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ABSTRAK 

Abstrak daripada kertas yang dikemukakan kepada Fakulti Perubatan Veterinar 

untuk memenuhi sebahagian daripada keperluan Kursus VPD 4999 – Projek Ilmiah 

Tahun Akhir 

 

CORAK HEMATOLOGI DAN SERUM BIOKIMIA PARAMETER DALAM 

KUCING YANG DISYAKI RADANG PERITONEUM BERJANGKIT FELIN 

YANG DIKEMUKAKAN KE HOSPITAL VETERINAR UNIVERSITI, 

UNIVERSITI PUTRA MALAYSIA DARI TAHUN 2014 HINGGA 2016 

 

Oleh 

Jong Chee Zung 

2017 

Penyelia: Prof. MadyaDr. Hazilawati Hj. Hamzah 

Penyelia Bersama: Prof. MadyaDr. Goh Yong Meng 

Radang peritoneumberjangkit felin (FIP) adalah penyakit immunopatologi maut 

yang disebabkan oleh felin koronavirusbermutasi yangdijumpai dalam kedua-dua 

kucing liar dan jinak.Kini, kajian tempatan pada corak hematologi dan 

serumbiokimia parameter pada kucing FIP adalah amat terhad.Oleh itu, kajian ini 

dijalankan untuk menentukan corak hematologi dan serumbiokimia parameter pada 



© C
OPYRIG

HT U
PM

xi 
 

kucing yang disyaki FIP yang dikemukakan ke UVH, UPM dan juga untuk membuat 

perbandingan pada parameter tersebut antara FIP jenis basah dan FIP jenis 

keing.Rekod perubatan kucing yang disyaki FIP dengan sejarah dan latar belakang 

sertajumpaan klinikal dari tahun 2014 hingga 2016 telah dikaji dankriteria 

kemasukan tunggal adalah kucing yang diuji antibodi terhadap FCoV dengan 

menggunakan dot-ELISA, Biogal’s Immunocomb® Feline Coronavirus Antibody 

Test Kitdan mempunyai sederhana hingga tinggi positif FCoV titer antibodi (S3-S6). 

Data pesakit (umur, jantina dan baka), keputusan hematologi dan serum biokimia 

telah diperoleh. Antara 132 kucing yang disyaki FIP, 81.1% mempunyai 

hiperproteinemia, 88.6% mempunyai hiperglobulinemia, 97.7% mempunyai 

nisbahA:G ≤ 0.8 dan 46.2% mempunyai hipoalbuminemia dalam keputusan serum 

biokimia manakala 47.8% mempunyai neutrofilia dengan peralihan kiri, 44.7% 

mempunyai limfopenia, 41.7% mempunyai monositosis, 55.3% mempunyai 

eosinopenia, dan 31.8% mempunyai anemia yang tidak jana semula. Parameter 

seperti kiraan limfosit (P = 0.002), kiraan eosinofil (P = 0.009), jumlah protein (P = 

0.000), albumin (P = 0.000), globulin (P = 0.041), ALT (P = 0.016), ALP ( P = 0.025) 

dan creatinine (P = 0.047) didapati berbeza dangan nyata sekali antara FIP jenis 

kering dan FIP jenis basah. 

 

Kata Kunci: Radang peritoneumberjangkit felin, hiperproteinemia, 

hyperglobulinemia 

 



© C
OPYRIG

HT U
PM

xii 
 

 

ABSTRACT 

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

UPM in partial fulfilment for the course of VPD 4999- Final Year Project 

 

PATTERN OF HAEMATOLOGY AND SERUM BIOCHEMISTRY 

PARAMETERS IN CATS SUSPECTED OF FELINE INFECTIOUS 

PERITONITIS PRESENTED TO UNIVERSITY VETERINARY HOSPITAL, 

UNIVERSITI PUTRA MALAYSIA FROM THE YEAR 2014 TO 2016 

By 

Jong Chee Zung 

2017 

Supervisor: Assoc. Prof. Dr. Hazilawati Hj. Hamzah 

Co-supervisor: Assoc. Prof. Dr. Goh Yong Meng 

 

Feline Infectious Peritonitis (FIP) is a lethal immunopathological disease caused by 

mutated feline enteric coronavirus found in both wild and domesticated cats. There 

are limited local studies on the pattern of haematological and serum biochemical 

parameters in FIP cats. Thus, this study was conducted to determine the pattern of 

haematological and serum biochemical parameters in suspected FIP cats presented to 

UVH, UPM and also to compare these parameters between dry form and wet form 
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FIP. Medical records of cats suspected of FIP with compatible history and clinical 

signs admitted to UVH from year 2014 to 2016 were reviewed and the sole inclusion 

criterion was cats tested for FCoV antibody using dot-ELISA, Biogal‘s 

Immunocomb® Feline Coronavirus Antibody Test Kit with medium to high positive 

FCoV antibody titre (S3-S6). Data on signalment (age, sex and breed), haematology 

and serum biochemistry results were obtained. Among the 132 suspected FIP cats, 

81.1% had hyperproteinaemia, 88.6% had hyperglobulinaemia, 97.7% had A:G 

ratio≤ 0.8 and46.2% had hypoalbuminaemia, 47.8% had neutrophilia with left shift, 

44.7% had lymphopaenia, 41.7% had monocytosis, 55.3% had eosinopaenia, and 

31.8% had nonregenerative anaemia. Parameters such as lymphocyte count 

(P=0.002), eosinophil count (P=0.009), total protein (P=0.000), albumin (P=0.000), 

globulin (P=0.041), ALT (P=0.016), ALP (P=0.025) and creatinine (P=0.047) were 

found to be significantly different between dry form and wet form FIP. 

 

Keywords: Feline infectious peritonitis, hyperproteinaemia, hyperglobulinaem
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1.0 INTRODUCTION 

Feline Infectious Peritonitis (FIP) is a lethal immunopathological disease 

characterized as an immune-mediated pyogranulomatous vasculitis caused by 

mutated feline coronavirus (FCoV), known as feline infectious peritonitis virus 

(FIPV) which can be found in both wild and domesticated Felidae (Pedersen & 

Floyd, 1985; IDEXX, 2015). Its morbidity is low and barely surpasses 5% of 

infected cats despite the generally high prevalence of FCoV infection in the cat 

population, which can exceed 90% in multicat environment (reviewed by Pedersen, 

2009).  

Several studies reported FIP significantly more often in male cats (Rohrbach 

et al., 2001; Norris et al., 2005) and approximately 50% of FIP cats diagnosed 

worldwide are less than 2 years old with over representation of purebred cats (Norris 

et al., 2005). FIP isdivided into two distinct clinical forms which are dry form and 

wet form (Goodson et al., 2009). Wet form FIP is caused by complement-mediated 

vasculitis initiated by immune complex deposition in vessel walls while dry form 

FIP results when a cell-mediated immune response dominates and granulomas form 

in various organs (Pesteanu-Somogyi, 2005).  

Nonregenerative anaemia, neutrophilic leukocytosis, lymphopaenia and 

hyperproteinaemia are well-recognized haematological and serum biochemical 

findings in FIP (Jain, 1993; Pedersen, 1995). In Malaysia, there is limited study on 

the pattern of haematological and serum biochemical parameters in FIP cats. 
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Moreover, data regarding comparison of these parameters between dry form and wet 

form FIP cats are also lacking. Thus, this study was conducted with the following 

objectives:  

i. to determine the pattern of haematological and serum biochemical parameters 

in cats suspected of FIP presented to UVH, UPM  

ii. to compare the haematological and serum biochemical parameters in cats 

suspected of dry form and wet form FIP. 

Significant differences for certain parameters between dry form and wet form FIP 

might contribute to its diagnostic value. 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

26 
 

REFERENCES 

Addie, D. D., Toth, S., Murray, G. D., and Jarrett, O. (1995). Risk of feline 

infectious peritonitis in cats naturally infected with feline 

coronavirus. American journal of veterinary research, 56(4), 429-434. 

Addie, D. D. (2000). Clustering of feline coronaviruses in multicat households. The 

Veterinary Journal, 159(1), 8-9. 

Addie, D.D., and Jarrett, O. (2006).Feline coronavirus infections. In: Infectious 

Diseases of the Dog and Cat. Green CE, (Ed), 3
rd

 ed., St. Louis: Saunders 

Elsevier, pp. 88-102.  

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

Jones, T., ...and Marsilio, F. (2009). Feline infectious peritonitis.ABCD 

guidelines on prevention and management. Journal of Feline Medicine & 

Surgery, 11(7), 594-604. 

Barlough, J.E. and Stoddart, C. A. (1988).Feline infectious peritonitis.Vet Rep, 1(1), 

4-5.  

Breuer, W., Stahr, K., Majzoub, M., and Hermanns, W. (1998).Bone-marrow 

changes in infectious diseases and lymphohaemopoietic neoplasias in dogs and 

cats—a retrospective study. Journal of comparative pathology, 119(1), 57-66. 

Colitz, C. M. (2005). Feline uveitis: diagnosis and treatment. Clinical techniques in 

small animal practice, 20(2), 117-120. 

Dewerchin, H. L., Cornelissen, E., and Nauwynck, H. J. (2005).Replication of feline 

coronaviruses in peripheral blood monocytes. Archives of virology, 150(12), 

2483-2500. 

Duthie, S., Eckersall, P. D., Addie, D. D., Lawrence, C. E., and Jarrett, O. 

(1997).Value of alpha 1-acid glycoprotein in the diagnosis of feline infectious 

peritonitis. The Veterinary Record, 141(12), 299-303. 

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

feline infectious peritonitis among cats in multiple-cat environments with 

endemic feline enteric coronavirus. Journal of the American Veterinary 

Medical Association, 210(9), 1313-1318. 

Foley, J. E., Lapointe, J. M., Koblik, P., Poland, A., and Pedersen, N. C. (1998). 

Diagnostic features of clinical neurologic feline infectious peritonitis. Journal 

of Veterinary Internal Medicine, 12(6), 415-423. 

Giori, L., Giordano, A., Giudice, C., Grieco, V., and Paltrinieri, S. 

(2011).Performances of different diagnostic tests for feline infectious 

peritonitis in challenging clinical cases. Journal of Small Animal 

Practice, 52(3), 152-157. 



© C
OPYRIG

HT U
PM

27 
 

Goodson, T., Randell, S., and Moore, L. (2009).Feline infectious 

peritonitis. Compendium (Yardley, PA), 31(10), E1-8. 

Hartmann, K., Binder, C., Hirschberger, J., Cole, D., Reinacher, M., Schroo, 

S., ...and Hermanns, W. (2003). Comparison of different tests to diagnose 

feline infectious peritonitis. Journal of veterinary internal medicine, 17(6), 

781-790. 

Hartmann, K. (2005). Feline infectious peritonitis. Veterinary Clinics of North 

America: Small Animal Practice, 35(1), 39-79. 

Hayashi, T., Goto, N., Takahashi, R., and Fujiwara, K. (1977).Systemic vascular 

lesions in feline infectious peritonitis. Nihon juigaku zasshi.The Japanese 

journal of veterinary science, 39(4), 365-377. 

Herrewegh, A. A., Vennema, H., Horzinek, M. C., Rottier, P. J., and de Groot, R. J. 

(1995). The molecular genetics of feline coronaviruses: comparative sequence 

analysis of the ORF7a/7b transcription unit of different 

biotypes. Virology, 212(2), 622-631. 

Hohdatsu, T., Nakamura, M., Ishizuka, Y., Yamada, H., and Koyama, H. (1991).A 

study on the mechanism of antibody-dependent enhancement of feline 

infectious peritonitis virus infection in feline macrophages by monoclonal 

antibodies. Archives of virology, 120(3-4), 207-217. 

Jain, N.C. (1993). The plasma proteins, dysproteinemias, and immune deficiency 

disorders. In: Jain, N.C. (Ed.), Essentials of Veterinary Hematology, 4
th

 ed., 

Lea and Febiger, Philadelphia, PA, pp. 349-380. 

Kipar, A., Bellmann, S., Gunn-Moore, D. A., Leukert, W., Köhler, K., Menger, S., 

and Reinacher, M. (1999).Histopathological alterations of lymphatic tissues in 

cats without feline infectious peritonitis after long-term exposure to FIP 

virus. Veterinary microbiology, 69(1), 131-137. 

Kipar, A., Köhler, K., Leukert, W., and Reinacher, M. (2001). A comparison of 

lymphatic tissues from cats with spontaneous feline infectious peritonitis (FIP), 

cats with FIP virus infection but no FIP, and cats with no infection. Journal of 

comparative pathology, 125(2), 182-191. 

Kipar, A., May, H., Menger, S., Weber, M., Leukert, W., and Reinacher, M. (2005). 

Morphologic features and development of granulomatous vasculitis in feline 

infectious peritonitis. Veterinary Pathology Online, 42(3), 321-330. 

Kipar, A., and Meli, M. L. (2014). Feline infectious peritonitis: still an 

enigma?. Veterinary pathology, 51(2), 505-526. 

Kohn, B., Linden, T., and Leibold, W. (2006). Platelet-bound antibodies detected by 

a flow cytometric assay in cats with thrombocytopenia. Journal of feline 

medicine and surgery, 8(4), 254-260. 



© C
OPYRIG

HT U
PM

28 
 

Latimer, K.S. (2011). Feline infectious peritonitis. In: Duncan and Prasse‘s 

Veterinary Laboratory Medicine Clinical Pathology.  5
th

 ed., West Sussex, 

Wiley-Blackwell, pp. 400-401.  

Macneill, A. L. (2016). Evaluation of available diagnostic techniques for feline 

infectious peritonitis. Advances in Small Animal Medicine and Surgery, 29(10), 

1-3. 

Montali, R. J., and Strandberg, J. D. (1972).Extraperitoneal lesions in feline 

infectious peritonitis. Veterinary pathology, 9(2), 109-121. 

Norman, E. J., Barron, R. C., Nash, A. S., and Clampitt, R. B. (2001). Prevalence of 

low automated platelet counts in cats: comparison with prevalence of 

thrombocytopenia based on blood smear estimation. Veterinary Clinical 

Pathology, 30(3), 137-140. 

Norris, J. M., Bosward, K. L., White, J. D., Baral, R. M., Catt, M. J., and Malik, R. 

(2005). Clinicopathological findings associated with feline infectious 

peritonitis in Sydney, Australia: 42 cases (1990–2002). Australian veterinary 

journal, 83(11), 666-673. 

Olsen, C. W., Corapi, W. V., Jacobson, R. H., Simkins, R. A., Saif, L. J., and 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. 

Paltrinieri, S., Cammarata, M. P., Cammarata, G., and Comazzi, S. (1998). Some 

aspects of humoral and cellular immunity in naturally occuring feline 

infectious peritonitis. Veterinary immunology and immunopathology, 65(2), 

205-220. 

Paltrinieri, S., Grieco, V., Comazzi, S., and Parodi, M. C. (2001). Laboratory profiles 

in cats with different pathological and immunohistochemical findings due to 

feline infectious peritonitis (FIP). Journal of Feline Medicine and 

Surgery, 3(3), 149-159. 

Paltrinieri, S., Comazzi, S., Spagnolo, V., and Giordano, A. (2002). Laboratory 

changes consistent with feline infectious peritonitis in cats from multicat 

environments. Journal of Veterinary Medicine Series A, 49(10), 503-510. 

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

peritonitis. American journal of veterinary research, 37(12), 1449-1453. 

Pedersen, N.C., Boyle, J.F., Floyd, K., Fudge, A., and Barker, J. (1981).An enteric 

coronavirus infection of cats and its relationship to feline infectious 

peritonitis.American journal of veterinary research, 42, 368-377. 

Pedersen, N. C. (1983). Feline infectious peritonitis and feline enteric coronavirus 

infections. 2. Feline infectious peritonitis [Cats]. Feline Practice, 13, 5-20. 



© C
OPYRIG

HT U
PM

29 
 

Pedersen, N. C., and Black, J. W. (1983).Attempted immunization of cats against 

feline infectious peritonitis, using avirulent live virus or sublethal amounts of 

virulent virus. American journal of veterinary research, 44(2), 229-234. 

Pedersen, N. C., and Floyd, K. (1985).Experimental studies with 3 new strains of 

feline infectious peritonitis virusFIPV-UCD2, FIPV-UCD3, AND FIPV-

UCD4. Compendium on Continuing Education for the Practicing 

Veterinarian, 7(12), 1001-1011. 

Pedersen, N.C. (1995a). The history and interpretation of feline coronavirus 

serology.Feline Practice, 23, 46-51.  

Pedersen, N.C. (1995b). An overview of feline enteric coronavirus and infectious 

peritonitis virus infections. Feline Practice, 23, 7-20. 

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

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

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. (2014). An update on feline infectious peritonitis: diagnostics and 

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

Pedersen, N. C., Liu, H., Gandolfi, B., and Lyons, L. A. (2014). The influence of age 

and genetics on natural resistance to experimentally induced feline infectious 

peritonitis. Veterinary immunology and immunopathology, 162(1), 33-40. 

Pedersen, N. C., Eckstrand, C., Liu, H., Leutenegger, C., and Murphy, B. 

(2015).Levels of feline infectious peritonitis virus in blood, effusions, and 

various tissues and the role of lymphopenia in disease outcome following 

experimental infection. Veterinary microbiology, 175(2), 157-166. 

Pesteanu-Somogyi, L. D., Radzai, C., and Pressler, B. M. (2006). Prevalence of 

feline infectious peritonitis in specific cat breeds. Journal of Feline Medicine 

& Surgery, 8(1), 1-5. 

Richards, J. R., Elston, T. H., Ford, R. B., Gaskell, R. M., Hartmann, K., Hurley, K. 

F., ...and Schultz, R. D. (2006). The 2006 American association of feline 

practitioners feline vaccine advisory panel report. Journal of the American 

Veterinary Medical Association, 229(9), 1405-1441. 

Riemer, F., Kuehner, K. A., Ritz, S., Sauter-Louis, C., and Hartmann, K. (2016). 

Clinical and laboratory features of cats with feline infectious peritonitis–a 

retrospective study of 231 confirmed cases (2000–2010). Journal of feline 

medicine and surgery, 18(4), 348-356. 

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

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



© C
OPYRIG

HT U
PM

30 
 

examined at veterinary medical teaching hospitals. Journal of the American 

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

Rohrer, C., Suter, P.F., and Lutz, H. (1994). The diagnosis of feline infectious 

peritonitis (FIP): a retrospective and prospective study. European Journal of 

Companion Animal Practice, 4, 23-29. 

Schmidt, S. (2015). Top 5 Leukogram Patterns. Clinician’s Brief, 14-16. 

Schuurs, A. H. W. M., and Verheul, H. A. M. (1990).Effects of gender and sex 

steroids on the immune response. Journal of steroid biochemistry, 35(2), 157-

172. 

Scott, F.W., Copari, W.V., and Olsen, C.W. (1995).Antibody-dependent 

enhancement of feline infectious peritonitis.Feline Practice, 23, 77-80.  

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

A. (2010). Review Article, Diagnostic Methods for Feline Coronavirus: A 

Review. Veterinary Medicine International Article ID 809480, 7 pages. 

Sparkes, A. H., Gruffydd-Jones, T. J., and Harbour, D. A. (1991). Feline infectious 

peritonitis: a review of clinicopathological changes in 65 cases, and a critical 

assessment of their diagnostic value. The Veterinary Record, 129(10), 209-212. 

Tekelioglu, B. K., Berriatua, E., Turan, N., Helps, C. R., Kocak, M., and Yilmaz, H. 

(2015).A retrospective clinical and epidemiological study on feline coronavirus 

(FCoV) in cats in Istanbul, Turkey. Preventive veterinary medicine, 119(1), 

41-47. 

Tsai, H. Y., Chueh, L. L., Lin, C. N., and Su, B. L. (2011). Clinicopathological 

findings and disease staging of feline infectious peritonitis: 51 cases from 2003 

to 2009 in Taiwan. Journal of Feline Medicine & Surgery, 13(2), 74-80. 

White, C., and Reine, N. (2009). Feline nonregenerative anemia: Pathophysiology 

and etiologies. Compendium Continuing Education for Veterinarians, 31, E1-

E7. 

Wolf, A. (1997). Feline infectious peritonitis.Part 2.Feline Practice, 25, 24-28. 

Wolfe, L. G., and Griesemer, R. A. (1966).Feline infectious peritonitis. Pathologia 

veterinaria, 3(3), 255-270. 

Worthing, K. A., Wigney, D. I., Dhand, N. K., Fawcett, A., McDonagh, P., Malik, R., 

and Norris, J. M. (2012). Risk factors for feline infectious peritonitis in 

Australian cats. Journal of feline medicine and surgery, 14(6), 405-412. 

 

 

 




