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By
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Feline morbillivirus (FeMV) of genus Morbillivirus is a novel emerging virus of
domestic cats, linked with the development of CKD. Several quantitative
diagnostic assays have been developed for the detection of FeMV such as reverse
transcriptase  loop-mediated isothermal amplification (RT-LAMP) and
quantitative reverse transcriptase-polymerase chain reaction (gRT-PCR);
however, none of the published assays targets the N gene of FeMV. N gene is one
of the most conserved genes in morbilliviruses which also plays an important role
in RNA synthesis by RdRp complex. In view for a specific and sensitive assay
targeting local isolates, the objectives of this study were to develop Tagman-based
gRT-PCR assay for the quantitative measurement of FeMV based on the sequence
of N gene of local isolates and to assess the sensitivity and specificity of the
developed qPCR assay in detecting FeMV. Sequence analyses of FeMV-Malaysia
isolates were performed to develop specific primers targeting N gene.
Phylogenetic analysis shown that the local isolates were closely related to the
isolates from China, Thailand and Japan. Subsequently, a set of primers was
designed and used in gRT-PCR assay which demonstrated a high specificity with
no amplification signal towards other morbilliviruses and other feline viruses.
Lowest limit of detection for the developed assay was at 1.74 x 10 copies/uL.
The CV values for inter- and intra-assay variation were low, ranging from 1.38% -
2.03%, and 0.34% - 0.53%, respectively. Besides, the developed qRT-PCR assay
was tested using cats’ urine and kidney samples. The findings were then
compared with the detections using conventional RT-PCR. The developed gRT-
PCR assay detected FeMV in 35.2% of cats’ samples compared to 15.5% by
conventional RT-PCR. In conclusion, the developed assay of gRT-PCR has a high
specificity and sensitivity in detecting FeMV compared to conventional RT-PCR,
thus can be utilized as diagnostic tools and to determine possible association with
CKD occurrence in cats.
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Feline morbillivirus (FeMV) daripada genus Morbillivirus ialah virus baru
muncul bagi kucing domestik, dikaitkan dengan perkembangan CKD. Beberapa
ujian diagnostik kuantitatif telah dibangunkan untuk pengesanan FeMV seperti
amplifikasi gelung dimediasi isotermal transkriptas membalik (RT-LAMP) dan
reaksi masa nyata rantai polimerase transkriptas membalik (qQRT-PCR); walau
bagaimanapun, tiada ujian yang diterbitkan menyasarkan gen N FeMV. Gen N
adalah salah satu gen yang paling terpelihara dalam morbillivirus yang juga
memainkan peranan penting dalam sintesis RNA oleh kompleks RdRp.
Memandang kepada pengujian yang khusus, ujian khusus dan sensitif yang
menyasarkan pencilan tempatan, objektif kajian ini adalah untuk membangunkan
ujian gRT-PCR berasaskan Tagman untuk pengukuran Kkuantitatif FeMV
berdasarkan urutan gen N pencilan tempatan dan untuk menilai sensitiviti dan
kekhususan. daripada ujian gPCR yang dibangunkan dalam mengesan FeMV.
Analisis jujukan bagi isolat FeMV-Malaysia telah dilakukan untuk
membangunkan primer khusus yang menyasarkan gen N. Analisis filogenetik
menunjukkan bahawa isolat tempatan berkait rapat dengan isolat dari China,
Thailand dan Jepun. Berikutan itu, satu set primer telah direka dan digunakan
dalam ujian gRT-PCR yang menunjukkan kekhususan tinggi tanpa isyarat
amplifikasi terhadap morbillivirus lain dan virus kucing lain. Had pengesanan
terendah dari ujian yang telah dihasilkan adalah 1.74 x 10-4 salinan/pL. Nilai CV
untuk kebolehubahan ujian antara dan intra ujian adalah rendah, masing-masing
antara julat 1.38% - 2.03%, dan 0.34% - 0.53%. Selain itu, ujian gqRT-PCR yang
dihasilkan juga diuji menggunakan sampel urin dan ginjal dari kucing. Penemuan
menggunakan qRT-PCR kemudian dibandingkan dengan pengesanan daripada
RT-PCR konvensional. Ujian gRT-PCR yang dihasilkan berjaya mengesan FeMV



dalam 35.2% sampel kucing berbanding 15.5% yang telah dikesan oleh RT-PCR
konvensional. Kesimpulannya, ujian qRT-PCR yang dihasilkan adalah lebih
spesifik mempunyai kekhususan dan sensitif untuk mengesan FeMV berbanding
dengan RT-PCR konvensional, maka ia boleh digunakan sebagai alat diagnostik
untuk merancang rawatan awal untuk CKD pada kucing.
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CHAPTER 1

INTRODUCTION

RNA genome of feline morbillivirus (FeMV) is negative-sense, non-segmented
and single stranded characterized under family Paramyxoviridae, genus
Morbillivirus (Amarasinghe et al., 2019). Members of morbilliviruses are known
to infect both terrestrial and marine animals and are highly contagious
(Pfeffermann et al., 2018). An infection of morbilliviruses can cause mild to
critical gastrointestinal and respiratory diseases with acute immunosuppression
towards the host which render them susceptible to opportunistic infections
resulting in life-threatening complications such as pneumonia.

First detection of FeMV was in Hong Kong in 2012. Then, FeMV detection has
been monitored in several countries for example United States, Germany, Japan,
Brazil, Italy, Thailand, Turkey and Malaysia (Woo et al., 2012; Furuya et al.,
2014; Lorusso et al., 2015; Claire et al., 2016; Chaiyasak and Techangamsuwan,
2017; Darold et al., 2017; Yilmaz et al., 2017; Mohd lIsa et al., 2019). Based on
the sequence and phylogenetic analyses of FeMV, it was classified as a novel
virus due to its lower than 80% of nucleotide similarities to previously known
paramyxovirus (Woo et al., 2012). However, in term of gene organization, it
contains six genes (3’-N-P/V/C-M-F-H-L-5") which is similar to other
morbilliviruses. FeMV detection study in Malaysia was conducted in 2015 of
which 39.4% cats were found positive with highest detection in kidney (80%)
(Mohd Isa et al., 2019).

Several initial studies of FeMV have linked chronic kidney disease (CKD) with
FeMV infection (Woo et al., 2012; Furuya et al., 2014; Sutummaporn et al.,
2019). This has raised a concern among veterinarians and cats” owner as CKD has
been recorded as one of the most typical cause lead to death in domestic cats
among age older than five years (O’Neill et al., 2015; Cannon, 2016). Following
that, more researches have been performed to investigate the relationship between
CKD and FeMV; however, a distinct association has yet been convincing
(McCallum et al., 2018). In addition, canine distemper virus (CDV), another
member of morbilliviruses has been proved possess the ability to be transmitted
across different species (Martella et al., 2008). Besides, zoonotic concern has been
raised regarding this FeMV infection in domestic cats as cats are popular as
companion animal, but this concern can be eliminated as a study on FeMV-cell
line infection has proved that FeMV showed no infection towards human cell
lines (Sakaguchi et al., 2015).

In addition, several molecular investigations have been performed using
conventional RT-PCR detecting L gene such as study done by Woo et al. (2012),
Furuya et al. (2014) and Stranieri et al. (2019). Even though conventional RT-
PCR is relatively cheaper; however, it is laborious and less sensitive compared to
quantitative real-time RT-PCR (gRT-PCR). There are also gqRT-PCR assays that



have been developed based on L gene and P/V/C gene but none of these studies
target for nucleocapsid protein (N gene) of FeMV (Furuya et al., 2015; De Luca et
al., 2018). N gene of FeMV was opted to become a target gene in this study as the
N gene of morbillivirus is a well-conserved gene and major viral protein which
folds and protects the viral RNA (Diallo, 1990).

Hence, the objectives of this study are:

1.

To sequence and conduct phylogenetic analysis of the nucleocapsid (N)
gene feline morbillivirus (FeMV) of Malaysia isolates.

To develop the Tagman-based real-time reverse transcription polymerase
chain reaction (QRT-PCR) assay for the quantitative measurement of
FeMV based on the N gene of Malaysia isolates.

To assess the specificity and sensitivity of the developed qRT-PCR
targeting N gene in detection of FeMV from cats’ urine and kidney
samples.

Hypotheses of the study:

1.

Ho: There is no significant difference in clustering FeMV-N gene
Malaysia isolates with other outgroups from species of genus
Morbillivirus

Ha: There is significant difference in clustering FeMV-N gene Malaysia
isolates with other outgroups from species of genus Morbillivirus

Ho: There is no significant difference in the performance of gRT-PCR
compared to conventional RT-PCR in detection of FeMV-N gene
Hai: There is significant difference in the performance of gRT-PCR
compared to conventional RT-PCR in detection of FeMV-N gene
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APPENDICES

Appendix 1
IACUC Approval Letter
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PEJABAT TIMBALAN NAIB CANSELOR (PENYELIDIKAN DAN INOVASI)

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

Date 20 July 2018
AUP No UPMIACUC/AUP-R037/2018
et TR Urne Colecton rom Cals fo the Development of
Assay of Feline

Principal Investigator. Dr. Farina Mustaffa Kamal
Prof. Dr. Abdul Rahman Omar, Dr. Tan Sheau Wel, Siti

Mermbure: Tasnim Binti Makhtar

Attending Vetennarian Dr. Khor Kuan Hua, Dr. Hemadevy Manoraj, Dr. Farina
Mustaffa Kamal

Committee Decision The committee has reviewed and approved the proposed
animal utilisation protocol, subject (o relevant permit and/ or
owner’s consent

Project Classification Acute

Category of Invasiveness: B

Source of Animals: (1) Client owned/donated, (i) SPCA Selangor, (i) Paws
Animal Welfare Society (PAWS), (iv) Pusat Perlindungan
Kucing Putrajaya (PPKP), (v) Pusat Kurungan Halwan,
Jabatan Kesihatan DBKL, (vi) Furry Friends Farms,

Number of Animals 50 cats

Housing Not Applicable

Duration: 20 July 2018 - 20 July 2019

Ethical approval is required in the case of o the
protocol (AUP). Please apply using Form 105. Kindly wnlnmuvmmﬂ rapon(Fom\ 108)
upon study completion, or before expiry of approval

AT
PROF. DR. MOHD HAIR BEJO
Chairman
Institutional Animal Care and Use Committee
Universiti Putra Malaysia

[ Pejabat Timbatan Naib Canselor (Penyelidikan dan Inovasi), Universiti Putra Mataysia, 43400 UPM Serdang, Selangor Darul Ehsan. Malaysia
Pejabat Timbalan Naib Canselor (P&I) (J)603-8947 1002, Pojabat Pontadbiran TNCP! (J)603-8947 1608, Pejabat Pengarah, Pusat Pengurusan
Penyelidikan (RMC) (3) 603-8947 1601, Pejabat Pengarah, Putra Science Park (PSP) (3) 603-8947 1291
€ hito/wwwtncpi upm edu my
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Appendix 2

Client Consent Form

FACULTY OF VETERINARY MEDICINE
UNIVERSITI PUTRA MALAYSIA (UPM)

Client Consent Form

Research Title: Urine collection from cats for the development of quantitative
assay for feline morbillivirus

We are pleased to invite you and your companion animal to participate in a study to detect the
presence of feline morbillivirus in cats. This research will increase our understanding of the
presence of this newly-identified virus with the potential association with kidney disease. This
research is closely supervised by our veterinarian, Dr Farina Mustaffa Kamal from UPM.

In order to conduct this study, we will only require a small amount of urine from your cat. All
samples will be collected by an experienced registered veterinarian. Every measure will be
taken to ensure that the collection of urine will be carried out in a stress-free environment and
cause no distress to your pet(s).

Your participation is voluntary and you may withdraw anytime however, we greatly appreciate
you and your pet(s) full participation in this study. Rest assured that any personal data shared
with us will be held with utmost confidentiality. For further questions or concerns, you may
contact for IACUC at 03-89471244 or our principal investigator at 03-86093466.

Thank you for your participation and making a difference to Malaysian cats and owners!
I hereby give my consent for urine collection from my cats by veterinarians and assistants.

OWwner’s name: ..................... Pet’sname: .................
Case number: ..............couvnane

Signature: .........coooeeeiiiinnn. Date: ...oovvviiiiiiiii

If you would like to be informed with the results of the screening, kindly provide us with the
following details:
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