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The genus staphylococcus includes opportunistic pathogens such as methicillin-resistant 

Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus 

pseudintermedius (MRSP), which are of public health importance. This study aimed to 

investigate the presence of MRSA and MRSP bacteria in dogs, cats, and their owners in 

University Veterinary Hospital, UPM and understand the possible zoonotic transmission 

of these pathogens. Samples were collected from 150 dogs, 100 cats and 100 pet owners 

that visited the University Veterinary Hospital, Faculty Veterinary Medicine, UPM, and 
dogs and cats from animal pounds. The obtained bacterial cultures were phenotypically 

and genotypically identified using selective agar, a series of biochemical tests and 

Polymerase Chain Reaction (PCR) for species and methicillin resistance confirmation.  

 

 

Staphylococcus pseudintermedius and Staphylococcus aureus were present in 17 

(4.85%), and seven (2%) samples, respectively. One of these isolates (2%) was identified 

as MRSA, one (1.3%) isolate from pet dogs, one (2%) from pet cats and one (1%) from 

pet owners were confirmed to be MRSP. Antimicrobial susceptibility tests were 

performed using the standard disk diffusion method. Two (50%) isolates (one MRSA 

and one MRSP) showed multidrug resistance, while the other two MRSP isolates showed 

resistance against one and two antimicrobial agents.  
 

 

Multilocus sequence typing was performed by amplifying seven housekeeping genes, 

Sanger’s sequencing and using PubMLST for sequence type assignment. ST789 was 

assigned for S. aureus (76_C_M). S.  pseudintermedius (65_C_F) isolated from a cat 

was assigned as ST 2296, which is related to clonal complex 45 and the other S. 

pseudintermedius (18_W_M) isolated from a pet owner (ST 2297) is a corresponding 

sequence type of 2296. A singleton was one of S. pseudintermedius (ST 2298) (88_D_F) 

isolates from a dog. 
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ii 

Staphylococcal protein A (spa) typing for both MRSA and MRSP isolates was 

performed and typed. Only one MRSA isolate was typable as spa type t091, and the rest 

of the isolates were not typable. Staphylococcal Cassette Chromosome mec (SCCmec 

typing) typing was performed using multiplex PCR. The sole MRSA identified as 

SCCmec type V and MRSP isolates were type II and VII.  
 

 

The risk factors associated with the spread of staphylococci were investigated using a 

questionnaire distributed to 125 pet owners. Having close contact with animals like 

allowing them to lick face and having other animals had a significant association with 

carriage of staphylococci in this study. However, due to a small number of isolates, other 

factors were not significantly associated with carriage of our target organisms; therefore, 

there is a need to further study the risk factors that are associated with carriage of 

staphylococci the future. In brief, both MRSA and MRSP that were detected in the 

current study were multidrug resistant and molecularly related to other Southeast Asian 

countries. The findings from this study have brought new insights into the current status 

of antimicrobial resistance and molecular characteristics of both S. aureus and S. 
pseudintermedius isolated from dogs and cats in Malaysia.  

 

 

Keywords:  Antimicrobial resistance; antimicrobial susceptibility testing; companion 

animals; public health  
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Genus staphylococcus merangkumi patogen oportunistik seperti Staphylococcus aureus 

rintang metisilin (MRSA) dan Staphylococcus pseudintermedius rintang metisilin 

(MRSP) merupakan mikroorganisma-mikroorganisma penting dalam kesihatan awam. 

Kajian ini bertujuan untuk mengkaji kewujudan bakteria MRSA dan MRSP pada anjing, 

kucing dan pemiliknya di Hospital Veterinar Universiti, UPM serta memahami 

kemungkinan penularan zoonotik patogen-patogen ini. Sampel telah dikumpulkan 
daripada 150 ekor anjing, 100 ekor kucing dan 100 orang pemilik haiwan yang telah 

datang ke Hospital Veterinar Universiti, Fakulti Perubatan Veterinar, UPM, serta anjing 

dan kucing dari pusat kurungan haiwan. Kultur bakteria yang diperoleh telah dikenal 

pasti secara fenotip dan genotip menggunakan agar  terpilih, beberapa siri ujian biokimia 

dan Tindak Balas Berantai Polimerase (PCR) bagi tujuan pengesahan spesies dan 

kerintangan terhadap methisilin. 

 

 

Staphylococcus pseudintermedius dan Staphylococcus aureus masing-masing terdapat 

dalam 17 (4.85%) dan tujuh (2%) sampel. Salah satu daripada pencilan tersebut (2%)  

dikenal pasti sebagai MRSA, satu (1.3%) pencilan daripada anjing peliharaan, satu (2%) 

daripada kucing peliharaan dan satu (1%) daripada pemilik haiwan peliharaan disahkan 
sebagai MRSP. Ujian kerentanan antimikrob telah dilaksanakan dengan menggunakan 

kaedah piawaian resapan cakera. Dua (50%) pencilan (satu MRSA dan satu MRSP) 

menunjukkan  ketahanan terhadap pelbagai agen antimikrob, manakala dua lagi pencilan 

MRSP menunjukkan  ketahanan terhadap satu dan dua agen antimikrob. 

 

 

Pentipan jujukan multilokus dilaksanakan dengan menguatkan tujuh gen penyelenggara, 

penjujukan Sanger dan PubMLST bagi tujuan penjujukan jenis umpukan. ST789 telah 

diumpukkan adalah berkaitan dengan S. aureus (76_C_M). S. pseudintermedius 

(65_C_F) yang telah dipencil daripada kucing telah diumpukkan sebagai ST 2296, di 
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mana ia dikaitkan dengan kompleks klon 45 dan S. pseudintermedius (18_W_M) yang 

dipencil daripada pemilik haiwan (ST 2297) adalah jujukan jenis 2296. Satu singleton 

diperoleh daripada satu S. pseudintermedius (ST 2298) (88_D_F) yang dipencil daripada 

anjing. 

 
 

Pentipan staphylococcus protein A (spa) untuk kedua-dua pencilan MRSA dan MRSP 

telah dilaksanakan. Hanya satu MRSA dikategorikan sebagai jenis spa t091 manakala 

selainnya tidak dapat dikategorikan. Staphylococcal Cassette Chromosome mec 

(penjenisan SCCmec) dijalankan dengan menggunakan multipleks PCR. MRSA tunggal 

yang dikenal pasti sebagai pencilan SCCmec jenis V dan MRSP ialah jenis II dan VII. 

 

 

Faktor-faktor risiko yang berkaitan dengan penularan staphylococci telah dikaji  dengan 

menggunakan soal selidik yang telah diedarkan kepada 125 orang pemilik haiwan 

peliharaan. Mempunyai hubungan rapat dengan haiwan seperti membenarkan mereka 

menjilat muka dan mempunyai haiwan lain merupakan perkaitan yang signifikan dengan 
pembawaan staphylococci dalam kajian ini. Walau bagaimanapun, disebabkan hanya 

terdapat pencilan yang kecil, faktor-faktor lain tidak dikaitkan secara signifikan dengan 

pembawaan organisma yang disasar, oleh itu, terdapat keperluan untuk mengkaji lebih 

lanjut faktor-faktor risiko yang mempunyai kaitan dengan pembawaan staphylococci 

pada masa hadapan. Secara ringkas, kedua-dua MRSA dan MRSP yang dikesan dalam 

kajian ini adalah rintang terhadap pelbagai agen antimikrob dan mempunyai kaitan 

molekular dengan negara-negara Asia Tenggara yang lain. Penemuan daripada kajian ini 

telah membawa kepada pandangan baharu mengenai status terkini rintangan antimikrob 

dan ciri-ciri molekular kedua-dua S. aureus dan S. pseudintermedius yang dipencil 

daripada anjing-anjing dan kucing-kucing di Malaysia.  

 
 

Kata kunci: Ketahanan antimikrob; ujian kerentanan antimikrob; haiwan pendamping; 

kesihatan awam 
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CHAPTER 1 

1 INTRODUCTION 

Staphylococcus aureus and Staphylococcus pseudintermedius are widespread skin and 

mucous membrane colonisers and may cause opportunistic infections in humans and 

animals, particularly mammals. S. aureus is the most prevalent coagulase-positive 
staphylococci (CoPS) found in humans, with about 25% of healthy people colonised on 

a long-term basis(Gómez-sanz et al., 2013). Nevertheless, S. pseudintermedius is the 

most common CoPS found in healthy dogs and cats, though S. aureus can also be found 

in these animals, especially those that live with their owners (20%). Furthermore, the 

existence of SP in humans who come in contact with these animals should not be 

overlooked, especially given the possibility of S. pseudintermedius misidentification 

with S. aureus or Staphylococcus. intermedius (SI). MRSA is detected in a small 

percentage of healthy canines (0–4%). In this context, it is thought that MRSA in 

household pet animals arose as a result of MRSA in humans based on typing data and 

clonal relatedness investigations. Observations on MRSA and methicillin-resistant S. 

pseudintermedius (MRSP) in dogs and cats suggest that these resistant bacteria are 

becoming pathogens in these animals. Alternatively, since MRSP's incidence in humans 
appears to be extremely low, a definite zoonotic origin is likely to occur (Gómez-sanz et 

al., 2013).  

Methicillin-resistant bacteria are classified according to their resistance to the antibiotic 

methicillin which is useful in infection control and surveillance. The existence of MRSA 

(Methicillin-resistant S. aureus) is a significant burden on the public health care system, 

and precise molecular typing is critical for infection management and MRSA 

surveillance. SCCmec (staphylococcal cassette chromosome mec) in MRSA is important 

because it contains the mecA or mecC gene and allows staphylococci to adapt to varied 

situations, such as hospitals, the community, and animals. The chromosomal 

background, identified by the multilocus sequence type (ST) or clonal complex (CC), 

and the kind of staphylococcal cassette chromosome mec (SCCmec) element are both 
included in the current standard MRSA nomenclature (indicated by Roman numerals I 

to XIII) (Kaya et al., 2018). 

Molecular typing techniques are essential tools for identifying and tracking the primary 

spreading clones and lineages of MRSA and MSSA (Methicillin-susceptible 

Staphylococcus aureus). Because S. aureus will continue to evolve, it is important to 

watch the changing epidemiology of S. aureus using PFGE, MLST, microarray, whole-

genome sequencing (WGS), SCCmec, and spa typing (staphylococcal protein a) 

approach in the future. Multilocus sequence typing (MLST), pulsed-field gel 

electrophoresis (PFGE), spa typing, and SCCmec typing are the most widely utilized 

techniques for typing S. aureus nowadays (Kumar et al., 2021).  
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As MRSA became more common among community members, it was perhaps 

unavoidable that domestic animals, particularly domestic pets, would be exposed to the 

bacteria. MRSA's appearance in pets has the potential to have serious consequences for 

both animal and human health. Most animals that contact MRSA are unaffected, as 

indicated by MRSA colonisation in clinically normal animals; however, opportunistic 
infections can arise. The most prevalent infections include wound infections, surgical 

site infections, pyoderma, otitis, and urinary tract infections, however opportunistic 

infections at numerous other body sites can also occur (Weese & Duijkeren, 2010). 

Staphylococcus pseudintermedius, like methicillin-resistant S. aureus, can develop 

resistance to a variety of antimicrobial treatments. MRSP resistance to erythromycin, 

clindamycin, trimethoprim-sulfamethoxazole, gentamicin, and levofloxacin was 

discovered in 17 of 57 (30%) dogs at a veterinary clinic in Japan in 2007, with the 

majority of the canines having received antimicrobial drugs during the previous six 

months (Sasaki et al., 2007). All of these findings highlight the necessity of managing 

the presence of SA and SP in the home, with a focus on the risk of human-to-animal 

bacterial transfer and vice versa (Gómez-sanz et al., 2013).  

There have been several reports on the prevalence of MRSA in dogs, cats, environment, 
horses, and stray cats in Malaysia, and their molecular typing has been investigated 

(Aklilu et al., 2012; Bitrus et al., 2017; Ghani et al., 2010; Kanagarajah et al., 2017).  

Staphylococcus. pseudintermedius and MRSP have also been addressed in pets, 

abandoned dogs, and cats (Mohamed et al., 2017, 2020). However, the studies on MRSA 

are limited to veterinary personnel and animals. To the best of our knowledge,  a few 

studies addressed pet owners as a potential carrier of MRSA (Chai et al., 2021, 2022), 

and there are no studies on pet owners carrying MRSP. In addition, there is no molecular 

information on the S. pseudintermedius that were isolated from those studies. Therefore, 

it is timely to update the information regarding these two prominent bacteria. Therefore, 

this study was designed to identify S. aureus and S. pseudintermedius from the pet and 

stray dog and cats and owners at the University Veterinary Hospital (UVH), UPM. 
Isolates were then characterised, and the risk factors associated with the spread of S. 

aureus and S. pseudintermedius were determined. The alternative hypotheses were as 

following: 

 

1. MRSA and MRSP are present in the apparently healthy dogs and cats that 

visited the University Veterinary Hospital, UPM 

2. More than half of the S. aureus and S. pseudintermedius isolates in the present 

study are multidrug resistant 

3. The methicillin-resistant S. aureus and S. pseudintermedius strains in dogs 

and cats that visited the UVH are molecularly related to isolates from other 

Southeast Asia countries. 

4. There is a significant association between the risk factors included in the 
questionnaire and the carriage of S. aureus and S. pseudintermedius in pet 

dogs, pet cats and their owners.  
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Finally, the specific objectives of this study were to: 

 

1. Isolate and identify MRSA and MRSP from pet dogs and cats and their 

owners in University Veterinary Hospital and from cats and dogs at animal 

pounds. 
 

2. Determine the antibiotic-resistant profiles of MRSA and MRSP.  
 

3. Characterise MRSA and MRSP using multilocus sequence typing, 

staphylococcal protein a typing, and SCCmec typing. 
 

4. Determine the risk factors associated with the spread of MRSA and MRSP. 
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