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The emergence of very virulent infectious bursal disease virus (vvIBDV) strains caused a 

devastating economic loss to the chicken industry in Malaysia in 1990. The recurrence of 

infectious bursal disease (IBD) outbreaks and vaccine failure occurred recently. It is very 

important to study the pathogenicity, immunogenicity and molecular characteristics of 

these vvIBDV isolates which are prerequisite before developing the IBD vaccine and 

testing it in the farms.  

 

In this study, UPM 93273 (passage 1 to 48 in chorio-allantoic membrane) was 

characterized by focusing on the hypervariable region of the VP2 protein. The UPM 

93273 isolate was selected among seven other isolates obtained  from  field  outbreaks  in  
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layer, broiler and indigenous (village) chickens in various areas in West Malaysia  during  

1993 to 1994. The sequence of the hv region was obtained following total RNA 

extraction from the wild type UPM 93273 and its different derivative passages.  The hv 

region was amplified by RT-PCR assay and cloned into pCR-TOPO cloning vector. The 

right clone harboring the hv fragment was selected by EcoRI restriction enzyme 

digestion. Finally the cloned fragment was sequenced. The nucleotide and the deduced 

amino acid sequence alignment and analysis was carried out by using the Bio-Edit 

software. As a result, markers for very virulent IBDV strain were found in UPM 93273 

isolate (wild type to passage 48).  

  

The UPM 93273 was found to be very immunogenic but also highly pathogenic. The 

pathogenicity is reduced during the serial passages in embryonated SPF chickens at 

passage 31. The passage 31 (P31) of UPM 93273 isolate provided protection against the 

challenge virus with some degree of bursal atrophy.  

 

An effective vaccine depends not only on the full attenuation and genetic stability of the 

virus strain but also on the route of vaccination. This latter was investigated to determine 

the immune response of the lymphoid organs against IBDV UPM 94283 strain. 

Ultrastructural, histopathological and immunohistochemistry studies showed that 

immunocompetent cells were present in the Harderian gland and were involved in the 

early and strong immune response against IBDV UPM strain administered via ocular 

route. Thus, this route  can  stimulate  the  lymphoid  cells  in  the  Harderian  gland,  and  
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support the proliferation  of  lymphoid  cells  in  the  bursa  before  the  virus  reaches  the  

primary target organs. In addition to this rapid immunogenic reaction, some  viruses  may  

drain into the oral cavity when administered via ocular route. As a result, these viruses 

can stimulate the intestinal lymphoid aggregates along the intestinal tract. 

 

As a conclusion, all of the serially passaged UPM 93273 isolate up to passage 48 was 

found to be still unstable and not sufficiently attenuated indicated by virulence markers 

which are still conserved. The decrease in the virulence and the pathogenicity seen in the 

serially passaged strain might be due to other unknown factors. Consequently the risk of 

reversion to the very virulent state is very high. The current numbers of passages are not 

sufficient and further passages are necessary in order for the virus to reach a fully 

attenuated and genetically stable state. 
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Kemunculan strain virus berbahaya dan mudah berjangkit penyebab penyakit Bursal 

(vvIBDV) telah menyebabkan kejatuhan ekonomi di dalam industri penternakan ayam di 

Malaysia pada 1990. Kemunculan kembali wabak penyakit berjangkit Bursal (IBD) dan 

ketidakberkesanan vaksin telah berlaku sejak akhir-akhir ini. Oleh itu, adalah penting 

kajian mengenai kepatogenen, keimunogenan dan cirri-ciri molekul pencilan vvIBDV ini. 

Ia juga prasyarat sebelum membangunkan vaksin IBD dan mengujinya di ladang. 

 

Dalam kajian ini, UPM 93273 (laluan 1 hingga 48 di membran krio-alantoik) yang telah 

dicirikan dengan memfokuskan pada kawasan pembolehubah-hiper protin VP2. Pencilan 

UPM 93273 telah dipilih di antara 7 pencilan lain yang diperolehi daripada kawasan 
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wabak pada ayam ‘penelur’, ‘pedaging’ dan kampung di seluruh kawasan di Malaysia 

Barat  pada  1993-1994.  Jujukan  kawasan  hv  didapati  daripada  pengekstrakan  jumlah 

RNA daripada jenis liar UPM 93273 dan daripada laluan yang lain. Kawasan hv 

diamplikasikan oleh esei RT-PCR dan diklonkan kedalam vector pengklonan PCR-

TOPO. Klon yang betul den mengandungi pecahan hv telah dipilih melalui penghadaman  

enzim terhad Eco RI. Akhirnya pecahan yang telah diklonkan itu, telah dijujukan. 

Analisa dan persamaan jujukan telah dijalankan ke atas nukleotida dan asid amino 

menggunakan perisian BIO edit. Keputusannya, penunjuk bagi stren vvIBDV telah 

dijujukan di pencilan UPM 93273 (jenis liar kepada laluan 48).  

 

UPM 93273 telah ditemui sebagai amat imunogenik dan juga sangat patogenik. 

Kepatogenan telah dikurangkan semasa laluan jujukan ke atas ayam SPF yang telah 

diembriokan pada laluan 31. Pencilan laulaun 31 (P31) UPM 93273 telah memberi 

perlindungan terhadap virus tersebut dengan darjah atropi bursal tertentu.  

 

Keberkesanan suatu vaksin bukan sahaja bergantung kepada attenuasi penuh dan 

kestabilan genetic stren virus itu tetapi juga pada aliran vaksinasi. Ia kemudiannya 

diselidiki untuk menentukan rangsangan imun organ limfoid menentang IBDV UPM 

94283. Kajian ‘ultrastruktur’, hispatological dan kimiaimunohisto telah menunjukkan sel 

saingan imuno hadir di dalam kelenjar Hardain dan terlibat pada awalan dan rangsangan 

imuno ke atas stren IBDV UPM yang dimasukkan melalui laluan ocular. Oleh itu laluan 

ini boleh merangsang sel limfoid didalam kelenjar hardain dan menggalakan 

pertumbuhan sel limfoid di dalam bursa sebelum virus menceroboh organ tuju primer. 
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Selain daripada tindakbalas pantas imunogenik, sebahagian virus mungkin masuk 

kedalam kawasan mulut melalui laluan okular. Keputusanya, virus ini boleh merangsang 

agregasi limfoid usus di sepanjang talian usus. 

 

Kesimpulannya, kesemua pencilan UPM 93273 yang dilalu-sirikan sehingga ke laluan 48 

didapati masih tidak stabil dan kurang diatenuasikan ditunjukkan oleh penunjuk 

kebahayaan yang masih dilindungi. Penurunan tahap kebahayaan dan patogenisiti 

mungkin disebabkan oleh faktor yang tidak dikeahui. Sehubungan itu, risiko pembalikan 

kepada tahap bahayatinggi adalah besar. Bilangan laluan yang sedia ada tidak mencukupi 

dan laluan setrusnya adalah perlu untuk virus ini mencapai atenuasi penuh dan dalam 

keadaaan genetik yang stabil. 

 

 

 

 

 

 

 

 

 

 

 

 
            

 viii



ACKNOWLEDGEMENTS 
 
 

 I am obliged to express my most immense gratitude to my chairperson, Professor 

Dr. Aini Ideris for her corrective guidance, constant moral encouragement, inexhaustible 

reconstruction of my streusels and giving me time out of her hectic schedules. Without 

her kind help, it won't be reached to finish-up stage. Again, her kind help is like 

reincarnation of my student life which will ever be remembered.  

 

 Sincere thanks are also conveyed to my supervisory committee member, Prof. Dr. 

Abdul Rani  Bahaman for his advice, helpful discussion and comments.  

 

 Special thanks deserve to Assoc. Professor Dr. Noordin M. Mustapha to his 

thorough review, restorative reconstruction of the pathology respects of my thesis, 

teaching me his ways of analysis, invaluable comments and inch by inch guidance. With 

his kind and patient help, my Ph.D. thesis became materialized to this stage. 

 

 I owed special thanks to Assoc. Prof. Dr. Abdul Rahman Omar for his ever 

willing help, guidance, constructive and invaluable advises which kept me moving right 

way. 

 

I would like to acknowledge my memorable thanks to Tan Sri Prof. (retired) Dr. 

Syed Jalalludin, for his kind encouragement and help to salvage my study life during the 

crisis. 

 

Deep appreciation and gratitude deserve to Dato' Prof. Sheik Omar Abdul 

Rahman for his invaluable help whenever in urgency, moral support and encouragement. 

All of his help will never be forgotten. 

 

 My special thanks also go to chairperson of the examination committee, Prof. Dr. 

Mohd. Zamri Saad, Dean of the Faculty of Veterinary  Medicine,  the  internal  examiners  

 

 ix



Asso. Prof.  Dr.   Jasni   Sabri   and   Asso.  Prof.  Dr.  Siti  Suri  Arshad   for  their   detail  

examination reports, thorough corrections and comments. 

 

 My gratitude also owes to Prof. Dr. Jimmy Kwong, National University of 

Singapore for his valuable comments and suggestions for my thesis in 2-week- 

examination period. 

 

 Indeed, my deep appreciation and thanks to my husband, Ghrici Mohamed for his 

immeasurable help throughout my Ph.D. study especially on Molecular Virology. For his 

patience, sacrifices, encouragement and support are exceptional.  

 

 I would like to express my thanks to all teachers who have taught me since my 

primary school till now. My thanks also go to ex-supervisor Assoc. Prof. Dr. Mohd. Hair 

Bejo for his help in the early part of my study and providing the IBDV isolate. 

 

 My last but not least thanks to my beloved parents U Than and Daw Khin Yee 

Soe, my brothers: Dr. Ko Ko Gyi, Dr. Than Oo and Dr. Nay Aung Kyaw; my sisters: 

Thida Than, Theingi Than and Min Min Than and my cousin Zaw Zaw for their patience, 

love, support and understanding me during this lengthy period of study.  

 

 My sincere appreciation goes to my husband and my two little kids, Leena and 

Lounas for their love, patience and understanding. Special thanks to Thi Thi and Win; 

their helps are unforgettable.  

 

 

 

 

 
 
 
 
 

          

 x



 
This thesis submitted to the Senate of Universiti Putra Malaysia and has been accepted as 
fulfilment of the requirement for the degree of Doctor of Philosophy. The members of the 
Supervisory Committee are as follows: 
 
Aini Ideris , Ph.D. 
Professor 
Faculty of Veterinary Medicine 
Universiti Putra Malaysia 
(Chairperson) 
 
Abdul Rani Bahaman, Ph.D. 
Professor 
Faculty of Veterinary Medicine 
Universiti Putra Malaysia 
(Member) 
 
Noordin Mustapha, Ph.D. 
Associate Profesor 
Faculty of Veterinary Medicine 
Universiti Putra Malaysia 
(Member) 
 
Abdul Rahman Omar, Ph.D. 
Associate Profesor 
Faculty of Veterinary Medicine 
Universiti Putra Malaysia 
(Member)       
         

 
  _______________________________ 

      AINI IDERIS , Ph.D. 
Professor/ Dean 

      School of Graduate Studies  
      Universiti Putra Malaysia 
       
       
      Date: 28 November  2004   
      
 
 
            
 
 

 

 xii



 
 

DECLARATION 
 
 

I hereby declare that the thesis is based on my original work except for quotations and 
citations which have been duly acknowledged. I also declare that it has not been 
previously or concurrently submitted for any other degree at UPM or other institutions. 
 
 
 
 
 
 
 
 
 
          
            
         ______________________________________  

        THUZAR THAN @ HAFIZA HJ HASHIM 
      
 

   Date: 28 Nov 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                   

 xiii



 
TABLE OF CONTENTS 

 
 
           Page 
                    
 
DEDICATION         ii 
ABSTRACT          iii 
ABSTRAK          vi 
ACKNOWLEDGEMENTS        ix  
APPROVAL          xi 
DECLARATION         xiii 
LIST OF TABLES         xix 
LIST OF FIGURES         xx 
LIST OF PLATES         xxi 
LIST OF ABBREVIATIONS       xxvi 
 
 
CHAPTER           
 
   I INTRODUCTION        1 
    
   II  LITERATURE REVIEW       6 
 Infectious Bursal Disease Virus      6 
  Classification        6 
  Morphological Characteristics     7 
  Physico-Chemical Characteristics     7 
  Genome Structure       8 
  Protein Composition       9 
  Antigenic and Virulence Variations     11 
  Mechanism of Viral RNA Evolution     15 
 Harderian Gland        19 
  Anatomy of Harderian Gland      19 

Histology of Harderian Gland      20 
Functions of Harderian Gland      21 

  Ultrastructure of Harderian Gland     21 
   The Connective Tissue Capsule     21 
   The duct of Harderian Gland     21 
   Epithelium       22 

Immunology of Harderian Gland     24 
 Bursa of Fabricius        26 
 Other Secondary Lymphoid Organs      27 
 Thymus         27 
 Gut-Associated Lymphoid Tissue      27 
             

 xiv



 
 Spleen          28 

Replication         28 
 Pathogenesis         30 

Route of Inoculation         33 
Economic Loss        34 

 Control of IBD        35 
Vaccine         35 
Viral Immunosuppression       39 

 
 
III THE PATHOGENICITY AND IMMUNOGENICITY OF LOCAL FIELD 

ISOLATE OF INFECTIOUS BURSAL DISEASE VIRUS IN SPF 
CHICKENS 
 
Introduction         43 
Materials and Methods       46 
 Infectious Bursal Disease Virus     46 

History of Vaccine Candidate      46 
History of Challenge Virus      47 

 Reference Strain       47 
Attenuation of IBDV in SPF ECE via CAM    47 
Experimental Chickens      50 
Experimental Design       50  
 IBDV Inoculation      50 
 IBDV Challenge      50 
Lesion Scoring for Gross Pathology (BF)    50 
Histopathology       51 
 H & E Staining      51 
 Immunohistochemistry     51 
Enzyme Linked Immunosorbent Assay (IBDV Antibody Assay) 52 
Statistical Analysis       52 

 
 Results          53 
   Clinical Signs       53 

A. Data Before Challenged      53 
Body Weights       53 

   Control Chickens     53 
  Vaccinated Chickens     53 

  Bursal Weights      54 
   Control Chickens     55 
   Vaccinated Chickens     56  

   Bursa to Body Weight Ratio     56 
   Control Chickens     56 
   Vaccinated Chickens     56 

 

 xv



 
Gross Pathology      57 

   Vaccinated Chickens     57 
   Histopathology of Bursa of Fabricius    61 

   Group D (Non inoculated Control) Chickens  61 
   Inoculated Chickens     61 
    Days 2 post inoculation   64 

Days 3 and 4 post inoculation   67 
Days 6 and 8 post inoculation   69 

   Days 10, 12, 14 and 21 post inoculation 64 
  B. Data after Challenged      73 

 1. Non Vaccinated Non Challenged Chickens (Control) 73 
 2. Non Vaccinated Challenged Chickens (Dead Birds) 74 
 3. Vaccinated Non Challenged Chickens   74 
 4. Vaccinated Challenged Chickens    74 
Immunoperoxidase Staining      75 

  Immunogenicity of UPM 93273-P31 in SPF Chickens  78 
 Discussion         79 
 
 
   IV THE RESPONSE OF THE AVIAN LYMPHOID ORGANS OF THE 

CHICKEN AGAINST VERY VIRULENT INFECTIOUS BURSAL 
DISEASE VIRUS      
 
Introduction         84 
 
Materials and Methods       88 
 IBDV Inoculum       88 

Experimental Chickens      89 
Gross Lesions        89 
Histopathology       89 
Lesion Scoring for Histopathological Changes in Harderian  
Gland         89 
Lesion Scoring for Histopathological Changes in caecal 
Tonsil         91 
Lesion Scoring for Histopathological Changes in Spleen  92 
Lesion Scoring for Histopathological Changes in Thymus  93 
Immunoperoxidase Staining      94 
Transmission Electron Microscopic Examination   95 
Enzyme Linked Immunosorbent Assay    96 
Statistical Analysis       96 

 
 Results          97 
  Clinical Signs        97 
  Gross lesions        97 
 

 xvi



            
   Control Group       97 
   IBD Infected Group      97 
  Body Weights        100 
   Control Group       100 
   IBD Infected Group      100 
  Bursal Weights       100 
   Control Group       100 
   IBD Infected Group      100 
  Bursa to Body Weight Ratio      101 

Control Group       101 
IBD Infected Group      101 

Histology of Harderian Gland      101 
Control Group       101 
IBD Infected Group      101 

Histology of Bursa of Fabricius     105 
Control Group       105 
IBD Infected Group      105 

  Histology of Caecal Tonsil      109 
Control Group       109 
IBD Infected Group      109 

Histology of Spleen       109 
Control Group       109 
IBD Infected Group      109 

Histology of Thymus       110 
Control Group       110 
IBD Infected Group      110 

  Immunoperoxidase Staining      111 
   Harderian Gland      111 

Control Group      111 
IBD Infected Group     111 

   Bursa of Fabricius      111 
Control Group      111 
IBD Infected Group     111 

   Caecal Tonsil       113 
Control Group      113 
IBD Infected Group     113 

 Spleen        113 
Control Group      113 
IBD Infected Group     113 

Thymus       113 
Control Group      113 
IBD Infected Group     113 

  Transmission Electron Microscopic Examination   114 
   
 

 xvii



  Toluidine Blue Staining -Harderian Gland    114 
   -Bursa of Fabricius    114 

  Ultrastructural Changes of the Harderian Gland   114 
  Ultrastructural Changes of the Bursa of Fabricius    127 
  IBD Antibody Titer       131 

 
Discussion         132 

    
    

V ANALYSIS OF GENETIC VARIATION OF CENTRAL VARIABLE 
REGION OF  VP2 IBDV DURING THE ATTENUATION PROCESS IN 
SPF EMBRYONATED CHICKEN EGGS      

  
 Introduction         141 
  

Materials and Methods       146 
  IBD Virus, Adaptation and Attenuation    146 
  Sample Processing and RNA Extraction    146 
  Synthesis of First Strand Double Stranded cDNA and  

Amplification by RT-PCR      148 
Gel Electrophoresis       149 
Molecular Cloning of Amplified Products and Analysis 
of Recombinant Plasmid      149 
Small Scale Preparation of DNA Plasmid (MiniPrep)  150 
Restriction Enzyme Analysis      151 
Sequencing and Computer Analysis     152 
 

 Results          153 
  IBD Virus Adaptation and Attenuation    153 
  IBDV cDNA Amplification      154 
  Cloning and Analysis of Recombinant Plasmid   154 
  Sequence Analysis of the Central Variable Region of  

IBDV VP2 Gene       154 
 

Discussion         166 
 
 
VI GENERAL DISCUSSION AND CONCLUSION    175 
 
 
REFERENCES         185 
APPENDICES         203 
PUBLICATION         206 
BIODATA OF THE AUTHOR       207 

 

 xviii



LISTS OF TABLES 
 
 
Tables                    Page 
 
5.1. The effects of the attenuation of UPM 93273 by successive  passages 153 
 in SPF embryonated chicken eggs on various parameters. 
 
5.2 Different nucleotide residues between two local isolates and D78  158 

vaccine 
 

5.3 Different amino acid residues between two local isolates and  159 
 D78 vaccine  
 
5.4 Sequence (Nucleotide (A) and deduced Amino Acid (B)) differences 159  

of the VP2 central variable region between very virulent and attenuated 
strains 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           

 xix



LISTS OF FIGURES 
 
 
Figures                   Page 
 
1 The Body Weight of Inoculated and Control Chickens   54 
 
2 The Bursal Weight of Inoculated and Control Chickens   55 
 
3 The Body Weight Ratios of Inoculated and Control Chickens  56 
 
4 The Histological Lesion Scores of the Bursa in Inoculated and   71 

Control Chickens 
 
5 The IBDV Antibody Titer of Inoculated and Control Chickens  78 
 
6 IBDV RT-PCR products.        156 

7 Plasmid Digestion with Restriction Enzyme EcoRI    156 

8 Comparison of Nucleotide Sequence Alignment of Central    162 
 Variable Region of IBDV VP2 Gene from UPM 93273 (WT to P48)   
 to Other vvIBDV, Attenuated and Vaccine strains. 
 

9 Comparison of the Deduced Sequences of Amino Acid Residues   164 
of Central Variable Region of IBDV-VP2 of UPM 93273 (WT-P48)  
to other Published IBDV Strains. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

            

 xx



LISTS OF PLATES 
 
Plates            Page 
 
1 Breast muscle, group A. Mild petechial haemorrhages is seen in the 58 

Breast muscle at day 3 pi (arrow). 
 

2 Bursa of Fabricius, control group D. Normal appearance of bursa   58 
of Fabricius seen in uninfected bird 

 
3       Bursa of Fabricius. Control. Normal appearance of bursa of Fabricius  59 

of uninfected chicken in the control groups D at day 3 pi 
 
4       Bursa of Fabricius: Mild edematous and necrotic bursa of infected   59 

chicken in groups B and A at day 3 (score 1). 
 
5      Bursa of Fabricius, group A, C. Very prominent severe edematous   60 

BF covered with transudate that was seen in the chickens of groups  
A & C at day 3 pi 

 
6       Bursa of Fabicicius, group A: Infected bursa of fabricius covered   60 

with transudate, appeared glistenings and yellowish in groups A at day 4 pi. 
 
7       Bursa of Fabricius: uninfected control bursa of Fabricius which   62 

appeared normal (score 0/1) (H & E, X4) 
 
8       Bursa of Fabricius: day 1 pi. Group B. Mild edematous fluid   62 

accumulation in the interstitium and hyperaemia of the bursa.  
(H & E, X10) 

 
9       Bursa of Fabricius, day 1 pi, Group C: Mild oedema and slightly   63 

thickened interstitial connective tissue with mild inflammatory  
cell infiltration were evident (score 1) (H & E, X10) 

 
10       Bursa of Fabricius. Day 1 pi. Group A, Distinguishable  endothelial  63 

lining between cortex and medulla of bursal lymphoid follicles  
(score 1) (H & E, X20) 

 
11       Bursa of Fabricius, Day 2 pi Group A, Mild degeneration and necrosis  65 

were generalized. (score 2) (H &E,X10) 
 
12       Bursa of Fabricius. Day 2 pi, Group C. Multifocal haemorrhagic and  65 

necrotized follicles and hypertrophic epithelial lining were prominent  
(score 1.5) (H & E, X10) 

            
 

 xxi



13       Bursa of Fabricius, Day 4 pi Group A. Note the generalized severe   67 
necrosis. (score 4.75) (H &E,X10) 
 

14       Bursa of Fabricius. Day 4 pi, Group B: Multiple mild lymphoid   67 
necrosis in bursal follicles and hypertrophic epithelial lining with  
a few (score 3) (H & E, X10). 

 
15       Bursa of Fabricius, Day 6 pi Group B, Localized severe necrosis   69 

in some lymphoid follicles. (score 3.5) (H & E, X10). 
 
16      Bursa of Fabricius. Day 8 pi, Group B: More severe lymphoid necrosis  69 

in bursal follicles (score 3.75) (H & E, X4). 
 

17      Bursa of Fabricius, Day 8 pi. Group C (score 5) Numerous cystic   70 
lymphoid follicles leading to bursal atrophy (score 5) (H & E, X4) 

 
18       Bursa of Fabricius. Day 8 pi, Group A: Elongated bursal plicae with  70 

multiple cystic and vacuolated lymphoid follicles and irregular epithelium  
in infected bursa  (score 5) (H & E, X10). 

 
19       Bursa of Fabricius, Day 21 pi Group A. Atrophied bursal follicles with  72 

corrugated and cystic epithelium (score 5) (H & E, X4). 
 
20       Bursa of Fabricius. Day 21 pi, Group C: Shrunk bursa with    72 

hyperplastic fibroblasts and lymphoid cells (score 5) (H & E, X4). 
 
21       Bursa of Fabricius, Day 21 pi. Group B: Numerous cystic lymphoid  73 

follicles leading to bursal atrophy (score 1.5) (H & E, X4). 
 
22       Bursa of Fabricius. Day 4 pi, Group A: The brownish-stained IBDV  75 

antigen in the degenerated lymphoid follicles (X10) 
 
23       Bursa of Fabricius. Day 4 pi, Group C: Immunoperoxidase stained   76 

positive IBDV antigen in the cytoplasm of lymphoid cells (X20) 
 
24       Bursa of Fabricius. Day 4 pi, Group B: Very few Immunoperoxidase  76 

stained positive IBDV antigen in the interstitium of bursal lymphoid  
cells (X40). 

 
25      Bursa of Fabricius. Day 10 pi, Group A: Specific immunoperoxidase  77 

stained lymphoid cells mostly in the cortex of lymphoid follicles (X10). 
 
26      Bursa of Fabricius. Day 10 pi, Group C: I Immunoperoxidase stained  77 

positive IBDV antigen appeared in cortex of necrotized bursal lymphoid  
follicles of infected bursa of Fabricius (X10) 

            

 xxii



27       IBDV infected chicken; showing clinical signs of drowsiness,   98 
depression, subsequent anorexia, vertigo and trembling within day 1  
to day 5 prior to death. 

 
28 Ecchymotic haemorrhages at thigh muscles in infected bird at day 2 pi. 98 
 
29 Uninfected control and infected bursa at day 2 pi    99 
 
30        Bursa of Fabricius lesion showing severe necrotic bursa covered with  99 

exudate and petechial to ecchymotic haemorrhages. 
 
31       HG, 4 hr pi. Infected bird: Congested interstitium with proliferated   103 

lymphoid cells and a few plasma cells near acinar gland (X20). 
 
32        HG, 12 hrs pi. Infected bird: Highly congested subepithelial area with  103 

distorted epithelium (X20). 
 
33       Bursa of Fabricius, control: apparently normal uninfected bursa   107 

(H & E, X4). 
 
34       Bursa of Fabricius, infected birds, day 2 pi: Severely edematous and  107 

necrotized bursal follicles with intrafollicular cysts and heavily infiltrated  
inflammatory cells in interstitial connective tissue ( H & E, X10). 

 
35       Bursa of Fabricius, infected birds, day 4 pi: Multifocal severe necrosis  108 

and multiple vacuolated bursal lymphoid follicles with corrugated  
epithelium (H & E, X20). 

 
36       Bursa of Fabricius, infected birds, day 7 pi: Loss of architecture of   108 

atrophied bursal follicles with invaginated epithelium (H&E, X20). 
 
37      Bursa of Fabricius, infected birds, day 2 pi: Intense immunoperoxidase  112 

stained IBDV positive antigen were distributed throughout the bursal  
follicle (IPS X10). 

 
38 Bursa of Fabricius, infected birds, day 7 pi: Immunoperoxidase stained  112 
 IBDV positive antigen were clearly seen mostly in the cortex of atrophied  
 lymphoid follicles (IPSX40). 
 
39   Harderian Gland, 1 hr: Degenerated mitochondria surrounded highly  115 

electron densed particle near the nucleus of lymphoid cells, located near  
the blood vessel of the interstitial connective tissue (x 8000) 

 
40 Harderian Gland, 1 hr: Plasmablast with dark stained particle (x 10000) 115 
            
 

 xxiii



41 Harderian Gland, 2 hr: Transporting macrophage in blood vessel Necrotic  116 
cells, Russell’s Bodies and inclusion bodies are easily visible (x 3000). 

 
42 Harderian Gland, 2 hr: Vesiculation of Rough Endoplasmic Reticulum  116 

and numbers of free ribosome seen in the cytoplasm (x 12000) 
 

43 Harderian Gland, 2 hr pi: Plasma cells with abundant arrays of cisternae  117 
of rough endoplasmic reticulum and IBDV inclusion bodies bearing  
lymphoid cell. (x 10000) 

 
44 Harderian Gland, 2 hr pi. Transporting macrophage found in Blood  117 
 vessel and Necrotic cells. Russell’s Bodies and inclusion Bodies are  
 clearly differentiable (x 4000) 
 
45 Harderian Gland, 4 hr: Characteristic cytoplasmic changes showed   119 

vesiculation and fragmentation of the membrane of rough endoplasmic  
reticulum of the plasma cell (x 8000) 

 
46 Harderian Gland, 4 hr: Nuclear membrane showed blebbing, prominent  119 

swollen Mitochondria, marginated chromatin and nuclear body was almost  
moved out. (x 20000) 

 
47 Harderian Gland, 12 hr: Multiple Russell’s bodies in the cytoplasm of  121 

Plasma cell with swollen endoplasmic reticulum were observed.  
Disintegration of mitochondria and indented nuclear membrane were  
prominent. (x 5000) 

 
48 Harderian Gland, 12 hr: Disruption of cilia at the epithelial lining,   121 

irregular and distorted microvilli were obvious. Secretory granules  
at the cytoplasm of epithelial cells were present (x 15000). 

 
49 Harderian Gland, Day 1pi.: Electron densed inclusion bodies next to  123 

the nuclear membrane at the cytoplasm of necrotized lymphoid cell  
(x 5000).  

 
50 Harderian Gland, Day 1 pi. Secretory granules at the cytoplasm of   123 

epithelial cells were present (x 15000). 
 
51 Harderian Gland, Day 6 pi:  Crenate and irregular nucleus with   125 

marginated heterochromatin at periphery and invaginated cytoplasmic  
matrix (x 10000). 
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