
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



I 

I 
I 
-
-
-
I 

I 

I 

I. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

THE AETIOLOGY AND PATHOGENESIS OF 

AVIAN INCLUSION BODY HEPATITIS 

by 

MOHAMMED SAIFUDDIN 

A Thesis presented in  partial 
fulfilment of the requirements for 

the degree of 

DOCTOR OF PHILOSOPHY IN VETERINARY VIROLOGY 

Massey University 

March 1 990 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

ii 

ABSTRACT 

N aturally occurring inclusion body hepatitis ( IBH) in broi ler flocks in New Zealand , and the 

ex perimental disease were characterized by a sudden onset of illness resulting in up to 3 0% 

mort al ity and severe liver damage associated with the formation of intranuclear inclusion 

bodies in the hepatocytes. Other features were anaemia and atrophy of the bursa and 

thymus associated with lymphoid depletion. 

Serotype 8 avian adenoviruses (AAVs) were isolated from several affected broiler and one 

breeder flock. High titres of virus neutralizing (VN) antibodies were demonstrated in flocks 

which had recovered from the disease. By restriction endonuclease finger print analysis, two 

of the N ew Zealand isolates were found to be similar to each other and to the reference 

strain HVI, but markedly different from three Austral ian isolates of the same serotype. 

Fatal d isease resembl ing IBH was reproduced in 3 0% of broi ler chickens following oral 

admin istration of one of the local isolates. Immunosuppression was demonstrated in both 

natural and ex perimental infections. 

An enzyme-l inked immunosorbent assay and an immunocytochemical technique were 

developed for the detection and quantification of adenoviral antigens in various chicken 

tissues. Both techniques detected less than 1 00 mean tissue culture infective doses per 

gram of infected tissue and a group- specific antigen common to the 1 2  serotypes of AAV. 

A study of the pathogenesis of IBH infection was conducted following oral administration of 

AAV. Virus fi rst multiplied to a high titre in the intestinal organs and passed into the blood 

by way of the lymphatics. Viral antigens were subsequently detected in phagocytic cells in 

the liver and then in the hepatocytes. Ex tensive replication resulted in severe l iver damage, 

with release of virus into the blood stream and spread to other organs. R ecovery was 

associated with the appearance of VN antibody from 7 days post inoculation. 

Viral  antigens were detected by ELISA directly in yolk and albumin of eggs derived fr om 

50-60-week- o ld breede r f locks, a l though al l  b i rds had h igh tit res of VN antibody in 

their blood. 

The i nc lus ion  bod ies  found i n  he patocytes  were characterized ant ige nica l ly and 

u ltrastructurally. 
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3.3 Adeno-associated parvovirus particles observed in 

association with a locally isolated avian adenovirus 

(WV6642) (Bar = 1 00 nm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 2  

3.4 Electrophoretic patterns of DNAs of six different 

strains of serotype 8 avian adenoviruses generated 

by digestion with the restriction endonucleases EcoRI 

and BamHI .  Lanes 1 -6 respectively represent viruses 

7 1 7B,  71 6W, OLD, VRI, WA and HVI . Bacteriophage 

lambda (L) DNA, digested with H indl l l ,  used as a 

molecular weight marker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
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4.4 Liver of chicken which died on day 5 fol lowing oral 

inoculation of strai n 7 1 7B of serotype 8 avian adenovirus. 
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apparent (haematoxylin and eosin, x40) . . . . . . . . . . . . . . .. . . . . . . ... . . . . .. .  94 
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4.5 Lymphocytic depletion in thymus from experimentally 

infected chicken at 4 days post infection (haematoxylin 

and eosin ,  x1  0) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
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5.1 Flow d iagram for the ELl SA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 2  
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5.4a lmmunoperoxidase staining of viral antigens in liver 
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5.4b Dense staining of a large number of hepatocytes (both 

nucleus and cytoplasm) of a chicken which died at 5 

days pi (x20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 24 
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birds; ESA >0.06) and P the peak values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 

6.3a lmmunoperoxidase staining of viral antigens in intestinal 
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pi, haematoxylin counterstai n, x20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 41 
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villi ( 1  day pi, x20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 41 
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tissue (arrows) (3 days pi, x40) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 

6.3d Discrete staining within cells li ning l iver sinusoids 

(presumably Kupffer cells) (2 days pi, x40) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 43 
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6.3e Dense staining of both nucleus and cytoplasm of 

hepatocytes. Stained hepatocytes are arranged 

linearly along a hepatic sinusoid (3 days pi, x20) . . . . . . . . . . . . . . . . . . . . . . . .  1 43 

6.3f Extensive involvement of hepatocytes (4 days pi, x 1  0) .  . . . . . . . . . . . . . . . . . . 1 44 

6.3g Staining of many hepatocytes (both nucleus and cytoplasm) 
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lation (6 days pi ,  x20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 44 
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of the spleen (5 days pi ,  x20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 45 

6.4 Detection of viral antigens in ileum (0----0), blood 

(� ----� )  and liver (e----e) by ELI SA, and appearance 

of virus neutraliz ing antibodies (•----•) in serum of 

chickens following oral inoculation of serotype 8 avian 

adenovirus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 46 

6.5 Schema of the spread of inclusion body hepatitis virus 

through the body based on qualitative and quantitative 

measurements of viral antigens by ELISA and avidin-biotin 

peroxidase complex techniques in various tissues following 

oral administration of locally isolated serotype 8 (strain 

71 78) avian adenovirus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 47 

7.1 Ba sophilic inclu sion bodies with clea r ho lo in chicken 

kidney cells infected with locally isolated serotype 8 avian 

adenovirus at 24 hr pi (haematoxylin and eosin, x20) . . . . . . . . . . . . . . . . . . . . .  1 59 
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7.2a Basophilic inclusions in the l iver tissue derived from 

experimentally infected chickens at 4 days pi (haema-

toxylin and eosin, x20 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 61 

7.2b Same liver section stained by avidin-biotin peroxidase 

complex procedure (haematoxylin counterstain , x20 ) .  

Densely stained areas corresponded to the inclusion 

bodies shown in Fig. 7.2a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 61 

7.3a One enlarged and several apparently normal nuclei in 

the hepatocytes of a bird infected with IBH virus (EM) . . . . . . . . . . . . . . . . . . . .  1 62 

7.3b Hexagonal adenoviral particles arranged in a crystalline 

array in the enlarged nucleus (EM) .  This nucleus is 

more likely to contain a basophilic inclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 63 

7.4a Margination of nuclear chromatin (arrow) and aggregation 

of granular materials in the enlarged nucleus but no 

complete viral particles apparent (EM) .  Most probably 

this nucleus contained an eosinophilic type of inclusion . . . . . . . . . . . . . . . . . . . 1 63 

7.4b Higher power view of granular aggregate in the nucleus 

shown in Fig. 7.4a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 64 

7.5 Enlarged nucleus containing a dense clump of chromatin 

material (arrow) in the hepatocytes (EM) .  No viral 

part icles or extensive margination of nuclear chromatin 

is apparent. This probably represents a third type of 

nucleus where no obvious inclusion was detected by 

haematoxylin and eosin staining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 64 



-------

I 
XXV 

I 
ABBREVIATIONS 

I 
AAV Avian adenovirus 

A-AV Adenovirus-associated virus 

ABC Avidin-biotin peroxidase complex 

I AC Allantoic cavity 

AE Avian encephalomyelitis 

I ATV Antibiotic-trypsin-verse ne 

BAV Bovine adenovirus 

BSA Bovine serum albumin 

CAA Chicken anaemia agent 

I 
Ca-EDTA Calcium-ethylenediamine tetraacetic acid 

CAM Chorioallantoic membrane 

CELO Chick embryo lethal orphan 

CF Complement fixation 

Cl  Challenge interference 

I CKC Chicken kidney cells 

CPE Cytopathic effect 

I DAB Diaminobenzidine 

DEAE Diamino ethane acetic acid 

I 
DNA Deoxyribonucleic acid 

EA ELISA absorbance 

EDS Egg drop syndrome 

I ELlS A Enzyme-linked immunosorbent assay 

EM Electron microscope (y) 

ESA ELISA specific absorbance 

FBS Foetal bovine serum 

I 
FITC Fluorescein isothiocyanate 

GAL Gallus adeno-like 

G C  G uanine plus cytosine 

I GO G el diffusion 

G MT G eometric mean titre 

HA Haemagglutination 

HAD Haemadsorption 

I HAd Human adenovirus 

HAI Haemagglutination inhibition 

I 
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ABBREVIATIONS (continued} 

I 

I 
HE Haematoxylin and eosi n  

HRP Horseradish peroxidase 

HUR Hatchery utilization rate 

I HVT Turkey herpes virus 

18 Infectious bronchitis 

I IBD Infectious bursal disease 

IBH Inclusion body hepatitis 

ICH Infectious canine hepatitis 

IF Immunofluorescence 

I 
IM Intramuscular ( ly) 

I N IB  Intranuclear inclusion body 

l P  Intraperitoneal ( ly) 

I lP  lmmunoperoxidase 

LR London Resin 

I MD Marek' s disease 

MDCC-MSB1 Marek' s  disease lymphoma cell line 

I 
MEM M inimu m  essential medium 

m RNA Messenger ribonucleic acid 

I 
MSD Marble spleen disease 

MW Molecu lar weight 

NO Newcastle disease 

I NE Necrotic enteritis 

NGS Normal goat serum 

I OPD Ortho-phenylenediami ne 

PA Passive agglutination 

I 
PAG E Polyacrylamide gel electrophoresis 

PBS Phosphate buf fered saline 

PCV Packed-cell volume 

pi Post inocu lation/Post infection 

PSK Penici l l in, streptomycin and kanamycin 

PTA Phosph otungstic acid 

OB Quail bronchitis 

RPM I 1 640 Prefix derived from Roswell Park Memorial Institute 

SAS Saturated ammonium sulphate 
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ABBREVIATIONS (continued) 

Standard deviation 

Sodium dodecyl sulphate 

Specific pathogen free 

Tumour 

Tris-acetate EDTA 

Tris-borate EDT A 

Mean tissue culture infective dose 

Tris-EDTA 

Turkey haemorrhagic  enteritis 

Ultraviolet 

Virus neutral ization 

White Leghorn 




