the introduction of harmful

microorganisms and infections that occur after surgery can lead to prolonged recovery times,

increased healthcare costs, and, in severe cases, life-threatening complications (Zabaglo &

Sharman, 2023).

In the operating room, the most common cause of iatrogenic microbiological

contamination is breaks in sterile protocols (Gaines et al., 2017). There are few factors that

can contribute towards the introduction of organisms during surgery. According to

Mangram et al., (1999), the risk of surgical site infection that cause by the external risk

factors include the type and duration of the surgical procedure, surgeon's skill, the standard

quality of preoperative skin preparation, adequacy, correct and timing of antimicrobial

prophylaxis, insertion of any foreign material or implants like surgical screw and plate,

insufficient sterilisation of surgical instruments.

Hence, this study was carried out to investigate the presence of bacteria on an

aseptic surgical site in different surgery durations and to determine its predominant species.

Moreover, to evaluate the effectiveness of aseptic techniques practised in HPVUMK in

order to minimise postoperative infection. Furthermore, the data collected will serve as a

reference for further comprehensive studies in the future in comparison with different

environmental conditions especially in large animal surgery which required an on-field
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procedure to be done and as a guidance for post-surgery management in order to tackle the

critical aspect during post-operation.
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1.1 Research problem statement

Aseptic technique has been widely practised by the surgery team who was conducting the

surgical procedure in the operating room setup. There are several studies being reported on

post-operative surgical site infection especially in the human medical field (Owens &

Stoessel, 2008; Manian, 2014; Sattar et al, 2019). Therefore, it supported that even if the

surgical site has been prepared aseptically, there are still risk factors that may contribute

towards the presence of bacteria in the surgical site. This could be due to break in sterile

procedures which are the greatest source of iatrogenic microbiological contamination in the

operating room. Nevertheless, there was not enough information present and less study has

been conducted to look for the presence of bacteria on an aseptic surgical site itself in

different duration of surgical procedure specifically in animals, including veterinary

institutions and clinics or hospitals especially in Malaysia.

1.2 Research questions

1. What are the common skin microflora species that can be found on the feline skin?

2. Do types of surgery procedure influence the surgery duration thus increasing the

possibility for the presence of bacteria on an aseptic surgical site?

3. What are the risk factors contributing towards the presence of bacteria in the

surgical site that has been prepared aseptically in Veterinary Medicine Teaching

Hospital, Universiti Malaysia Kelantan?
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1.3 Research hypothesis

1. The common skin microflora that can be isolated on feline skin was aerobic bacteria

species such as Staphylococcus spp., Streptococcus spp., Corynebacterium spp., and

Bacillus spp.

2. Type of surgery procedure may influence the surgery duration thus increasing the

possibility for the presence of bacteria on an aseptic surgical site.

3. Risk factors that can be contributed towards contamination are type and duration of

the surgical procedure, surgeon’s skill in manipulating and managing the instrument,

the standard quality of preoperative skin preparation practised by the surgery team

and total number of people in the surgery room at one time.

1.4 Research objectives

1. To determine the species of normal microflora present on feline skin.

2. To detect types of bacteria that may present on an aseptic surgical site in different

types of surgery procedure and surgery duration.

3. To identify the risk factors contributing towards the presence of bacteria in the

surgical site that has been prepared aseptically in Veterinary Medicine Teaching

Hospital, Universiti Malaysia Kelantan.
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CHAPTER 2

LITERATURE REVIEW

2.1 History of Veterinary surgery and aseptic technique

The history of veterinary surgery and aseptic technique is diverse, with roots tracing back to

ancient times. Aristotle, who studied anatomical similarities and differences between

animals, was known as the early father of comparative medicine as his studies involved

detailed examinations of anatomical similarities and differences among various animals

(Tobias & Johnston, 2012). His contributions laid the basis for understanding surgical

interventions in veterinary medicine. During the development of modern surgery, English

surgeon Joseph Lister (1827–1912) demonstrated attempts to use antisepsis to manage

surgical infection. The results of French chemist Louis Pasteur (1822–1895), who

investigated fermentation and demonstrated that it was brought about by the growth of

living things, served as the foundation for Lister's investigation. Lister believed that surgical

patients' inability to heal their wounds was due to these invisible germs. He suggested that

suppuration may be avoided by cleaning a wound with an antibacterial solution and

covering it with a dressing soaked in the same germicidal liquid (Rutkow, 2010).

2.2 Importance of aseptic technique in veterinary surgery

The importance of aseptic technique is to ensure there is little chance of microbial

contamination during surgery (Cherney, 2018). Any wound open to the atmosphere will

become contaminated and with time those contaminant organisms may colonise the wound

and cause an infection (Bowler et al., 2001). Transient or contaminating bacteria do not

normally colonise skin as they are usually acquired by contact with animals or the
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environment. While resident or colonising bacteria live on a normal healthy skin and help

to protect the skin from invasion by pathogenic species. Although they are not particularly

pathogenic, they might spread infection after surgery or other invasive operations.

However, both have the potential to be the sources of microbial contamination at the

surgical site (Hopper & Moss, 2010).

2.3 Animal preparation and surgery area

In veterinary surgery, the surgical area and the animal preparation area should be close by

but separated. According to the National Institute of Health/ Office of Animal care and Use

(2016), different requirements will be applicable depending on the procedures and the

species used. For the rodents and nonmammals, they can be prepped in the same room as

the surgery, provided that the preparation area is located separately and at a suitable

distance from the surgical space in order to prevent hairs and dander contamination while

large animal preparation must be done outside of the operating room. Besides, all survival

procedures have to be performed in approved work rooms or in specially designed surgical

suites under aseptic conditions where confined sterile surgery area maintenance should

involve routine cleaning and disinfection of the entire area (Clevenger et al., 2018). While

surgery that is non-survival, minor, emergency, or involving rodents or nonmammals, the

procedure can be completed at the area that has been separated from other activities or can

just be carried out in a workspace (Bernal et al., 2009).
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2.4 Factors contributes towards failure of aseptic technique

Maintaining an aseptic technique is a critical standard in healthcare settings. However,

breaks in sterile procedures are identified as the primary source of iatrogenic

microbiological contamination in the operating room (Gaines et al., 2017). Identifying and

correcting sterile technique errors that arise before, during, and following a surgical

procedure is one of the primary responsibilities of the surgical team (Hopper & Moss,

2010). While for the external risk factors that have an important influence on the risk of

infections at the surgical site include the type and length of the surgical procedure being

performed, the surgeon's skill and experience, the standard of preoperative skin preparation,

the adequacy, appropriateness, and timing of antimicrobial agent prophylaxis, as well as the

insertion of internal fixation materials (Dharan & Pittet, 2022). Besides, other potential risk

factors may come from the airborne contamination which is influenced by a number of

sources including the number of people in the operating room and their activity level, the

air quality and the rate of air exchange and the cleaning procedure's quality of the room

environment (Roy, 2018).

2.5 Etiological agent of common microflora on a healthy skin

There are a variety of microorganisms colonising the body. These microbes may be

beneficial, boosting immunity and preventing the proliferation of harmful microorganisms

or they may be pathogenic, causing infection at the affected tissues (Grice et al., 2008). The

microbial populations present in and on the body vary with different anatomical locations

(Grice & Segre, 2011). Several studies have been conducted to describe the microbiota of

the human skin and other body parts (Grice & Segre, 2011; Hoffmann et al., 2015). In

normal healthy skin, although the skin microbiota of humans and dogs has been extensively

studied, little was known about the skin microbiome of felines. However, the most current
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study on the skin microbiota of cats has now focused on Staphylococcus due to its

involvement in skin diseases (Lu & McEwan, 2007). There was a study that used a

culture-based approach to characterise the skin microbiota of cats discovered that

Micrococcus, Acinetobacter, Streptococci, and Staphylococci predominated in the sites that

were sampled. Nevertheless, the bacteria could not be isolated from half of the samples,

which the authors attributed to cats' natural grooming habits (Krogh & Kristensen, 1976).

2.6 Post-operative management

Post-operative management is a critical phase of patient care that plays a pivotal role in

preventing complications and promoting a smooth recovery following surgery where the

nature and extent of post-surgery care are influenced by various factors, including the type

of surgery performed and the patient's medical history and its condition (Horn & Kramer,

2022). After the procedure, postoperative care continues in the recovery area, in the

hospital, and during the period after discharge with extra attention needed for several

surgical procedures (Mohabir & Coombs, 2022) Generally, depending on the degree of

tissue damage and suffering, patients should get pain medication for three to 14 days

following surgery with the same parameters that are tracked to evaluate if a patient needs

analgesia during the perioperative phase are tracked to evaluate how well a treatment is

working (Fossum et al., 1998). However, preventive antibiotics given within an hour

following surgical incision and continued usage during the early postoperative period have

shown to be among the most effective approaches to prevent infection (Van Kasteren et al.,

2005; Prokuski, 2008).
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CHAPTER 3

MATERIALS AND METHOD

3.1 Animal Ethic and Owner Consent

This study has been approved by the Animal Ethics Committee of Universiti Malaysia

Kelantan (UMK/FPV/ACUE/FYP/001/2023) before the commencement of the fieldworks

(Appendix A). In addition, the animals’ owners were given a consent form of Animal

Acceptance and Release before their animals can undergo surgery at Veterinary Medicine

Teaching Hospital Universiti Malaysia Kelantan (Appendix B). Therefore, all patients that

were selected in this study underwent the surgery procedure with the consent from the

owner.

3.2 Study Design

The study was conducted at Veterinary Medicine Teaching Hospital Universiti Malaysia

Kelantan (HPVUMK). The samples were collected from 32 selected cats that had a surgical

procedure between 1st September 2023 until 25th October 2023. In this study, the sample

interventions only involve cats that have an intact skin that requires at least 30 minutes of

surgery duration and underwent a certain surgery procedure that consist of reproductive,

abdominal or orthopedic procedure which include ovariohysterectomy, hindlimb

amputation, intramedullary pinning, coxofemoral disarticulation, and diaphragmatic hernia

repair without involvement of any open wound prior surgery. While cats with pre-existing

open wounds prior to surgery were explicitly excluded from the study. This criterion was

established to maintain a homogeneous sample and focus on surgeries without the

complicating factor of existing wounds.
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3.3 Surgical Preparation

The same aseptic preparation protocol was used for all patients. Induction and skin

preparation was done at the skin preparation room which was located next to the operating

room. After induction with gas isoflurane 5%, surgical sites were clipped and gauze soaked

with chlorhexidine gluconate 4% was used to scrubbed in a back-and-forth motion starting

from the centre where an incision line will be made followed by periphery area. Then, a

tissue paper was used to wipe the area and gauze soaked with alcohol 70% was swabbed in

the same manner before 10% povidone iodine detergent was applied. After that, the patient

was moved from the skin preparation room to the operating room, and the final skin

preparation was done at the surgical site by applying 10% povidone iodine solution just

before draping. Patients had surgery in one of two surgical suites where both suites were

equipped with a single surgery table and rebreathing anaesthetic machine. Interventions not

requiring entirely sterile conditions were occasionally performed in the induction room.

Intraoperative medication (Clavamox 17 mg/kg, Meloxicam 0.3 mg/kg and Vitamin B12

1ml) were administered at the skin preparation room. Preparation of the surgeon includes

scrubbing with sterile iodine detergent and wearing sterile gowns, latex surgical gloves,

masks, and caps. All surgery team personnel wore masks all the time.

3.4 Sampling Method

In this study, the sample was in the form of a swab that was taken on the skin at the area

where the incision was made. The skin swab sample was taken at different points of time,

which is before scrubbing right after clipping of hairs, after scrubbing with antiseptic

solution, the first 30 minutes of surgery procedure and the next 30 minutes until finish the

surgery using Levine sampling technique. To perform Levine technique, the sterile cotton

swab can be moistened by aseptically pouring a small amount (1-2 drops) of sterile water
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for injection only if the skin was too dry. Then, the swab needs to be placed over a 1 cm2

area of intact and viable tissue on the skin bed while rotated for 5 to 10 seconds over that

particular area and at the same time gently applying pressure downward with enough force

to express fluid from the wound surface (British Columbia Provincial Nursing Skin &

Wound Committee). After the specimen has been collected, it should be placed immediately

into a sterile test tube with Amies transport medium and can be stored either at 4°C or at

21°C for one to four days (Rosa-Fraile et al., 2005) before proceeding with bacteria culture.

In addition, another sample that was taken was the environmental sample from the

faculty laboratory, skin preparation room and operation room using plate exposure method.

The method was, a plate with nutrient agar needed to be left for a few hours in the

environment before it was incubated for 24 to 48 hours at 37°C. The principle of this

method was the physical settling of airborne contaminants from the surrounding

environment onto the surface of nutrient agar. The microorganisms in the air will fall onto

the agar surface as air passes over the plate. To promote microbial growth, the plate needs

to be incubated for 24 to 48 hours at a temperature that would allow the expected

microorganisms to develop, usually 37°C (Sharma, 2023). However, due to the hot weather

during that time, the agar plate can’t be left outside for too long because the agar becomes

dried quickly. Therefore, the alternative done to get the sample was I left a sterile petri dish

in each of the rooms for a day before performing the bacteria culture. To culture it, 3 ml of

sterile water for injection was put inside the petri dish that had been left for a day and then

the water was poured onto the nutrient agar before being incubated for one to two days at

37°C.
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3.5 Data Collection for Risk Factors

Recorded animal-related data were age, breed, sex, and management. Surgeons' data

recorded was their working experience and the total number or surgery involvement

throughout the study. Surgical procedure data recorded were type of surgical procedure,

surgical site where the samples were taken, duration of surgery interval between 1st skin

incision and final closure and the total number of people present in the surgical room at one

time. Finally, is the environment which includes the skin preparation room, operation room

and the faculty laboratory.

3.5.1 Animal

Cats (n: 32; 6 months - 4 years old; 29 Domestic shorthair: 3 Domestic longhair; 5 males:

27 females; 8 indoor cats: 18 outdoor cats: 6 semi-roamer cats). The diverse demographics

of the cat sample make it representative of the general feline population. This enhances the

external validity of the study, allowing for more generalizable findings that can be applied

to a broader range of cats.

3.5.1.1 Age

The sample included a diverse age range of cat patients from 6 months to 4 years old. This

age diversity is important as it allows for the examination of surgical outcomes across

various life stages. According to the Cat Care for Life chart, there are six feline life stages

which are kitten (birth - 6 months), junior (7 months - 2 years), adult (3 - 6 years), mature

(7-10 years) and senior (11 - 14 years) and super senior (>15 years) (Appendix C).

Therefore, in this study, only three life stages were participated which were 3 kittens, 22

juniors with 7 adult cats.
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3.5.1.2 Breed

Two breeds of cat were involved in this study which were local Domestic shorthair (DSH)

and Domestic longhair (DLH) cat. Out of the total of 32 cats, the majority were DSH (29

cats), and the remaining three were DLH. According to Merriam-Webster, domestic cats

can be a purebred, mixed breed, living with humans in the house, or living as a stray or

wild cat in a neighbourhood. The reason for selection of these two breeds was because they

were the one that came for surgery during the sample taking time frame.

3.5.1.3 Sex

The gender distribution in the sample showed 5 male cats and 27 female cats. This gender

disparity may be relevant for surgeries with gender-specific considerations. As most of the

cat patients that came to HPVUMK during these 2 months of sample taking time frame

underwent ovariohysterectomy procedure, therefore the sample in terms of gender

distribution will be more female compared to male.

3.5.1.4Management

The categorization of cats into indoor (8 cats), outdoor (18 cats), and semi-roamer (6 cats)

groups provides valuable information about their living environments. This classification

considers the potential impact on the possibilities for the presence of normal flora if they

were in contact with the bacteria that are present in the environment and the way of the

owner taking care of the hygiene especially the places where the pets were kept. The

justification is that cats classified as indoor dwellers are more likely to have limited

exposure to outdoor environments and cats that are outdoor residents have a greater

exposure to external environments. While semi-roamer cats fall between indoor and

outdoor categories where they all have a different potential in transferring microorganisms
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between the environment especially if they encounter with soil, plants, or other animals,

leading to a different microbial exposure compared to fully indoor cats with more confined

surroundings.

3.5.2 Surgeon

The sampling was done from 1st September 2023 until 25th October 2023. Therefore, there

are five surgeons involved and participating in the surgery. As surgeons encounter various

cases and challenges, they can adapt and refine their approaches, contributing to an

environment of ongoing learning and enhancement. Acknowledging the individual

contributions of each surgeon is crucial. Different experience levels and areas of expertise

may give comprehensive details to the study. However, in this study the only criteria that

was evaluated was based on their working experience involved with clinical practice

especially in surgery.

3.5.2.1Working experience

The varying levels of experience among the surgeons allows for an exploration of potential

correlations between their expertise and surgical outcomes. It is believed that surgeons with

more experience may have encountered a variety of situations and complications which

they faced before, that made them to be more precautious in everything they did throughout

the surgery procedure in comparison to a new graduate veterinarian that just started

working. In this study, there were different total number of surgeries involved by each of

the surgeons. Different years of working experiences by the surgery team and the total

number of surgeries they involved was tabulated in the result (Table 4.6).
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3.5.3 Surgery

In this study, cats that came to HPVUMK for certain surgery procedures will be chosen

according to our target criteria which include only cat patients that were having an intact

skin without involvement of any open wound prior surgery. Besides, all surgeries were

performed at the operating room of the Veterinary Medicine Teaching Hospital, Universiti

Malaysia Kelantan. The constant in the surgical setting is to ensure uniformity in the

environment for each procedure.

3.5.3.1 Type of procedure

The selection of the type of surgery procedure in this study was not set in the first place. As

long as the criteria of the sample unit is suitable for it to be selected, then it will be taken to

be part of the study. Throughout the sample taking time frame, there are five surgeries

included in this study such as ovariohysterectomy, limb amputation, coxofemoral

disarticulation, intramedullary pinning and diaphragmatic hernia repair. All the procedures

are classified based on the type of surgery which are categorized under abdominal surgery,

orthopaedic surgery and reproductive surgery.

3.5.3.2 Surgical site

In this study, samples were taken from different surgery procedures which include

ovariohysterectomy, hindlimb amputation, intramedullary pinning, coxofemoral

disarticulation, and diaphragmatic hernia repair. Therefore, the surgical site will be

different depending on the types of the procedure and the location where the incision line

was made. The illustration was shown in the appendix (Appendix D, Appendix E,

Appendix F, Appendix G).
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3.5.3.3 Duration of surgery procedure

In this study, the surgery duration was categorised into two; surgery procedure that is less

than 30 minutes (<30m) and surgery procedure that is more than 30 minutes (>30m). The

minimum number of skin swab samples collected per cat was three samples which consist

of a swab from the skin before being prepared aseptically using antiseptic solution, a

sample after the surgical site was prepared aseptically and a sample of the first 30 minutes

of the surgery. While the maximum number of samples per cat that has been collected in

this study was five which involved surgery that took more than 1 hour upon skin incision

until skin closure. In overall, the total number of skin swab samples collected from 32 cats

with different duration of procedure was 105 skin swabs. For surgery finished within 30

minutes, the total number of swab samples taken was three. While surgery finishes after 1

hour or more, the total number of swab samples will be four or five respectively.

3.5.3.4 Total number of people in the surgery room at one time

As Veterinary Medicine Teaching hospital Universiti Malaysia Kelantan is an institution,

there will be involvement of students during the study. The first one month of the sample

collection period was during the semester break therefore, no students were involved during

the surgery. The lowest number of people in the surgery room at one time during sample

collection was three people which only involves the surgeon, anaesthetist and scrub nurse

while the highest was 6 people which included the surgeon, assistant surgeon, anaesthetist

and scrub nurses.
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3.5.4 Environment

There were three different environments involved in this study which include skin

preparation room, operating room and also bacteriology laboratory at the Faculty of

Veterinary Medicine Universiti Malaysia Kelantan. Environmental samples were taken

from all three areas to identify the possible microorganisms that are present in all those

areas which may interfere with the finding of this study. The reason samples were collected

was because those locations were the area where the swab samples were collected and

processed. Based on the environmental samples from all those three environments, types of

bacteria species that have been isolated on bacteria culture are Staphylococcus spp.,

Streptococcus spp., and Enterococcus spp.

3.6 Bacterial Isolation

Bacteria culture was done which enables the controlled growth of bacterial cells in

or on a culture medium in a lab setting. The common medium used at the Faculty of

Veterinary Medicine Laboratory was nutrient agar and MacConkey agar. The primary

culture was performed on nutrient agar and was incubated at 37°C for 24 hours. Then, the

secondary culture was done by streaking a single colony on the nutrient agar and

MacConkey before being incubated at 37°C for 24 hours.

Gram Staining

Gram staining was performed to identify the type of bacteria whether it is a

gram-positive or gram-negative bacteria. The process of gram staining procedure done was

first, a single bacteria colony was applied to a slide and then it was passed over a flame to

ensure it stays on the slide. Then, crystal violet dye was applied, which stains all the

bacteria to a purple colour. Next, iodine was then applied, which helps the dye bind to the
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peptidoglycan layer of the cell wall, and this is followed by acetone, which washes away

the dye. So, the purple dye will stay on gram positive bacteria because of the strong bond

between the bacteria and a thick peptidoglycan layer, but in gram-negative bacteria it will

be washed away, due to the thin peptidoglycan layer. Lastly, safranin dye was applied,

which will stain gram-negative bacteria into pink colour.

Biochemical, oxidase and catalase tests

Biochemical tests are used to identify distinct species of bacteria by separating

bacterial species according to their biochemical activities. There are 5 types of biochemistry

test done in this study which is triple sugar iron (TSI) test, citrate test, urease test, indole

and motility (SIM) test and methyl red-Voges-Proskauer (MR-VP) test.

For TSI, citrate and urease test, the steps involved were first, the bacteria sample

was taken using a straight inoculation needle by touching the top of a well-isolated colony.

After that, the colony was inoculated by first stabbing through the center of the medium to

the bottom of the tube and then streaking the surface of the agar slant. Then, the cap was

left loose and incubated the tube at 37°C for 24 to 48 hours before the reaction of the

medium can be examined. While for the SIM test, the isolated colony was stabbed once to a

depth of 1/3 to ½ inch in the middle of the tube by using a straight inoculation needle and

incubated the tube at 37°C for 24 to 48 hours before examining the tube.

For the MR-VP test, the MR-VP broth was inoculated with bacteria by aseptically

transferred with a loop. Then, the inoculated tube was incubated at 37°C for 24 hours. After

incubation, pipette was used to transfer half of the inoculated MR-VP broth to a clean test

tube and labeled as “VP” and the other half of the inoculated broth was left in the original

MR-VP broth test tube and labeled as “MR”. Next, for the methyl red test procedure, 4
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drops of methyl red reagent were added to the “MR” tube and observed for the color of the

medium immediately; positive reaction showed a distinct red colour while negative reaction

showed a yellow color change. In the methyl red test (MR test), the test bacteria is grown in

a broth medium containing glucose. When methyl red is introduced to a broth culture, its

yellow colour changes to red if the bacteria can use the glucose to produce a stable acid.

While for Voges-Proskauer test, the steps were four drops of Barritt’s A reagent

(alpha-napththol) and four drops of Barritt’s B reagent (40% KOH) were added to the "VP"

tube. Then, the test tube was held and mixed well. After that, the test tube was left

undisturbed in a test tube rack for 30 minutes before the result could be obtained; positive

reaction showed a pink-red color at the broth surface while negative reaction lacked a

pink-red color on the broth surface.

Besides, oxidase and catalase were also done as an indicator of aerobic metabolism.

For oxidase test, impregnated oxidase strip method was used where one drop of oxidase

reagent was pipetted on a filter paper and then, fresh growth of bacteria colony was scraped

using a stick and pressure was gently applied against the paper at the spot with oxidase

reagent. After that, color changes were observed within five to 10 seconds. A positive result

may appear deep purple blue color while a negative reaction appears no color change.

While for the catalase test, one drop of hydrogen peroxide solution was put onto a glass

slide. After that, a sterile wooden stick was used to take the bacteria colonies and immerse

in the hydrogen peroxide solution. Then, the presence of bubbles was observed

immediately. Bubbling indicates the sample was positive for catalase test.

Selective Media Bacterial Culture

The samples were also cultured on selective media such as mannitol salt agar (MSA) for

gram positive bacteria and xylose lysine deoxycholate agar (XLD) and eosin methylene blue (EMB)
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for gram negative bacteria.

MSA agar was performed to isolate and identify Staphylococcus aureus from clinical

and non-clinical material. It is a selective and differential medium specifically for isolation

of Staphylococcus species. While XLD and EMB agar was performed to isolate gram

negative bacteria such as Salmonella spp., Shigella spp., Escherichia coli, Proteus spp.,

Enteropbacter spp., and Pseudomonas spp. XLD medium was designed to boost the

frequency of development of the more fastidious pathogens and the pathogens are

distinguished from several non-pathogens that do not ferment lactose or sucrose, as well to

the non-pathogenic lactose fermenters. On the other hand, EMB medium consists of two

dyes which are methylene blue and eosin, that prevent the development of gram-positive

bacteria. The capacity of EMB agar to ferment lactose allows it to distinguish between

various gram-negative bacterial species.

Statistical Analysis

In this study, all data was analysed by using the Pearson Chi Square test (x2-test) or

Fisher’s exact test and the statistical comparisons were carried out using SPSS 27 statistical

software. The association between all the data collected which include animals, surgeon

and surgery related were tested with the possibility for the presence of bacteria growth

throughout the surgery. The test is used to determine if there’s a relationship between those

variables, especially the risk factors involved with the possibility of contamination

occurring during the surgery.
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CHAPTER 4

RESULTS

Data was systematically collected from 32 cats that underwent different surgery procedures

at HPVUMK. The result obtained were divided into few sections which include the types of

bacteria species that been isolated from the skin swab samples throughout the study, data of

the patients, data of the surgeons, the correlation between all the risk factors involved in this

study with the number of bacteria colony growth and also the prevalence and the

association of all the risk factors that can contribute to the presence of bacteria during the

surgery procedure.

4.1 Types of Bacteria Species

Analysis of skin swab samples collected from 32 cats species (Felis catus) by using

bacterial culture yielded a great number of positive results in this study. Skin swab samples

taken before scrubbing with antiseptic solution of 23 cats were having growth for the skin

sample taken before the scrubbing procedure. While the other 9 out of 32 cats do not have

any bacterial colony growth during the primary culture. The isolated bacteria obtained were

identified as Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus spp.,

Corynebacterium spp., and Bacillus spp. Staphylococcus aureus which was detected in

almost all samples taken before skin preparation was done and one sample during 1 hour 30

minutes of surgery procedure with some of the cats possessing 2 different species of

bacteria. The type of bacteria species from the highest to the lowest number of species

isolated was 18 of 28 colonies with Staphylococcus aureus (63.4%) followed by four of 28

colonies was Staphylococcus epidermidis (14.3%), three of 28 colonies was Bacillus spp.
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(10.7%), two of 28 colonies had Streptococcus spp. (7.1%), and only one with

Corynebacterium spp. (3.6%) (Figure 4.1).

Figure 4.1: Type of bacterial species isolated from the skin swab sample.

4.2 Data of the Cat Patient

A total of 105 skin swab samples were successfully collected from 32 cats in this study. The

highest number of cat life stages based on age involved were the junior cat with 22 cats,

followed by 11 adult cats and three kittens (Figure 4.2). While for the breed, 29 cats were

DSH and the other three were DLH (Figure 4.3) and based on the sex of the cat, most of

them were female and 5 out of 32 were male cats (Figure 4.4). In terms of management, the

highest number is the semi-roamer cat, followed by 8 indoor and 6 outdoor cats (Figure

4.5).
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Figure 4.2: Total number of cat patient according to their life stage

Figure 4.3: Total number of cat patient according to the breed

Figure 4.4: Total number of cat patient according to the sex
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Figure 4.5: Total number of cat patient according to the management

4.3 Data of the Surgeon

Surgeons involved in this study were all certified veterinarians that graduated in different

years from local universities. Their working experience with the total number of surgery

involvement was presented in the figure 4.6. As mentioned in the data collection, the

surgery procedures that take place in this study with the total number of procedures were

shown in figure 4.7. In addition, for the duration of the surgery procedure, most of the

procedures were finished within 30 minutes with the total of 26 out of 32 cats, followed by

four cats that the surgery finished within 1 hour and two cats at 1hour 30mins (Fig. 4.8).
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Figure 4.6: Surgery teams’ years of working experience with their total number of
surgeries involvement.

Figure 4.7: Total number of procedures based on types of surgery involved in this study.
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Figure 4.8: Total number of surgeries according to the duration of procedure.

4.4 Bacteria Isolated According to Different Sampling Duration

In this study, sampling of the skin swab was taken before skin preparation with an

antiseptic solution right after the surgical site was shaved, after skin preparation where

antiseptic was applied on the surgical site, and every 30 minutes of the surgical procedure

until the surgery finished. Figure 4.9 below showed a bar chart of the total number of

samples with bacteria isolated according to the surgery duration taken before skin

preparation until surgery finished.
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Figure 4.9: Total number of samples with bacteria isolated according to the surgery

duration.

Based on the result from Figure 4.9, bacteria colonies were isolated from 23 out of 32 cats

skin swab samples before skin preparation was done and all samples taken after skin

preparation with antiseptic solution and up till 1 hour of procedure were free from bacteria.

However, one of the samples taken at 1 hour 30 minutes of the surgery procedure got

contaminated where bacteria was managed to be isolated during bacteria culture.

4.5 Correlation Between the Risk Factors and the Bacteria Colony Growth

The risk factors such as type of surgery, number of animals involved in each of the

procedures, surgeon in charge the surgery procedure based on years of working experience,

surgery duration with number of samples involved were tabulated with the aim to evaluate

the correlation between those factors with the total number of bacteria colony growth

during the surgery. Based on table 4.1, only one sample had contamination during the

surgery procedure where we managed to isolate Staphylococcus aureus at 1 hour 30

minutes in one of the orthopaedic surgery procedures done by a surgeon with <10 years of
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working experience.

Table 4.1: Number of samples with bacteria colony during the surgery based on different
risk factors; type of surgery, no. of animals involved, surgeon in charge based on working
experience, surgery duration with number of samples involved.

Type of
surgery

No. of
animal

Surgeon in charge
(working

experience; years)

Surgery duration No. of
sample

Sample
with

bacteria
growth

Abdominal 3 <10
30 mins 2

0
1 hour 1

Orthopaedic 4 <10
1 hour 2 0

1 hour 30 mins 2 1

Reproductive 25
<10

30 mins
22

0
>10 3

The other factor that plays a role in the possibility for the bacteria growth during surgery

procedure is the total number of people in the operating room at one time. From table 4.2,

we can see different numbers of people in the operating room contribute to the

enhancement of the chances for contamination during the surgery procedure to occur even

though in this study only one procedure had a total of 6 people during the procedure. In

addition, based on the finding of the sample with bacteria growth during the surgery, for the

first 1 hour of the procedure, there was no bacteria colony isolated and it was free from

bacteria. However, the contamination happened at 1 hour 30 minutes after the procedure

where we managed to isolate Staphylococcus aureus from the swab sample taken at the

surgical site.
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Table 4.2: Number of samples with bacteria colony during the surgery based on the number
of people in the operating room at one time

No. of people in
the operating

room

No. of cat patient
underwent
surgery

Sample with bacteria growth during surgery

30 minutes 1 hour 1 hour 30
minutes

3 14 0 0 0

4 17 0 0 0

6 1 0 0 1

4.6 Prevalence and the Association of the Risk Factors

Statistical analyses of variables were conducted using descriptive statistics to determine the

association of risk factors related to the presence of bacteria in different durations of

surgery procedure. The data was analysed by using the Pearson Chi Square test (x2-test) or

Fisher’s exact test. Statistical comparisons were carried out using SPSS 27 statistical

software. The x2-test was considered as statistically significant when the probability (P)

was lower than 0.05 (p<0.05). The risk factors of cats associated with the presence of

bacteria before skin preparation with antiseptic solution were recorded including their age,

breed, sex, and management. The details of variables used for each factor are provided in

(Table 4.3). Based on the result, the management of the cat has a significant association

with the presence of bacteria colonies before the skin preparation was performed.
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Table 4.3: Prevalence of the presence of bacteria colony before skin preparation and
associated risk factors on cats (n=32) in HPVUMK

Total sample with bacteria colony Prevalence p-value
Variables

Present
%

Absent

Age 0.078

Kitten 1 2 33.3

Junior 15 7 68.2

Adult 7 0 100

Breed 0.184

DSH 22 7 75.9

DLH 1 2 33.3

Sex 1.000

Male 4 1 80

Female 19 8 70.4

Management <0.001

Indoor 1 7 12.5

Outdoor 17 1 94.4

Semi-roamer 5 1 83.3
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Based on the result, there was a significant association between the management of the cat

with the presence of bacteria colonies on the skin of the cat before being prepared

aseptically right after the fur was shaved (p = <0.001). While the other factors were not.

However, in this study, the prevalence for the presence of bacteria colonies was more than

90% in an adult cat (100% prevalence rate) and for outdoor cats with the prevalence of

94.4%.

The risk factors associated with the presence of bacteria during the surgery were

recorded which include type and duration of surgery procedure, surgeons working

experience, and total number of people in the surgery room at one time. The details of

variables used for each factor are provided in (Table 4.4).
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Table 4.4: Prevalence of the presence of bacteria colony during the surgery and associated
risk factors on cats (n=32) in HPVUMK

Variables
Total sample with bacteria

colony
Prevalence p-value

%

Present Absent

Type of surgery 0.027

Abdominal 0 3 0.0

Orthopaedic 1 3 25.0

Duration

Reproductive

<30 minutes

0

0

25

26

0.0

0.0

0.188

>30 minutes 1 5 16.7

Surgeon’s working experience 1.000

<10 years 1 28 3.4

>10 years

No. of people in room at one time

0 3 0.0

<0.001

3 people 0 14 0.0

4 people 0 17 0.0

6 people 1 0 100

The result showed there is a significant association between the type of surgery and number

of people in the room at one time with the presence of bacteria colonies on the skin of the

cat during the surgery (p = <0.05). While the duration and surgeon’s working experience

were not associated with the presence of bacteria during the surgery.
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CHAPTER 5

DISCUSSION

5.1 Isolated Bacterial Species

There are numerous bacteria that colonise the body which can be pathogenic, causing

illness in the tissues they contact, or they may be helpful, boosting immunity and

preventing the proliferation of harmful microorganisms (Grice et al., 2008; Grice & Segre,

2011). Different anatomical regions correspond to diverse communities of bacteria within

the body and they vary from individual to another as a result of external and internal

variables, such as surroundings and immunological condition, respectively (Grice & Segre,

2011; Zeeuwen et al., 2017). Based on the current finding, the bacteria species that were

isolated from the skin swab sample were identified as Staphylococcus spp., Streptococcus

spp., Corynebacterium spp., and Bacillus spp. with Staphylococcus aureus has a highest

number isolated from the sample and it was detected in almost all samples taken before skin

preparation which almost similar with the findings from the most earliest research used

culture-based methods done by Krogh & Kristensen (1976) where from their study the

samples were dominated by Micrococcus, Acinetobacter, Streptococci, and Staphylococci.

In addition, another study done in 2005 also found that one of the most isolated genera of

opportunistic microbes from both humans and animals is Staphylococcus because

mammals' skin, throat, and nasal mucous membranes are the primary physiological habitats

for staphylococci (Wertheim et al., 2005). Other than Staphylococcus spp., Bacillus spp.

and Corynebacterium spp. were also managed to be isolated from the sample. These

bacteria are common microflora that may be present in the environment with Bacillus

species are widely distributed in nature, existing in diverse terrestrial and aquatic habitats
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(Ravine, 2019). However, Corynebacterium spp. is particularly abundant found on human

skin. Therefore, it can be isolated from the skin of cats due to their closer interaction with

human microbiota (Ross et al., 2018).

Based on this study, we can see that aseptic technique practiced in HPVUMK was

successful in eliminating bacteria at the surgical site where from the result of bacteria

culture from the skin swab samples, all samples were free from bacteria after skin

preparation with antiseptic solution up to 1 hour of surgery procedure.

5.2 Association for the Presence of Bacteria Based on Cat’s Related Data

This study provides new points of view on the association for the presence of bacteria on

the skin of cats among different age groups. So, based on the finding, the age was not

significantly associated with the presence of bacteria colonies on the skin (p = 0.078). Due

to the limited number of studies reported previously on the bacterial prevalence in cats and

age association, it is difficult to compare the present findings with other reports (Moon et

al., 2022). Other factors which are the breed and sex of the cat also were not having

association with the bacteria presence. This is because studies assessing the cutaneous

microbiota of different animal species including cats are still in their early stages and more

research is needed to determine the effects of a few unknown elements on the microbiota on

animal skin (Older et al., 2019).

On the other hand, based on the finding, only management of the cats has a

significant association with the presence of bacteria on skin with a probability less than

0.05 (p < 0.001). There are multiple interrelated aspects that can be responsible for the

association between the management of cats and the development of bacteria on their skin.

First and foremost, because they are allowed to roam around in a variety of settings,

outdoor cats are continuously exposed to a wide range of diseases that can be found in soil
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and on different surfaces (Older et al., 2017). The complex network of relationships that

cats create in their surroundings increases the likelihood of bacterial transmission by touch

or contaminants in the environment (Tan et al., 2020). This is supported by the statistical

result from this study where outdoor and semi-roamer cats have a high prevalence rate for

the presence of bacteria colonies before skin preparation which is more than 80%

(prevalence of outdoor cat; 94.4% and prevalence of semi-roamer cat; 83.3%).

5.3 The Association Between the Risk Factors and the Possibility of Contamination

During the Surgery Procedure

Based on the statistical analysis findings from this study, two risk factors that significantly

influence the presence of bacteria colonies on the skin of cats during surgery are the type of

surgery and the number of people in the surgery room at one time with the probability value

of p = 0.02 and p<0.001 respectively. From the finding, the contamination occurs during the

orthopaedic surgery at 1 hour 30 minutes of procedure with only one out of four procedures

having bacteria isolation from the swab sample. However, the duration for all four

orthopaedic procedures were different; two procedures finished within 1 hour while the

other two were at 1 hour 30 minutes. Due to the fundamental differences in surgical

techniques, instrument manipulation between procedures by different surgeons with

different levels of working experience, the correlation between the type of surgery and the

presence of bacteria has been observed. As in this study, only one of the orthopaedic

surgeries got contaminated at 1 hour 30 minutes of the procedure, it is believed that even if

the same procedure was done by different surgeons with different levels of working

experience, it will influence the outcome of the study because even though the surgery can

take longer than expected time in certain situations, when it was performed by a skilled

surgeon, it can actually reduce the time allocated for that procedure. This could make sense
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because the surgeon is skilled enough to do the surgery quickly and at the same time, it may

reduce the chances for the surgical area to be exposed for too long. Thus, this helps in

minimising the chance of contamination. Notably, as only one got contamination out of 32

procedures with the combination of all the surgeons’ related risk factors, it suggests that

there is possibility for the contamination of the surgical site to occur especially if there is

breaking in any part of the sterility measure throughout the procedure.

While for the number of people in the operating room, it has a correlation with the

presence of bacteria during the procedure in the operating room as from this study finding,

one procedure with six people involved at one time had a contamination occur where

Staphylococcus aureus was isolated during the surgery at 1 hour 30 minutes of procedure.

The result from this study that was analysed using Fisher’s exact test also revealed a

significant association between the number of people in the operating room at one time with

the presence of bacteria growth from the skin swab sample taken at the surgical site that

was aseptically prepared (p<0.001). This was supported by other studies that have noted

that inexpensive and straightforward actions, such limiting the number of individuals in the

operating room and minimising their movements, can help to lessen the number of

microorganisms that are dispersed throughout the air (Fitzgerald, 1979; Brandt et al., 2008).

And the occurrence of surgical wound infections is significantly impacted by the quality of

the operating room which can be determined by the structural aspects of the facility and its

systems, as well as the management and action of people that influence movement of

airborne particles originating from operating room and act as primary sources of

contamination (Cristina et al., 2012).
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CHAPTER 6

CONCLUSION

In conclusion, all the bacteria species which are Staphylococcus aureus, Staphylococcus

epidermidis, Streptococcus spp., Corynebacterium spp., and Bacillus spp. that been isolated

from the cats’ skin swab samples before being prepared aseptically were a common

microflora that can be found in healthy skin of cat and in the environment. They may be

beneficial to the host. Through this current study, we know that an aseptic operating

procedure practiced in HPVUMK was successful in eliminating bacteria after skin

preparation was done using antiseptic solution. However, breaking in sterility during

surgical procedure may cause them to cause infection towards the surgical site if the

bacteria managed to enter through the skin barrier that has been incised.

In terms of types of surgery procedure and surgery duration towards the possibility

for the presence of bacteria on an aseptic surgical site, both have a correlation between each

other. This is because the surgeons who performed the procedure may influence the

duration of the procedure. Therefore, even if the same procedure was done, the duration for

the procedure to be finished will differ among each of the individuals who performed it.

Thus, this increases the possibilities for the isolation of bacteria on the surgical site if

contamination happened during the surgical procedure.

Generally, as only one out of 32 procedures got contaminated by the bacteria during

the surgical procedure at HPVUMK, we can conclude that even in a proper practice of

aseptic technique throughout the surgery procedure, the chances for contamination to occur

on the surgical site that has been prepared aseptically is still present, due to various factors

especially when involving surgery that can be considered as a major procedure and also

influenced by the number of people in the operating room at one time.

FY
P 

FP
V



6.1 Recommendation

As for future research, it is recommended that the number of animal sample sizes should be

increased. Having a larger sample size will increase the study's reliability, enabling more

trustworthy and broadly applicable findings. It also would give a greater degree of precision

of the outcome, lower the error margin, and strengthen appreciation for the study's

conclusions. However, due to time constraints, the number of patients selected in the study

was only 32. Increasing the sample size to more than 50 can further increase the validity of

the result. Therefore, it is also recommended that the study period should be increased to at

least 3 months in order to achieve the quantity of sample size. Besides, in order to have a

more thorough comprehension of the variables impacting sterility during surgery, the

study's criteria had to cover a variety of surgical procedures. This expansion would allow

researchers to investigate differences in contamination risk between various surgical

procedures done at HPVUMK.
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Appendix B

Consent Form of Animal Acceptance and Release

FY
P 

FP
V



Consent Form of Animal Acceptance and Release
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Consent Form of Animal Acceptance and Release
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Appendix C

Cat life stage chart by Cat Care for Life
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Appendix D

Appendix E

Appendix F

Incision line area for ovariohysterectomy

procedure in a cat. Incision (black line);

umbilicus (blue arrow); cranial brim of the

pubis (yellow arrow).

Incision line area for hindlimb amputation

procedure in a cat (depends on the area

intended to be removed).

Incision line area for coxofemoral

disarticulation procedure in a cat. Skin

incision was made around the rear limb at

the level of the middle third of the femur.
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Appendix G

Incision line area for diaphragmatic hernia

repair in a cat. Skin incision was made at the

ventral midline beginning near the xiphoid

process and extending caudally to the pubis

(depending on the condition of herniation). FY
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Appendix H Pictures of sample processing

Preparation of culture media Secondary culture of pure colonies from

one of the cat swab samples

Biochemical test, oxidase test and catalase

test using bacteria colonies from secondary

culture

Bacteria culture on selective media; Mannitol

salt agar, Eosin Methylene-Blue agar, and

Xylose Lysine Deoxycholate agar
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