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ABSTRAK 

Abstrak daripada kertas projek yang dikemukakan kepada Fakulti Perubatan Veterinar 

untuk memenuhi sebahagian daripada keperluan kursus VPD 4999 – Projek. 

 

SARINGAN MOLEKULAR MORBILLIVIRUS FELIN DI PUSAT 

PERLINDUNGAN KUCING 

Oleh, 

NURUL HUSNA BINTI OMAR 

Penyelia: Dr. Farina Mustaffa Kamal 

Penyelia bersama: Dr. Gayathri Thevi Selvarajah 

 

Morbillivirus felin (FmoPV) adalah sejenis virus negatif yang tergolong di dalam 

keluarga Paramyxoviridae. Sebelum ini, tiada virus daripada keluarga morbillivirus 

yang menyebabkan infeksi didalam kucing domestik. Walau bagaimanapun, terdapat 

satu kajian di Hong Kong, dimana mereka menjumpai satu virus baru yang 

kemudiannya dinamakan FmoPV. Ini diikuti oleh penemuan dan pengasingan FmoPV di 

Jepun dan juga Eropah. Baru-baru ini, satu kajian saringan FmoPV telah dijalankan di 

Malaysia dan didapati kadar prevalens FmoPV ialah 48.6%. Dalam projek ini, sampel 

air kencing telah diambil secara rawak daripada 46 ekor kucing daripada tiga buah pusat 
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perlindungan kucing yang terlibat. Pengesanan FmoPV didalam sampel yang telah 

dikumpul telah dibuat menggunakan ujian reaksi rantai polimerase (PCR) bersarang 

untuk membesarkan sebahagian daripada urutan L gen FmoPV untuk produk akhir yang 

bersaiz 401 bp. Daripada 46 sampel air kencing yang diambil, 19 daripadanya adalah 

positif untuk FmoPV. Kadar prevalens FmoPV untuk kucing didalam pusat 

perlindungan kucing adalah 41.3%.  

Kata kunci: Morbillivirus felin, kucing, ujian PCR bersarang, L gen, prevalens.  
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ABSTRACT 

An abstract of the project paper presented to the Faculty of Veterinary Medicine in 

partial requirement for the course VPD 4999 – Project. 

 

MOLECULAR SCREENING OF FELINE MORBILLIVIRUS IN SHELTER 

CATS 

 

By 

NURUL HUSNA BINTI OMAR 

2016 

Supervisor: Dr. Farina Mustaffa Kamal 

Co-supervisor: Dr. Gayathri Thevi Selvarajah 

 

Feline morbillivirus (FmoPV) is an enveloped virus with non-segmented 

negative strands RNA genomes belongs to the genus of Morbillivirus under the family 

of Paramyxoviridae. Previously, there were no known morbillivirus infecton in 

domestic cats. However, a study was done in Hong Kong, in which they discovered a 

novel virus that was later named as FmoPV. This was followed by discovery and 
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isolation of FmoPV in Japan and Europe. Recently, a screening study of FmoPV was 

conducted in Malaysia and the prevalence rate was found to be 48.6%. In the present 

study, urine samples were taken from 46 cats, randomly from three participating shelter 

organization. The collecting samples were then subjected to nested polymerase chain 

reaction (PCR) assay amplifying the L gene of FmoPV for final products of 401 bp. Out 

of 46 samples collected, 19 samples were tested positive for the virus FmoPV. The 

prevalence rate of FmoPV in shelter cats in Malaysia is 41.3%.  

Key words: Feline morbillivirus, shelter cats, nested PCR assay, L gene, prevalence rate 
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1.0 INTRODUCTION 

Morbillivirus belongs to the virus family of Paramyxoviridae. It is an enveloped 

virus with non-segmented negative strand RNA genomes. Other viruses in the genus 

Morbillivirus include measles virus, rinderpest, peste des petits ruminant virus, canine 

distemper virus, phocine distemper virus and cetacean morbilliviruses (Rory et al., 

2015).  

A novel virus under the genus of morbillivirus named feline morbillivirus (FmoPV) 

had been reported to cause infection in domestic cats. It was first isolated in a study 

done in Hong Kong stray cats (Woo et al., 2012). In addition, studies conducted in Japan 

and Europe (Italy and Germany) detected similar virus in their pet cats population with 

>90% sequence similarities with Hong Kong isolate (Furuya et al., 2014; Lorusso et al., 

2015; Sieg et al., 2015). To date, feline morbillivirus has been identified only in China, 

Japan and Europe. The newly discovered FMoPV genomes encode eight non-structural 

and structural proteins which are N, P/V/C, M, F, H and L proteins. In the study 

conducted by Woo et al. (2012), L protein of the virus was detected and sequenced by 

using RT-PCR. 

Recently, a study was conducted to detect the presence of FmoPV among client-

owned cats in Malaysia where the prevalence rate was found to be 48.6% (Manoraj et 

al., 2015). Due to the fact that pet and shelter cats are exposed to different environment, 

it would be interesting to investigate the prevalence of FmoPV in shelter settings.  
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Thus, the objectives of this study were: 

1. To detect the presence of feline morbillivirus among shelter cats in Malaysia. 

2. To determine the prevalence of feline morbillivirus in shelter cats in Malaysia. 

 

The hypothesis for this project includes: 

1. Feline morbillivirus is present in shelter cats.  

2. The prevalence of feline morbillivirus in Malaysia is higher than client-owned 

cats. 
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2.0 LITERATURE REVIEW 

2.1 Paramyxoviruses 

Paramyxovirus belongs to the order of Mononegavirales. It is an enveloped, 

negative-sense, unsegmented, single stranded RNA virus that cause significant disease 

to both human and animals (Tien Nguyen et al., 2013). The virus was divided into two 

subfamilies which are Paramyxovirinae and Pneumovirinae. Paramyxovirinae were then 

further divided into seven genera which are Avulavirus, Henipavirus, Morbillivirus, 

Respirovirus, Ferlavirus, Aquaparamyxovirus and Rubulavirus (Audsley & Moseley, 

2013). According to Hubert et al. (2014), similar to other viruses in the order of 

Mononegavirales, Paramyxoviruses have six structural and non-structural proteins 

which are nucleocapsid (N), large polymerase protein (L), phosphoprotein (P), matrix 

protein (M), haemaagglutinin (H) and fusion protein (F). Two surface proteins, F and H 

are important for attachment and fusion of the virus with host cell plasma membrane 

(Barret, 1999). 

2.2 Morbillivirus 

Morbillivirus is an enveloped, non-segmented negative strand RNA genomes 

virus that is highly infectious and causes high mortality rates in its natural hosts. It has 

the ability to cause outbreak in previously unexposed populations (Rory et al., 2015). 

The virus has been reported to cause a number of significant diseases in human, wildlife, 

aquatic mammals, and domestic animals. There are six viruses that are classified under 
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Morbillivirus genus, namely measles virus, phocine distemper virus, cetacean 

morbillivirus, rinderpest virus, peste des petits ruminants virus and canine distemper 

virus. Measles virus can affect both humans and also primates while phocine distemper 

virus and cetacean morbillivirus are known to affect marine mammals (Rory et al., 

2015). Rinderpest virus, peste des petits ruminants virus and canine distemper virus, 

infects susceptible wildlife in the ecosystem as well as the domestic animals. Rinderpest 

virus and peste des petits ruminants virus cause disease in cattle, small ruminants and 

even-toed ungulates. Canine distemper virus have been reported to cause disease in 

animals other than in the family of Canidae, which includes Mustelidae – family of 

carnivorous mammals including weasel, ferret and badger, and Procyonidae – raccoons 

and ringtails (Anderson, 1995).     

2.3 Diagnosis of Morbillivirus  

 Polymerase chain reaction (PCR) is one of the reliable diagnostic tools to detect 

morbillivirus (Saiki et al.,1988). According to Barret (1999), Morbillivirus is a single 

stranded RNA virus, hence, to enable the RNA virus to be run with PCR machines, it 

has to be first converted into DNA strand by using reverse transcriptase enzyme in 

reverse transcription-polymerase chain reaction (RT-PCR). Conventional serological 

techniques and virus isolation can also be used in detection of morbillivirus (Barret, 

1999).       
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2.4 Feline Morbillivirus 

 Feline morbillivirus (FmoPV) is a novel virus in the genus of Morbillivirus that 

has been reported to cause infection in domestic cat (Felis catus). Due to the fact that 

Paramyxoviruses infections in cats were previously unexplained and they were known 

to be reservoirs of many other virus infections, screening study to detect 

Paramyxoviruses in cats was conducted in Hong Kong by Woo et al. (2012). The first 

detection of FmoPV in urine samples, rectal swabs and blood samples was reported in 

stray cats in Hong Kong (Woo et al., 2012). The isolated feline morbillivirus was 

phylogenetically associated to other Morbillivirus (Woo et al., 2012). In addition, 

studies that were done in Japan and Europe detected similar virus to the previously 

reported FmoPV with more than 90% sequence similarities with Hong Kong isolates 

(Furuya et al., 2014; Lorusso et al., 2015; Sieg et al., 2015).  

 Feline morbillivirus with genome size of 16,050 bases is said to be the largest 

genomes among other viruses of Morbillivirus (Woo et al., 2012). Similar to other 

Morbillivirus, it is reported to have six encoding genes which are N, P, M, F, H, and L 

with N, P and F genes having the highest rates of nucleotide and amino acid 

polymorphism (Park et al., 2014 ; Woo et al., 2012).  

 According to the study done by Woo et al. (2012), FmoPV have been associated 

with tubulointerstitial nephritis (TIN) based on the histological examination of various 

organs in two FmoPV-positive cats. The result revealed inflammatory infiltrates as well 

as tubular necrosis of the kidney tissue consistent with signs of TIN, supported with a 
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control study in which 12 out of 15 FmoPV cats showed signs of TIN. However, in a 

study conducted by Sakaguchi et al. (2014), it was suggested that no clear relationship 

was found between FmoPV and TIN. A study conducted in Germany, on the other hand, 

found a strong association between positive-infected cats with chronic kidney disease in 

domestic cats (Sieg et al., 2015). 

2.5 Detection rate of FmoPV in other studies 

 Feline morbillivirus infection in Hong Kong revealed that FmoPV was detected 

in 56 cats out of 457 (12.3%) stray cats by RT-PCR amplifying a 155-bp fragment in L 

gene of FmoPV in urine, rectal swabs and blood samples (Woo et al., 2012).  

In Japan, the detection of FmoPV was done by using nested-set primers in urine, 

blood samples and formalin-fixed paraffin-embedded (FFPE) kidney tissue of cats that 

had nephritis. The detection rate was 6.1% (5 out of 82) in urine, 10% (1 out of 10) in 

blood samples and 40% (4 out of 10) in FFPE tissue (Furuya et al., 2014). 

2.6 Current finding of Feline morbillivirus in Malaysia. 

 In a recent study done in Malaysia, urine and blood samples were collected from 

35 client-owned cats. Feline morbillivirus screening was done by using two-steps 

conventional RT-PCR amplifying N-gene sequence of the virus. The detection rate is 

4% (1 out of 25) in blood samples and 63% (17 out of 27) in urine samples. The 

prevalence rate of FmoPV of client-owned cat in Malaysia is 48.6% (Manoraj et al., 
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2015). In addition, the study also revealed no association between renal system diseases 

with the detection of FmoPV consistent with the study done by Sakaguchi et al. (2014).  
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3.0 MATERIALS AND METHODS 

 

3.1 Animals 

 Forty six cats were randomly selected from three participating shelter 

associations, PAWS Animal Shelter Society (PAWS), The Ipoh Society for the 

Prevention of Cruelty to Animals (ISPCA) and Pusat Perlindungan Kucing Putrajaya 

(PPKP). Institutional Animal Care and Use Committee (IACUC) approval with AUP 

number (FYP.2015/FPV.027) was obtained before carrying out this project. Letter of 

authorization and client consent letters were issued for each association to obtain 

approval and permission to take sample from their place. 

3.2 Sample Collection 

 Three to five ml of urine sample was taken via voided urine, manual 

compression and cystocentesis. Cystocentesis was done by using 23G needles and 3 mL 

or 5 mL syringes. The samples that were taken via voided urine and manual 

compression was kept in urine collection container while samples taken via 

cystocentesis were kept in the respective syringes used to obtain the urine samples. Fifty 

grams of kidney samples were taken in available euthanized cases and kept in container 

filled with RNAlater® solution. All samples were kept on ice prior to processing steps.  
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3.3 Sample Processing 

 The urine samples were first filtered by using syringe driven filter 0.45µm size 

pore into a 15ml centrifuge tube. One ml of RNAlater® was mixed to 5 ml urine and 

vortex-mixed and aliquoted into 1.5 ml Eppendorf tube. The urine samples were then 

subjected for viral RNA extraction. 

Two ml of phosphate-buffer saline was added to each kidney sample obtained in 

euthanized cases. The lysate were then homogenized and underwent three times of 

freeze-thaw process at -20oC for 15 minutes. The mixture was then centrifuged by using 

benchtop micro centrifudge at 3000rpm for five minutes at 4oC. The supernatant 

obtained from centrifugation was then transferred to 1.5 mL Eppendorf tube and 

subjected to RNA extraction.     

3.4 Viral RNA Extraction 

The viral RNA extraction was carried out by using conventional method with 

TRIzol® Reagent together with other materials (chloroform, isopropyl alcohol, 100% 

ethanol, RNase-free water) as instructed by the manufacturer (Appendix 8.1). Briefly, 

700 µl of TRIzol® Reagent was added to the samples. The mixture need to be shaken 

gently and incubated in room temperature for 5 minutes. Then, 200 µl of chloroform 

was added into the mixture; vortex mixed and incubated on ice for 15 minutes. The 

mixture was then centrifuged at 14000rpm for 20 minutes at 4oC to get phase separation 

and 500 µl of the supernatant obtained from the centrifugation was transferred into 1.5 

ml Eppendorf tube. In order to precipitate the RNA, 800 µl of isopropyl alcohol was 
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added to the supernatant, gently shaken, incubated at room temperature for 30 minutes 

and centrifuge at 14000rpm for 15 minutes at 4oC. After centrifugation, the supernatant 

was discarded and 1 ml of 100% ethanol was added into the tube to wash the RNA pellet 

and centrifuge at 14000rpm for 10 minutes at 4oC. These steps were repeated two times 

and the RNA pellets were air-dried. The RNA pellets were then dissolved in 30 µl – 50 

µl of RNase-free water and stored at -20oC until subjected for nested reverse- 

transcriptase polymerase chain reaction (RT-PCR) assay. 

3.5 Nested Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) 

 Final product of RNA extraction was subjected to nested RT-PCR to detect the 

L-gene. In nested RT-PCR, two sets of primer were used to obtain the desired target 

DNA. The first pair of nested primer were done together with  Promega™ GoTaq™ 2-

Step RT-qPCR System kit (Promega™ A6010, USA)  as instructed by the manufacturer 

(Appendix 8.2) with primers Nest1F, 5’-GGA ACA TGG CCT CCT GTA GA-3’ and 

Nest1R, 5’-CTC CAT TGG CAA TCA GGT TT-3’ following thermal protocol: reverse 

transcription, 45 minutes at 45°C; initial PCR activation step, 1 minutes at 95°C; 3‑step 

cycling consisting of denaturation, 30 seconds at 94°C; annealing, 30 seconds at 54°C; 

extension, 2 minute at 72°C (for 34 cycles); final extension 72°C for 10 minutes 

producing a final product of 487-bp (Furuya et al., 2014). 

The second pair of the nested RT-PCR were done with MyTaq™ Red Mix 

(Bioline, United Kingdom) with primer Nest2F,  5’-CCA AAT CAT GCA TCT GCT 

GT -3’ and Nest2R, 5’- GCG AAC AAT CGA CCT ACC TC -3’ as instructed by the 
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manufacturer (Appendix 8.3) following thermal protocol: initial denaturation, 1 minutes 

at 95°C; 3‑step cycling consisting of denaturation, 15 seconds at 95°C; annealing, 30 

seconds at 54°C; extension, 30 seconds at 72°C (for 35 cycles) to produce a final 

product of 401-bp (Furuya et al., 2014). The PCR reactions were performed on a 

thermal cycler (C1000 Touch™ Thermal Cycler, California). 

3.6 Agarose Gel Electrophoresis 

 The final product of nested RT-PCR was used to run the Agarose Gel 

Electrophoresis with VP 100-bp Plus DNA ladder and marker. The gel was made using 

1.5% agarose powder mixed with Tris-acetate-EDTA (Bio-Rad PowerPac 300, USA). 

The voltage used to run the electrophoresis was 85V for 35 minutes. The DNA fragment 

were then visualized using Bio-Rad Gel Doc™ (USA). 

3.7 Data Analysis 

 The data obtained from PCR is recorded and molecular prevalence of FmoPV is 

calculated. The association between sex and FmoPV infection was analyzed using the 

Chi-square test, with 95% confidence interval (95% C.I). The statistical analysis was 

performed using GraphPad Prism® software version 5.0 (GraphPad Software Inc, 

USA).  
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4.0 RESULTS 

4.1 Number of Samples Taken From Each Association 

 The number of samples taken for each association was tabulated in Table 1. Out 

of the 46 samples taken, 16 samples were taken from PPKP, 12 samples were taken 

from ISPCA and 18 samples were taken from PAWS. In addition, four euthanized cases 

(kidney sample) were taken from PAWS.  

Table 1: Number of Samples Taken From Each Association 

Categories No. of cats sampled (n) Percentage of sample 

representative (%)/(number 

of samples/total number of 

cats in respective shelter) 

Live cats 

(n = 52 ) 

*Euthanized 

(n = 5) 

PPKP 16 - 8 (16/200) 

ISPCA 12 - 18 (12/64) 

PAWS  18 4 11 (22/200) 

*only kidney samples was obtained 

4.2 Sex 

The sex of the cats sampled in this study was tabulated in Table 2. From the 46 

samples taken, 14 cats were males while 32 cats were female. Out of 14 male cats, five 

cats were already castrated and nine cats were intact. In contrast to female cats, there 

were, 11 spayed cats while 21 cats were intact. 
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Table 2: Sex categories of the cats sampled 

Categories No of cat sampled 

Intact Neutered 

Male 9 5 

Female 21 11 

  

4.3 Detection rate of FmoPV for each shelter organization 

4.3.1 Detection rate of FmoPV in urine 

   The detection of FmoPV for each association were tabulated in Table 3 and 

illustrated in Figure 1. The detection rate for PPKP was 50%, ISPCA was 58.3% 

and PAWS was 22%. 

Table 3: Detection rate of FmoPV in urine for each shelter organization  

Categories No. of cats sampled (n) FmoPV 

positive 

FmoPV 

negative 

Detection 

rate (%) 

 PPKP 16 8 8 50 

ISPCA 12 7 5 58 

PAWS  18 4 14 22 
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Figure 1: The detection rate of FmoPV in urine for each shelter.  

4.3.2 Detection rate of FmoPV in kidney samples 

 No FmoPV was detected from the kidney samples collected. 
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4.4 Prevalence of FmoPV  

The prevalence rate of FmoPV in this study was 41.3% with 19 out of 46 

samples were detected positive for FmoPV (Fig. 2).  

 

Figure 2: The prevalence rate of FmoPV. 
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4.5 Association between sex and FmoPV infection 

 Chi-square analysis was performed and the data was tabulated in Table 4. There 

was no association (p = 0.10) between sex and FmoPV infection. 

Table 4: Data analysis of association between sex and FmoPV infection  

Data 

Anayzed 

FmoPV 

positive 

FmoPV 

negative 

Total P 

value 

Odds 

Ratio 

95% Confidence 

interval of the 

differences 

Lower Upper 

Male 3 11 14  

0.10 

  

0.3091 

 

0.07225 

 

1.322 
Female 15 17 32 

Total 18 28 46 
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5.0 DISCUSSIONS 

5.1 Detection rate of FmoPV in each organization 

 The detection rate of FmoPV was found to be 50% for PPKP, 58% for ISPCA 

and 22% for PAWS. The difference in detection rate between shelters may be due to the 

different management system between each organization.  

 In terms of management, the cats in PPKP and ISPCA were allowed to roam 

freely in an enclosure while cats from PAWS were kept in cage consist of 1 to 4 cats per 

cage. Woo et al. (2012) stated that FmoPV was mostly detected in urine. Therefore, it is 

possible that this virus may have established in the shelter environment through virus 

shedding by FmoPV- positive cats. FmoPV can also spread to uninfected cats when they 

share the same litter box as FmoPV is stable in the environment and can retain it 

infectivity for 12 days (Koide et al., 2015).  

 In this study, FmoPV was not detected in the kidney samples. This could be due 

to the health condition of the cat before euthanasia in which there was no history of 

renal related diseased.  

The lower detection rate in PAWS could be due to the limited cat-to-cat contact 

in the shelter as the cats were kept in the cage. However, we could only speculate the 

role of management in the finding in this study as there is no complete establishment of 

the pathogenicity and epidemiology of FmoPV. 
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5.2 Prevalence rate of feline morbillivirus 

 The prevalence of FmoPV in this study is 41.3 % which is higher compared to 

other studies conducted previously in other countries. The difference in prevalence rate 

may be due to the limitation of sample region in which this study obtained samples from 

participating shelters from two states while other studies sampled multiple regions. In 

addition, the sample size of the studies done in other countries was much larger in 

comparison to the study done in Malaysia (Sakaguchi et al., 2014).  

However, the detection rate of FmoPV in urine detected in this study (41.3%) is 

lower compared to the study conducted previously in Malaysia by Manoraj et al. (2015) 

which is 63%. This may be due to the background difference of the cats sampled 

between studies whereby previous study sampled client-owned cats while this study was 

conducted using samples taken from shelter cats. The difference in the detection rate 

between pet and stray cats were also observed in previous studies whereby the detection 

rate was higher in shelter cats. (Furuya et al., 2014; Woo et al., 2012).  

Moreover, the difference in detection rate could also happenned due to the 

different assay and extraction method use between studies. In previous study by Manoraj 

et al. (2015) the RNA extraction was performed using an established commercial 

extraction kit which was more sensitive compared to the conventional method. 

Therefore, this factor may also contributed to the higher detection rate. 
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The sample selection in previous study conducted by Manoraj et al. (2015) 

included cats with renal-related diseases which comprised 37% of the total samples. The 

inclusion criteria of renal disease in client-owned cats may contributed to the higher 

detection rate in urine compared to shelter cats, consistent with findings in the study 

done by Furuya et al. (2014). This could be due to the tissue distribution of the virus or a 

higher FmoPV virus infection in cats with nephritis. This is further supported by a study 

done by Sieg et al. (2015) in Germany where they compared disease and healthy cats 

and found a strong association between positive-infected cats with chronic kidney 

disease in domestic cats. 

5.3 Association between sex and FmoPV infection 

 There was no association between sex and FmoPV infection implying that both 

male and female has equal chance of getting FmoPV infection. The finding of this study 

is in contrast with a study done by Sieg et al. (2015), suggesting that there might be a 

higher risk for male cats in suffering from FmoPV infections. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

.  

In this study, we concluded that FmoPV is present in shelter cats in Malaysia 

with the prevalence rate of 41.3%. The detection rate is lower compared to the previous 

study conducted in Malaysia, 63%. There was no association found between sex and 

FmoPV infection.  

The detection rate of FmoPV is different between shelter organizations. The 

difference in the detection rate is speculated to be due to the difference in management 

system. Thus, more studies on the existence or detection of FmoPV in cats in different 

management should be conducted to determine whether these factors affects the spread 

of FmoPV in cats. In addition, further studies are needed to investigate and establish the 

pathogenicity and epidemiology of FmoPV. 

Furthermore, sampling collection was done in only three participating shelters in 

Malaysia. Therefore, it is recommended that sample size and geographical areas should 

be increased to determine the actual conditions in both shelter and client-owned cats.  
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8.0 APPENDICES 

 

8.1 Instruction for RNA extraction using Trizol® Reagent (1/3) 
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8.1 Continue (2/3) 
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8.1 Continue (3/3) 
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8.2 Instruction for Promega™ GoTaq™ 2-Step RT-qPCR System kit 
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8.3 Instruction for MyTaq™ Red Mix (1/2) 
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8.3 Continue (2/2) 
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8.4 Agarose Gel Representative Image 

 

 

 

L : Ladder 100-bp 

PC : Positive control 

NC : Negative control 

P : Putrajaya 

I : ISPCA 

W : PAWS 

Yellow arrow : Position of final PCR product – 401-bp 
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8.5 Samples details 

No. Shelter Gender FmoPV urine FmoPV in kidney 

1 Putrajaya IM Negative NA 

2 Putrajaya IF Positive NA 

3 Putrajaya IF Negative NA 

4 Putrajaya IM Positive NA 

5 Putrajaya IM Positive NA 

6 Putrajaya IF Positive NA 

7 Putrajaya IF Positive NA 

8 Putrajaya IF Positive NA 

9 Putrajaya IF Negative NA 

10 Putrajaya IF Negative NA 

11 Putrajaya IF Negative NA 

12 Putrajaya IF Negative NA 

13 Putrajaya IF Negative NA 

14 Putrajaya IF Positive NA 

15 Putrajaya IF Negative NA 

16 Putrajaya IM Positive NA 

17 ISPCA SF Positive NA 

18 ISPCA SF Positive NA 

19 ISPCA SF Positive NA 

20 ISPCA SF Positive NA 

21 ISPCA CM Negative NA 

22 ISPCA CM Negative NA 

23 ISPCA SF Positive NA 

24 ISPCA SF Positive NA  

25 ISPCA SF Negative NA 

26 ISPCA CM Negative NA 

IM: Intact male 

CM: Castrated male 

IF: Intact female 

SF: Spayed female 

- : Unknown 

NA: not applicable 
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27 ISPCA CM Negative NA 

28 ISPCA SF Positive NA 

29 PAWS IM Negative NA 

30 PAWS IM Negative NA 

31 PAWS IF Positive NA 

32 PAWS SF Negative NA 

33 PAWS IF Negative NA 

34 PAWS IM Negative NA 

35 PAWS IF Positive NA 

36 PAWS IF Negative NA 

37 PAWS CM Negative NA 

38 PAWS IM Negative NA 

39 PAWS IF Negative NA 

40 PAWS IF Positive NA 

41 PAWS SF Negative NA 

42 PAWS IF Negative NA 

43 PAWS IF Negative NA 

44 PAWS SF Positive NA 

45 PAWS IF Negative NA 

46 PAWS IM Negative NA 

47 PAWS IM Negative NA 

48 PAWS - Negative NA 

49 PAWS IF Negative Negative  

50 PAWS - Negative Negative 

IM : Intact male 

CM : Castrated male 

IF : Intact female 

SF : Spayed female 

- : Unknown 
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