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Jangkitan feline coronavirus (FCoV) adalah sangat biasa didalam populasi kucing. FCoV 

diklasifikasikan kepada dua biotip iaitu feline enteric coronavirus (FECV) dan feline infectious 

peritonitis virus (FIPV), di mana FIPV menyebabkan penyakit kompleksimun yang membawa 

maut dengan menukarkan tropisme dari enterosit kepada monosit. Kajian-kajian sebelum ini  
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xvi 

 

pada pengesanan molekul FCoV didalam kucing dijalankan di kateri, tetapi kajian tentang 

penyiasatan kehadiran antigen FCoV di dalam kucing kesayangan tempatan agak terhad. Dengan 

mengambil kira fakta ini, kajian ini bertujuan untuk mengesan antigen FCoV melalui assai RT-

PCR di dalam kucing tempatan dan membandingkan persamaan strain FCoV yang dikenalpasti 

dengan virus terdahulu melalui analisis filogenetik. Dengan menggunakan pensampelan mudah, 

swab rectum dan lapisan buf dikumpulkan daripada 16 ekor kucing kesayangan yang sakit secara 

klinikal dan 5 ekor kucing kesayangan yang sihat. RNA diekstrak dan tertakluk kepada one-step 

RT-PCR, yang menyasarkan gen polymerase. Daripada 21 sampel najis hanya terdapat satu yang 

positif bagi FCoV dan tidak ada lapisan buf yang positif. Analisis filogenetik mendedahkan 

bahawa sample yang dikenalpasti positif adalah sangat homologi, sehingga 95%, dengan strain 

FCoV dari Netherlands pada penjujuk separa gen polymerase. Kesimpulannya, kajian ini telah 

mengesan antigen FCoV dalam kucing kesyangan tempatan dan pengesanan negative tidak boleh 

secara keseluruhannya menolak kemungkinan jangkitan FCoV kerana diagnosis virus ini sangat 

kompleks yang memerlukan beberapa siri analisis.  

 

Kata kunci: feline coronavirus, feline enteric coronavirus, feline infectious peritonitis virus, RT-

PCR, analisis filogenetik 
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ABSTRACT 

Abstract of the project paper presented to the Faculty of Veterinary Medicine in 

partial requirement for the course VPD 4999- Final Year Project 

MOLECULAR INVESTIGATION OF FELINE CORONAVIRUS (FCoV) IN 

LOCAL PETCATS 

by 

LiewWuanHoong 

2017 

Supervisor: Dr.NorYasminbintiAbd. Rahaman 

Co-supervisors: 

Professor Dr. Abdul Rahman Omar 

Associate Professor Dr.SitiSuriArshad 

Dr. Farina Mustaffa Kamal 

Dr.PremAnand 

Feline coronavirus (FCoV) infection is very common in cat population. FCoV 

is further classified into two biotypes namely feline enteric coronavirus (FECV) and 

mutated feline infectious peritonitis virus (FIPV), in which FIPV causes a fatal 
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immune complex disease by changing the tropism from enterocytes to monocytes. 

Previous studieson molecular detection of FCoVin cats were carried out in 

catteriesbut there is limited study on investigation of the presence of FCoV antigen 

in local pet cats. By considering this fact, this study aims to detect FCoVantigen via 

RT-PCR assay in local pet cats and to compare the similarity of the identifiedFCoV 

strain with previous related virus by phylogenetic analysis. By using convenience 

sampling, rectal swabs and buffy coat were collected from 16 clinically ill pet cats 

and 5 healthy pet cats. Viral RNA was extracted and subjected to one-step RT-PCR, 

targeting polymerase gene. Only 1 out of 21fecal samples was positive for FCoVand 

none for buffy coat. Phylogenetic analysis revealed that the identified positive 

samplewas highly homologous, up to 95%, to aFCoV strain from Netherlands on 

partial sequence of polymerase gene. In conclusion, this study detected FCoV 

antigen in local pet cats and negative detection could not completely rule out the 

possibilities of FCoV infection due to the complexity of the virus diagnosis that 

require multiple series of analysis.  

Keywords: feline coronavirus, feline enteric coronavirus, feline infectious peritonitis 

virus, RT-PCR, phylogenetic analysis 
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1.0 INTRODUCTION 

Feline coronavirus (FCoV) is a subspecies of Alphacoronavirus 1, from genus 

Alphacoronavirus classified within the subfamily of Coronavirinae.(Kipar & Meli, 

2014).FCoV infection is ubiquitous and distributed worldwide in household and 

wild catsespecially in crowded environment like catteries and shelters.  

There are two biotypes of FCoV in cats, namelyFeline Enteric Coronavirus (FECV) 

and Feline Infectious Peritonitis Virus  (FIPV) (Addieet al., 2009; Sharif et al., 

2010a).Each biotype has two serotypes,  I and II mainly based on their antigenic 

relationship to canine coronavirus. FIPV is believed to be mutated from FECV 

within the body of a persistently FCoV-infected cat(Pedersen, 2014a). These two 

biotypes are morphologically and serologically similar, but causing different clinical 

signs, with FECV causes a transient gastroenteritis or asymptomatic infection 

whereas FIPVcausesa fatal immune-mediated disease, feline infectious peritonitis 

(FIP).The peak age for FIP development is between 6 months to 2 years old 

(Hartmann, 2005).FIP is categorized into wet and dry forms accordingly to the 

clinical signs manifested. Wet form is characterized by peritonitis and/or pleuritis 

caused by complement-mediated vasculitis, leading the inflammatory fluid leaking 

into body cavities whereasdry form is involved with partial cell-mediated immunity, 

characterized by granuloma formation in various organs like central nervous system 

and ocular system (Pedersen, 2009) 

FCoV is transmitted through fecal-oral route. Virus shedding occurs intermittently 

and some cats can shed virus up to 10 months (Hartmann, 2005; Sharif etal., 
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2009b).Thus, reverse-transcriptase polymerase chain reaction (RT-PCR) can be used 

to detect FCoV antigen in the feces as a part of multi-cat household management 

(Herrewegh et al., 1995b).After being infected by FCoV, monocyte-associated 

viraemia occurs. Thus, buffy coat which is rich with leukocytes can be used to check 

for viraemia due to FCoV using RT-PCR (Kipar et al., 2010).   

There are numerous studies have been carried on molecular detection of FCoV 

antigen in cats from catteries and shelters, but there is limited study on investigation 

of the presence of FCoV antigen in local pet cats. The hypothesis of the study 

proposes that FCoV antigen will be detected via RT-PCR in local pet cats. This 

studywill add up the information on FCoV for the future. Other than that, FCoV 

causes FIP which is a very fatal disease in cat, even though there have been lots of 

studies on FCoV, there are still issues related to FCoV waiting to be solved.  

In Malaysia, the phylogenetic analysis of FCoVs on partial sequence of 3‟UTR had 

been done around 7 years back (Sharif et al.,2009b; Sharif et al., 2010a). Thus, this 

study will again use phylogenetic analysis to get a glimpse into the current status of 

FCoVs in Malaysia.  

Thus, the objectives of the study are: 

1. To detect FCoV antigen via RT-PCR assay in local pet cats.  

2. To compare the similarity of identified positive samples with the previous related 

virus by phylogenetic analysis.  

 



© C
OPYRIG

HT U
PM

42 
 

REFERENCES 

 

Addie, D. D. (2003). Persistence and transmission of natural type I feline coronavirus 

infection. Journal of General Virology, 84(10), 2735-2744. 

Addie, D. D. &Jarett, J. O. (2001).Use of a reverse-transcriptase polymerase chain reaction 

for monitoring feline coronavirus shedding by healthy cats.Vet Rec. 148, 649-653. 

Addie, D., Belák, S., Boucraut-Baralon, C., Egberink, H., Frymus, T., Gruffydd-Jones, T., 

Hartmann, K., Hosie, M. J., Lloret, A.& Lutz, H. (2009).Feline infectious 

peritonitis.ABCD guidelines on prevention and management.Journal of Feline 

Medicine & Surgery, 11(7), 594-604. 

Arshad, S.S., Lee W. W., Hassan L., Kamarudin A I M., Siti-Farawahida A W. & Cheng 

N.A.B.Y. (2004). Serological survey of catteries for cats infected with feline 

coronavirus. J Vet Malaysia, 17, 19-22.  

Bande, F. (n. d.).Primer of RNA-dependent RNA polymerase gene. Retrieved from 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/ 

Bell, E., Toribio J., White J., Malik, R. & Norris, J. (2006).Seroprevalence study of feline 

coronavirus in owned and feral cats in Sydney, Australia.Aust Vet J, 84(3), 74-81.  

Belouzard, S., Millet, J. K., Licitra, B. N., & Whittaker, G. R. (2012). Mechanisms of 

coronavirus cell entry mediated by the viral spike protein. Viruses, 4(12), 1011-1033. 

Brown, M. A., Troyer, J. L., Pecon-Slattery, J., Roelke, M. E., & O‟Brien, S. J. (2009). 

Genetics and Pathogenesis of Feline Infectious Peritonitis Virus. Emerging Infectious 

Diseases, 15(9), 1445-1452. 

Cave, T. (2004). Risk factors for feline coronavirus seropositivity in cats relinquished to a 

UK rescue charity. Journal of Feline Medicine & Surgery, 6(2), 53-58. 

Can-Sahna, K., SoydalAtaseven, V., Pinar, D. &EigdemOguzoglu, T. (2007). The detection 

of feline coronaviruses in blood samples from cats by mRNA RT-PCR. J Feline Med 

Surg, 9(5), 369-372.  

De Haan, C. A. &Rottier, P. J. (2005). Molecular Interactions in the Assembly of 

Coronaviruses. Advances in Virus Research, 64165-230. 

Diaz, J. V. &Poma, R. (2009). Diagnosis and clinical signs of feline infectious peritonitis  

in the central nervous system. Can Vet J, 50(10), 1091-1093. 

Drechsler, Y., Alcaraz, A., Bossong, F. J., Collisson, E. W. &Diniz, P. P. (2011). Feline 

Coronavirus in Multicat Environments. Veterinary Clinics of North America: Small 

Animal Practice, 41(6), 1133-1169. 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/


© C
OPYRIG

HT U
PM

43 
 

Dye, C., Helps, C. R. &Siddell, S. G. (2008). Evaluation of real-time RT-PCR for the  

quantification of FCoV shedding in the faeces of domestic cats. Journal of Feline 

Medicine and Surgery, 10(2), 167-174. 

Fehr, A. R. & Perlman, S. (2015). Coronaviruses: An Overview of Their Replication and 

Pathogenesis. Coronaviruses, 1282, 1-23. 

Fischer, Y., Sauter-Louis, C. & Hartmann, K. (2012). Diagnostic accuracy of the Rivalta test 

for feline infectious peritonitis. Veterinary Clinical Pathology, 41(4), 558-567. 

Foley, J. E., Poland, A., Carlson, J. & Pedersen, N. C. (1997). Risk factors for feline 

infectious peritonitis among cats in multiple-cat environments with endemic feline 

enteric coronavirus. J Am Vet Med Assoc, 210 (9), 1313-1318. 

Fiscus, S. A. &Teramoto, Y. A. (1987). Antigenic comparison of feline coronavirus isolates: 

Evidence for markedly different peplomer glycoproteins. Journal of Virology, 61, 

2607-2613. Retrieved on 7 Feb 2017 from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC255709/pdf/jvirol00099-0267.pdf  

Goodson, T.L., Randell, S.C. & Moor, L. (2009). Feline infectious peritonitis.   

  Compendium, 31(10), 1-9.  

Hartmann, K. (2005). Feline infectious peritonitis, Vet Clin North Am Small Anim Practice,   

  35(1), 39-79.  

Herrewegh, A. A., Vennema, H., Horzinek, M. C., Rottier, P. J. & De Groot, R. J. (1995a).   

  The Molecular Genetics of Feline Coronaviruses: Comparative Sequence Analysis of   

 the ORF7a/7b Transcription Unit of Different Biotypes. Virology, 212(2), 622-631. 

Herrewegh, A., De Groot, R., Cepica, A., Egbrinkk, H.F., Horzinek, M.C. &Rottier, P.  

  (1995b). Detection of feline coronavirus RNA in feces, tissues, and body fluids of  

  naturally infected cats by reverse transcriptase PCR. J ClinMicrobio, 33(3), 684. 

Herrewegh, A., Mähler, M., Hedrich, H., Haagmans, B., Egberink, H., Horzinek, M., Rottier,   

 P.J.M. &de Groot, R. J. (1997). Persistence and Evolution of Feline Coronavirus in  

 a Closed Cat-Breeding Colony. Virology, 234(2), 349-363. 

Kipar, A., Meli, M. L., Baptiste, K. E., Bowker, L. J. & Lutz, H. (2010). Sites of feline  

 coronavirus persistence in healthy cats. Journal of General Virology, 91(7), 1698- 

 1707.  

Kipar, A. &Meli, M. L. (2014). Feline Infectious Peritonitis. Veterinary Pathology, 51(2),  

 505-526. 

Kummrow, M., Meli, M. L., Haessig, M., Goenczi, E., Poland, A., Pedersen, N. C.,  

 Hofmann-Lehmann, R. & Lutz, H. (2005). Feline Coronavirus Serotypes 1 and 2:  

 Seroprevalence and Association with Disease in Switzerland. Clinical and Vaccine  

 Immunology, 12(10), 1209-1215. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC255709/pdf/jvirol00099-0267.pdf


© C
OPYRIG

HT U
PM

44 
 

Lai, M. M. C., Perlman, S. & Anderson, L. J. (2007).Coronaviridae. In: Knipe, D. M.,   

 Howley, P. M., Griffin, D. E., Lamb, R. A., Martin, M. A., Roizman, B., Straus, S. E.   

 (Eds.), Fields Virology. Lippincott Williams and Wilkins, Philadelphia, PA, pp. 1305-  

 1335.  

Levy, J. K. &Hutsell, S. (2016). Overview of feline infectious peritonitis. In The Merck  

 veterinary manual (11th ed.). Retrieved Feb 11, 2017 from  

 http://www.merckvetmanual.com/generalized-conditions/feline-infectious- 

 peritonitis/overview-of-feline-infectious-peritonitis 

Licitra, B. N., Millet, J. K., Regan, A. D., Hamilton, B. S., Rinaldi, V. D., Duhamel, G. E.     

  & Whittaker, G. R. (2013). Mutation in Spike Protein Cleavage Site and Pathogenesis   

  of Feline Coronavirus. Emerging Infectious Diseases, 19(7), 1066-1073. 

Meli, M. (2004). High viral loads despite absence of clinical and pathological findings in  

  cats experimentally infected with feline coronavirus (FCoV) type I and in naturally  

  FCoV-infected cats. Journal of Feline Medicine & Surgery, 6(2), 69-81. 

Olsen, C. W., Corapi, W. V., Jacobson, R. H., Simkins, R. A., Saif, L. J. & Scott, F. W.  

  (1993). Identification of antigenic sites mediating antibody-dependent enhancement  

  of feline infectious peritonitis virus infectivity. Journal of General Virology, 74(4),   

  745-749. 

Patel, J. &Heldens, J. (2009). Review of companion animal viral diseases and  

  immunoprophylaxis. Vaccine, 27 (4), 491-504. 

Pedersen, N. C. (1976). Serologic studies of naturally occuring feline infectious peritonitis.   

 Am J Vet Res, 37(12), 2559-1453. 

Pedersen, N. C. (2009). A review of feline infectious peritonitis virus infection: 1963–2008.   

  Journal of Feline Medicine and Surgery, 11(4), 225-258. 

Pedersen, N. C. (2014a). An update on feline infectious peritonitis: Virology and   

  immunopathogenesis. The Veterinary Journal, 201(2), 123-132. 

Pedersen, N. C. (2014b). An update on feline infectious peritonitis: Diagnostics and  

 therapeutics. The Veterinary Journal, 201(2), 133-141. 

Pedersen, N. C., Allen, C. E. & Lyons, L. A. (2008). Pathogenesis of feline enteric  

 coronavirus infection. Journal of Feline Medicine & Surgery, 10(6), 529-541. 

Rohrbach, B. W., Legendre, A. M., Baldwin, C. A., Lein, D. H., Reed, W. M. & 

 Wilson, R. B. (2001). Epidemiology of feline infectious peritonitis among cats  

 examined at veterinary medical teaching hospitals. Journal of the American  

 Veterinary Medical Association, 218(7), 1111-1115. 

Rohrer, C., Suter, P. & Lutz, H. (1994). The diagnosis of feline infectious peritonitis (FIP):   

 A retrospective and prospective study. Euro J Comp AnimPract, 4, 23-29. 

http://www.merckvetmanual.com/generalized-conditions/feline-infectious-


© C
OPYRIG

HT U
PM

45 
 

Rottier, P. J., Nakamura, K., Schellen, P., Volders, H. &Haijema, B. J. (2005). Acquisition  

 of Macrophage Tropism during the Pathogenesis of Feline Infectious Peritonitis Is  

 Determined by Mutations in the Feline Coronavirus Spike Protein. Journal of  

 Virology, 79(22), 14122-14130. 

Sharif, S., Arshad, S. S., Hair-Bejo, M., Omar, A. R., Zeenathul, N. A., Fong, L. S.,  

Isa, M. A. (2010a). Descriptive distribution and phylogenetic analysis of feline 

infectious peritonitis virus isolates of Malaysia. Acta Vet Scand, 52(1), 1.  

Sharif, S., Arshad, S. S., Hair-Bejo, M., Omar, A. R., Zeenathul, N. A. &Alazawy, A. 

 (2010b). Diagnostic Methods for Feline Coronavirus: A Review. Veterinary Medicine   

 International, 2010, 1-7. 

Sharif, S., Arshad, S. S., Hair-Bejo, M., Omar, A. R., Zeenathul, N. A. &Hafidz, M. A.  

 (2009a). Prevalence of feline coronavirus in two cat populations in Malaysia. Journal  

 of Feline Medicine & Surgery, 11(12), 1031-1034. 

Sharif, S., Arshad, S. S., Bejo, M. H., Omar, A. R., Allaudin, Z. N. &Hafidz, M. A. 

 (2009b). Phylogenetic analysis of feline coronavirus isolates from healthy cats in  

 Malaysia. 

Shieh, C., Soe, L. H., Making, S., Chang, M., Stohlman, S. A. & Lai, M. M. (1987). The 5′- 

 end sequence of the murine coronavirus genome: Implications for multiple fusion  

 sites in leader-primed transcription. Virology, 156(2), 321-330. 

Simons, F. A., Vennema, H., Rofina, J. E., Pol, J. M., Horzinek, M. C. &Rottier, P. J. M. 

 (2005). A mRNA PCR for the diagnosis of feline infectious peritonitis. J Virol 

 Methods, 124 (1-2), 111-116.   

Stoddart, C. A. & Scott, F. W. (1989). Intrinsic resistance of feline peritoneal macrophages  

 to coronavirus infection correlates with in vivo virulence. Journal of Virology, 63,  

 436-440. 

Stoddart, M., Gaskell, R., Harbour, D. & Pearson, G. (1988). The sites of early viral  

 replication in feline infectious peritonitis. Veterinary Microbiology, 18(3-4), 259-271. 

Takano, T., Hohdatsu, T., Toda, A., Tanabe, M. & Koyama, H. (2007). TNF-alpha,  

 produced by feline infectious peritonitis virus (FIPV)-infected macrophages,  

 upregulates expression of type II FIPV receptor feline aminopeptidase N in feline  

 macrophages. Virology, 364(1), 64-72. 

Tekes, G., Hofmann-Lehmann, R., Stallkamp, I., Thiel, V. & Thiel, H. (2007). Genome  

 organization and reverse genetic analysis of a type I feline coronavirus. Journal  

 of Virology, 82(4), 1851-1859. 

Tusell, S. M., Schittone, S. A. & Holmes, K. V. (2006). Mutational analysis of  

 aminopeptidase N, a receptor for several group 1 coronaviruses, identifies key  

 determinants of viral host range. Journal of Virology, 81(3), 1261-1273. 



© C
OPYRIG

HT U
PM

46 
 

Wang, Y., Su, B., Hsieh, L. &Chueh, L. (2013). An outbreak of feline infectious peritonitis  

 in a Taiwanese shelter: epidemiologic and molecular evidence for horizontal  

 transmission of a novel type II feline coronavirus. Veterinary Research, 44(1), 57. 

Wentworth, D. E. & Holmes, K. V. (2001). Molecular determinants of species specificity  

 in the coronavirus receptor aminopeptidase N (CD13): influence of N-linked  

 glycosylation. Journal of Virology, 75(20), 9741-9752. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




