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Infectious bursal disease (IBD) is caused by IBD virus (IBDV), a highly infectious 

lymphotropic virus that induces cytocidal effect on B lymphocytes of bursa 

Fabricius. Hence, the disease has been considered to have the most impact due to its 

immunosuppressive effects in young birds. However, the effects of the virus on non 

B lymphocytes functions and secretion of cytokines and chemokines are poorly 

characterized. On the other hand, Newcastle disease virus (NDV) is a highly 

infectious virus, which contributed to the major causes of economic losses in poultry 

industry. The virus can be different into several genotypes, however, velogenic NDV 

are of genotypes V, VI, VII, VIII and X. Hence, understanding IBDV and NDV 

immunoregulation on the host immune system will provide valuable information to 

define the immunopathology of the respective viruses.   

 

In this study, immunophenotyping of lymphocytes and productions of cytokines and 

chemokines expression were analysed by using flow cytometry and GeXP/real-time 

PCR assays, respectively, in order to understand the roles of B, T cells and 
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macrophages during IBDV and NDV infections.  Based on in vitro study, very 

virulent IBDV strain UPM0081 was detected in monocytes-macrophage cell line, 

HD11 cells as early as 6 hours post-infection. On the other hand, ConA-C1-Vick, a 

chicken CD4+ and CD8+ T cell line was not responding against IBDV infection in 

vitro. In vitro cytocidal effect of IBDV towards HD11 cell line showed evidence of 

apoptosis where 6% of cells undergo early apoptosis at 24 hours followed by 11% of 

cells undergo late apoptosis. Up-regulation of pro-inflammatory related 

cytokines/chemokines and other related genes such as CXCLi1, CXCLi2, CCL4, 

IL12α, IL-18, IL-1β, iNOS, TLR-3 and MHCI were detected in IBDV infected HD11 

cell line. In the in vivo study, vvIBDV (UPM0081) was detected in both spleen and 

bursa as early as day 2 post-infection in specific-pathogen-free (SPF) chickens based 

on PCR detection. However, infiltration of Kul1+ macrophages population in spleen 

and bursa was different. Expressions of cytokines, chemokines and other immune-

related genes in both spleen and bursa were compared in this study to understand the 

pathogenesis of vvIBDV infection. IL-10, an anti-inflammatory cytokine that 

commonly expressed by macrophage, was down-regulated in HD11 cells but no 

significant changes were detected in the bursa and spleen of the infected chicken 

throughout the study. Unlike constant increase of IL-6, IL-12α, and iNOS in bursa, 

highest level of IL-6 and IL-12α were found in spleen at day 2 days post-infections 

while iNOS was recorded with highest expression in spleen at day 3 post-infection. 

Added to this, IL-8 (CXCLi2) and IL-18 recorded the highest level of expression in 

day 3 and day 2 post-infection, respectively, in both bursa and spleen. 

In the case of NDV, immunoregulation of velogenic NDV genotype VII (IBS002) 

and VIII (AF2240) on chicken macrophages, B and T lymphocytes during the acute 

stage of the respective virus infection in SPF chickens was characterized. Both NDV 
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genotypes induced drastic reduction of CD4+ and CD8+ T lymphocyte and associated 

with infiltration of macrophage in spleen at day 3 post-infection.  The depletion of 

the T lymphocytes is probably through the process of apoptosis since 37% and 39% 

of ConA-C1-Vick cells undergo apoptosis at 24 and 48 hours post-infection, 

respectively. In addition, gene expression profiles showed an up-regulation of CCL4, 

CXCLi1, CXCLi2, IFN-γ, IL12α, IL-18, IL-1β, IL-6, iNOS, TLR-7, MHCI, IL-17F 

and TNFSF13β (p<0.05). However, both genotypes show different expression 

patterns where IBS002 caused a more rapid up-regulation of CXCLi2, IFN-γ, IL12α, 

IL-18, IL-1β, iNOS and IL-10 at 3 days post-infection (DPI), meanwhile the 

expression of CCL4, CXCLi1, IFN-γ, IL-12α, IL-1β and iNOS genes were 

significantly higher in AF2240 compared to IBS002 at 4 DPI.  In addition, the 

expression of IL-10 was significantly higher in IBS002 infected chickens at 3 and 4 

DPI compared to AF2240 infected chickens. Hence, infection with velogenic 

genotype VII and VIII NDV induce cytokines and chemokines associated with 

inflammatory reactions. Both the expressions of IFN-γ and CXCLi2 transcripts were 

up-regulated in CD4+ T cells of AF2240 and IBS002 infected chickens. However, 

IBS002 showed significantly higher up-regulation of CXCLi2 at day 1 and 3 post-

infection compared to AF2240. Furthermore, the up-regulation of IL-18 was readily 

detectable in IBS002 infected CD4+ T cells at day 1 post-infection. In conclusion, the 

current study demonstrated the differences in the immunophenotyping of B, T and 

macrophage populations as well as the expressions of cytokines, chemokines and 

immune-related genes expression in chickens infected with different genotypes of 

velogenic NDV strains and vvIBDV. The findings from this study are of valuable 

information for future study in understanding the immunopathology of the respective 

virus infection and vaccine –induced immunity. 
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Penyakit bursa berjangkit (IBD) adalah disebabkan oleh virus IBD (IBDV), virus 

limfotropik yang sangat berjangkit yang mengaruh kesan sitosidal pada limfosit B 

dalam bursa Fabricius. Oleh sebab itu, penyakit ini telah dianggap sebagai penyakit 

yang mempunyai impak yang besar ke atas ayam muda akibat daripada kesan 

imunotindasan. Walau bagaimanapun, kesan virus ke atas fungsi limfosit bukan B 

dan rembesan sitokin dan kemokin tidak dikaji dengan teliti. Manakala, virus 

penyakit sampar (NDV) adalah virus sangat berjangkit yang telah menyebabkan 

kerugian ekonomik yang besar kepada industri poultri. Virus ini boleh 

diklasifikasikan kepada beberapa genotip, namun, NDV velogenik adalah tergolong 

dalam genotip V, VI, VII, VIII dan X. Oleh sebab itu, pemahaman berkenaan 

imunoregulasi IBDV dan NDV terhadap sistem imun perumah dapat memberikan 

maklumat penting dalam menentukan imunopatologi virus berkenaan. 

 

Dalam kajian ini, imunofenotip limfosit dan penghasilan ekspresi sitokin dan 

kemokin telah dinilai menggunakan kaedah aliran sitometri dan GeXP/PCR masa-
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nyata, masing-masing, untuk memahami peranan sel B, T dan makrofaj semasa 

jangkitan IBDV and NDV. Berdasarkan kajian in vitro, IBDV sangat virulen 

(vvIBDV) strain UPM0081 dapat dikesan dalam sel titisan monosit-makrofaj, sel 

HD11 seawal 6 jam selepas jangkitan. Manakala, sel titisan T CD4+ dan CD8+ ayam, 

ConA-C1-Vick tidak bertindak balas terhadap jangkitan in vitro IBDV. Kesan 

sitosidal in vitro IBDV terhadap sel titisan HD11 menunjukkan berlakunya apoptosis 

di mana 6% daripada sel mengalami apoptosis awal pada 24 jam diikuti dengan 11% 

daripada sel yang mengalami apoptosis lewat. Peningkatan kawal-atur sitokin dan 

kemokin berkaitan pro-keradangan dan gen lain yang berkaitan seperti CXCLi1, 

CXCLi2, CCl4, IL12α, IL-18, IL-1β, iNOS, TLR-3 dan MHCI dikesan dalam sel 

titisan HD11 yang dijangkiti IBDV. Dalam kajian in vivo, IBDV dapat dikesan 

dalam limpa dan bursa seawal 2 hari selepas jangkitan vvIBDV (UPM0081) pada 

ayam bebas patogen khusus (SPF). Namun, penyusupan populasi makrofaj Kul1+ 

dalam limpa dan bursa adalah berbeza dalam kajian ini. Ekspresi sitokin, kemokin 

dan gen berkaitan imun yang lain dalam limpa dan bursa dibandingkan dalam kajian 

ini untuk memahami patogenesis jangkitan vvIBDV. Walau bagaimanapun, hanya 

ekspresi TLR-3 dan TLR-7 menurun pada hari ke-3 selepas jangkitan pada limpa dan 

bursa. Dalam kajian ini, IL-10 sitokin anti-inflamasi yang biasanya dirembeskan oleh 

makrofaj, menurun ekspresinya dalam sel HD11 tetapi tiada perubahan ketara pada 

bursa dan limpa ayam selepas jangkitan. Kesan ini boleh menjejaskan fungsi sel B 

dalam limpa dan juga bursa yang dijangkiti IBDV. Penyusupan makrofaj ke dalam 

bursa diperhatikan pada hari ke-4 selepas jangkitan. Berbeza dengan peningkatan 

yang berterusan IL-6, IL-12α, dan iNOS dalam bursa, tahap tertinggi IL-6 dan IL-

12α ditemui dalam limpa pada hari ke-2 selepas jangkitan manakala iNOS dicatatkan 

dengan rembesan tertinggi dalam limpa pada hari ke-3 selepas jangkitan. Tambahan 
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pula, IL-8 (CXCLi2) dan IL-18 masing-masing mencatatkan tahap rembesan 

tertinggi pada hari ke-2 dan ke-3 selepas jangkitan, masing-masing dalam limfa dan 

bursa. 

 

Dalam kes NDV, imunregulasi NDV velogenik  genotip VII (IBS002) dan VIII 

(AF2240) pada makrofaj, limfosit B dan T ayam semasa jangkitan akut virus tersebut 

dalam ayam SPF telah dicirikan. Kedua-dua genotip NDV mengaruh penurunan 

drastik limfosit CD4+ dan CD8+ dan berkaitan dengan penyusupan makrofaj dalam 

limfa pada hari ke-3 selepas jangkitan. Punca utama susutan limfosit T mungkin 

disebabkan oleh proses apoptosis kerana NDV menyebabkan 37.1% dan 39% sel 

ConA-C1-Vick mengalami apoptosis pada 24 dan 48 jam selepas jangkitan. 

Tambahan lagi, profil ekspresi gen menunjukkan peningkatan kawal-atur CCL4, 

CXCLi1, CXCLi2, IFN-γ, IL12α, IL-18, IL-1β, IL-6, iNOS, TLR-7, MHCI, IL-17F 

dan TNFSF13β (p <0.05). Walau bagaimanapun, kedua-dua genotip menunjukkan 

corak ekspresi yang berbeza di mana IBS002 menyebabkan peningkatan kawal-atur 

CXCLi2, IFN-γ, IL12α, IL-18, IL-1β, iNOS dan IL-10 menjadi lebih tinggi pada 3 

hari selepas jangkitan (DPI), manakala, ekspresi daripada CCL4, CXCLi1 , IFN-γ, 

IL-12α, IL-1β dan iNOS adalah lebih tinggi pada AF2240 jika dibandingkan dengan 

IBS002 pada 4 DPI. Di samping itu, ekspresi IL-10 adalah jauh lebih tinggi dalam 

ayam yang dijangkiti IBS002 pada hari ke-3 dan ke-4 selepas jangkitan. Oleh itu, 

jangkitan dengan genotip velogenik VII dan VIII NDV mengaruh sitokin dan 

kemokin yang berkait rapat dengan tindak balas keradangan. Ekspresi kedua-dua 

transkrip IFN-γ dan CXCLi2 pada sel subset T CD4+ meningkat kawal-aturnya 

dalam ayam yang dijangkiti AF2240 dan IBS002. Walau bagaimanapun, IBS002 

menunjukkan kawal-atur CXCLi1 tinggi yang ketara pada hari pertama dan ketiga 
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selepas jangkitan jika dibandingkan dengan AF2240. Tambahan pula, kawal-atur IL-

18 mudah dikesan dalam sel T CD4+ yang dijangkiti dengan IBS002 pada hari 

pertama selepas jangkitan. Secara kesimpulan, kajian ini menunjukkan perbezaan 

pada imunofenotip populasi makrofaj, B dan T serta ekspresi sitokin, kimokin dan 

gen lain berkaitan imun dalam ayam yang dijangkiti genotip velogenik berlainan 

NDV dan vvIBDV. Penemuan kajian ini membawa kepada maklumat berguna untuk 

kajian masa hadapan dalam kefahaman imunopatologi jangkitan virus  tersebut dan 

keimunan aruhan vaksin. 
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CHAPTER 1 

 

INTRODUCTION 

 

Infectious bursal disease virus (IBDV) and Newcastle disease virus (NDV) are 

among the highly infectious virus of chickens, which contribute to the major causes 

of economic losses in poultry industry. IBDV is a bisegmented, double stranded 

RNA virus that belongs to the family Birnaviridae. IBDV infection associated with 

acute infection in susceptible birds that often associated with severe 

immunosuppression. Both classical and virulent strains of IBDV are able to infect 

IgM+ B lymphocytes. However, a study conducted by Rauf et al. (2011b) showed 

that classical IBDV (cIBDV) produced more prominent bursal damage and caused 

infiltration of T cells and inflammatory response compared to variant (vIBDV). The 

same study illustrated that expression of IFN-α, IFN-β, IL-6 and iNOS differ in 

cIBDV and vIBDV infected bursas. Moreover, expression of chemokines such as 

CXCLi2 and MIP-α was higher in cIBDV, indicating that bursal lesions, infiltration 

of T cells and expression of different cytokines varies in different strains of IBDV 

infected chickens. Ruby et al. (2006) studied the changes in gene expression in bursa 

of genetically resistant and sensitive inbred lines of SPF chickens by means of 

microarray, where the gene expressions for inflammatory, proinflammatory and 

chemokines genes were different in both lines following infection with classical 

strain of IBDV. 
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During the acute phase, replicating of virus in different tissues especially in the bursa 

of Fabricius causes extensive destruction of bursal follicles (Tanimura and Sharma, 

1997) resulting in diminution of circulating IgM+ B cells  (Hirai et al., 1981; 

Rodenberg et al., 1994). Influx of T cells is another phenomenon in infected bursa 

(Kim et al., 1999; Kim et al., 2000; Sharma et al., 2000; Tanimura and Sharma, 

1997). Although IBDV causes activation and proliferation of bursal T cells, there are 

evidence indicating that T cells are not target of infection and replication by IBDV 

(Kim et al., 2000).  However, numerous studies have indicated that macrophages and 

monocytes are susceptible to infection with IBDV (Burkhardt and Müller, 1987; 

Inoue et al., 1992; Käufer and Weiss, 1976; Käufer and Weiss, 1980; Komine et al., 

1989; Müller, 1986).  

 

Previous studies have indicated that IBDV up-regulates expression of Th1-like and 

proinflammatory cytokines such as IFN-γ, IL-18, IL-1β and IL-6 in bursa 

(Eldaghayes et al., 2006). Additionally, IBDV increase the expression level of IFN-γ 

in infected spleens (Khatri and Sharma, 2008). Regardless of previous studies that 

have been conducted to understand the functions of macrophages in pathogenesis of 

IBD, there is still lack of information on the effects of vvIBDV interaction with 

macrophages and T cells.  Moreover, this study intended to examine various 

cytokines, chemokines and other immune-related genes during in vitro and in vivo 

IBDV infections in transformed chicken macrophage-like cell line (HD11), 

transformed chicken T cell line (ConA-C1-Vick) and specific-pathogenic-free (SPF) 

chickens.  
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Newcastle disease (ND) is an infectious, highly contagious and pathogenic avian 

viral disease caused by a paramyxovirus. Since 1960 the majority of virulent NDV 

circulating throughout the world are of genotypes V, VI, VII, VIII and X (Miller et 

al., 2010). Since 2000 until present, genotype VII is the predominant NDV strains 

circulating in various parts of the world (Aldous et al., 2003; Wang et al., 2006). In 

addition, the majority of the outbreaks are reported in NDV vaccinated flocks. 

Studies have been carried out to determine the possible factors contributed to the 

ability of the virus to break vaccine-induced immunity. 

 

Previous studies have illustrated that NDV induces up-regulation of various 

cytokines such as IFN- γ, IL-6 and iNOS in spleen (Ecco et al., 2011; Rue et al., 

2011). Moreover, in vitro studies have illustrated that NDV can cause an up-

regulation of IFN-β which is an antiviral interferon (Krishnamurthy et al., 2006). It 

has been also stated that NDV can increase the expression level of IL-16, IL-18, 

IFN-γ and IFN-α in peripheral blood of chickens (Liu et al., 2012). However, the 

interaction of virulent NDV with different lymphocytes and cytokine responses are 

still unclear. Understanding the interaction of virulent IBDV and NDV with different 

immune cells and the ability of the respective viruses to regulate the chicken immune 

system will provide valuable information to define the molecular immunopathology 

of NDV and IBDV associated diseases. 

The hypotheses of this study are: Very virulent IBDV able to activate and 

differentially regulate the lymphocyte-monocyte populations in bursa and spleen of 

infected specific-pathogen-free (SPF) chickens that associated with up-regulation of 

proinflammatory related cytokines and chemokines. Second hypothesis is different 
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genotypes of velogenic NDV differentially modulated lymphocyte-monocyte 

responses and proinflammatory cytokine expressions in spleen of infected SPF 

chickens. 

Hence, the objectives of this study were: 

a)  to develop a quantitative multiplex GeXP assay that is able to detect chicken 

cytokines, chemokines and other immune-related genes. 

b) to assess the ability of a very virulent strain of IBDV to infect non- B cell 

chicken cells (chicken monocyte/macrophage HDII cell line and ConA-C1-

Vick T cell line). 

c) to analyse the in vitro modulation effect of very virulent IBDV strain on 

cytokines, chemokines and other immune-related gene expressions of HD11 

cells. 

d) to evaluate the in vivo immunoregulatory effect of very virulent IBDV strain 

on different populations of lymphocytes and expression patterns of cytokines, 

chemokines and immune-related genes in the spleen and bursa of Fabricus of 

infected SPF chickens. 

e) to compare the in vivo immunoregulatory effect of two different genotypes of 

velogenic NDV, genotype VIII strain AF2240 and genotype VII strain 

IBS002 on different populations of lymphocytes and expression patterns of 

cytokines, chemokines and immune-related genes in the spleen of infected 

SPF chickens. 

f) to determine the expression of selected cytokines and chemokines from 

purified CD4+ splenic T cells obtained from SPF chickens infected with NDV 

strains AF2240 and IBS002.   
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