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                                                                        CHAPTER 1 

INTRODUCTION 

Poultry industry in Pakistan comprises 785 million broilers, 47 million layers, 907 

tons of poultry meat and 13,813 million eggs according to Economic survey of Pakistan 

(Anonymous, 2012-13). 

Poultry industry has emerged as the second largest industry in a few decades in 

Pakistan. As Pakistan is a developing country there is shortage of food and feed also, so the 

alternative sources of food and feed are under consideration. Poultry and poultry products are 

better alternative in case of food and feed. As this industry is growing very rapidly, the 

problems regarding poultry diseases and management are also increasing. Maintenance of 

health in poultry birds provides significant contribution of meat (Crawford, 1990). Infectious 

diseases are known to cause mortality and morbidity in poultry and livestock worldwide. 

Among these, viral diseases are the leading causes of losses in the form of mortality (Chang 

et al., 2003) and place major constraints to productivity and profitability. Among these fatal 

diseases Inclusion Body Hepatitis-Hydro-pericardium syndrome (IBH-HPS) causes 80-85% 

mortality in broiler birds. This disease causes high economic losses to broiler industry in 

Pakistan. 

The presence of 20 ppb aflatoxin in feed is usually related to a lot number of disease 

outbreaks of inclusion body hepatitis that causes high mortality in broiler chicks aged 3 to 5 

weeks and the birds showed distinctive lesions of inclusion body hepatitis in addition to 

hydropericardium (Singh et al., 1996). Initially, it was suspected that hydropericardium 

syndrome (HPS) was caused by the toxicity of the feed or a nutritional deficiency. 

In the last few decades, IBH-HPS has been reported in almost every country around 

the World (Philippe et al., 2005; Gomis et al., 2006; Goodwin et al., 1993; Young et al., 

1972; Saiffudin and Wilks, 1991; Erny et al., 1991). Avian adenoviruses are known to cause 

many disease conditions in chickens of all age groups like respiratory infections, hepatitis 

and problems in egg productivity (Fadely and Winterfield, 1973). Among these 

manifestations egg drop syndrome in layers and inclusion body hepatitis (IBH) along with 

HPS in broiler chickens (Mcferran, 1997) are frequently encountered. IBH-HPS is caused by 

fowl adenovirus serotype-4 in broilers.  
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This disease is called Angara Disease in Pakistan, after its first outbreak at Angara 

Goth, near Karachi (Akhtar, 1994), ‘Leechy disease’ or ‘Litchi disease’ in India (Gowda and 

Satyranayana, 1994), after the atypical shape of the heart suspended in pericardial fluid, 

which appears similar to the deshelled leechy (litchi) fruit (Gowda, 1994). More scientific 

name is IBH-HPS (Abdul-Aziz and Attar, 1991; Jadhao et al., 1997; Balamurugan et al., 

2002). IBH-HPS mainly affects broiler chickens of 3 to 6 weeks old without discrimination 

of male and female and infrequently in layer birds and breeder pullets of 20 weeks.  

Several strains of broiler chickens are evenly susceptible to this disease in the field 

conditions (Anjum et al., 1989). IBH-HPS occurs suddenly with high morbidity and up to 

80% mortality in broiler, less than 10% mortality in layers, associated with hydropericardium 

(Shane, 1996). 

The consistent and predominant gross lesion at necropsy of affected birds is 

hydropericardium (Anjum, 1989). The pericardial sac contains 3 to 20 ml of watery or jelly 

like fluid, which have amber green color or colorless. This fluid has pH 7 and 

hydropericardium is typical disease characteristic (Asrani et al., 1997). The heart appears 

flabby and misshapen (Anjum et al., 1989), with its apex floating in pericardial sac (Kumar 

et al., 1997). The pericardial fat may exhibit yellowish discoloration and also petechial 

hemorrhages (Asrani et al., 1997). The liver is friable, mottled, swollen and discolored 

having multiple regions of focal necrosis, pin point or ecchymotic hemorrhages. The lungs 

are edematous, congested and pale; kidneys are swollen and friable with kidney tubules 

containing deposits of urates (Nakamura et al., 1999). A yellowish discoloration of the 

subcutis and abdominal fat was also recorded in few birds along with bursal and thymic 

atrophy in 10% of birds examined (Asrani et al., 1997). IBH-HPS virus has a special affinity 

for hepatic and endothelial cells. There are pin point white foci in the pancreas and 

ventricular erosions are also observed in broiler chickens (Nakamura et al., 2002). 

There is no therapeutic treatment available for this disease in particular and other 

viral diseases in broad sense. Vaccination of the birds is the only effective approach in 

controlling the disease. The formalin inactivated liver homogenate has been commonly used 

as a vaccine against IBH-HPS. However, the autogenous vaccine poses great risk for 

secondary bacterial infections at the site of injection and virus present in the liver may not be 

pure but may accompany with other bacteria and virus hence leading to stimulation of 
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immune response against multiple antigens at the same time. However, it worked because 

there was no alternate then. The virus was adapted to embryonated eggs and oil emulsified 

formalized inactivated vaccine, which reduces biological stress to birds as the oil emulsified 

vaccine requires a single shot. A third type of vaccine was also in use that is egg adapted 

vaccine. The egg adapted vaccine had better results and contained purified virus but 

continuous killing of embryos and supply of specific pathogen free embryonated eggs is a big 

issue. But handling stress and injection stress to the birds are present. Keeping in view the 

above all stated risks, the present project was designed to make a cell culture adapted and 

attenuated vaccine, which is given to birds through drinking water, have calculated viral dose 

and purified virus hence there is no risk of secondary bacterial infections with following 

objectives. 

 Establishment of Vero cell line for the propagation of the virus. 

 Adaptation and attenuation of indigenous isolate of IBH-HPS virus. 

 Preparation of live attenuated Lyophilized IBH-HPS virus vaccine. 

 Evaluation of the vaccine in broiler birds under experimental conditions. 
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___________        CHAPTER 2 

REVIEW OF LITERATURE 

2.1 History 

The first adenovirus was recognized by Cowdry and Scott, who predicted that the 

causative agent of infectious hepatitis was a filterable agent. The first clinical disease caused 

by avian adenovirus was a respiratory disease outbreak in quails reported in 1950 (Oslon, 

1950) and it was named as quail bronchitis virus. “Adeno” is a Greek word “aden” or 

“adenos” meaning gland because the first human adenovirus isolated from human adenoid 

tissue.  

Avian adenoviruses are known to cause different disease conditions in different birds, 

marine, animals and humans. Infections caused by adenoviruses may be asymptomatic or 

may cause severe pathological conditions and sometimes high mortality.   

In 1987, from Angara Goth near Karachi in Pakistan, a new and different disease 

condition was reported. As the disease was first reported from angara goth, hence it was 

named as Angara Disease. In Pakistan, the disease was quite destructive and caused the death 

of 100 million broiler birds in less than two years (Cowen et al., 1997, Jaffery, 1990).  The 

disease is called litchee disease in India because the heart is looks like a deshelled lichee fruit 

(Gowda and Satyanarayana, 1994) or inclusion body hepatitis hydropericardium syndrome 

(IBH-HPS) (Abdul-Aziz and Al-Attar, 1991) and also the hydropericardium syndrome 

(Naeem et al., 1995), the hydropericardium hepatopathy syndrome (Asrani et al., 1997), or 

hydropericardium hepatitis syndrome (HHS) (Ganesh et al., 2001).  In addition to India and 

Pakistan, outbreaks have now also been reported in the Middle East, Japan, Mexico, Peru, 

Ecuador and Chile (Abe et al., 1998; Hess et al., 1999; Toro et al., 1999).  

2.2 Inclusion Body Hepatitis Hydro pericardium syndrome (IBH-HPS) 

Jaffery (1988) and Khawaja et al. (1988) reported a pathological condition in broiler 

birds of 3-6 weeks with peculiar lesions on heart and liver (Balamurugan and Kataria, 2004). 

The first epidemic of IBH-HPS was reported in 1987 from Angara Goth, Karachi (Cheema et 

al., 1989, Jaffery, 1988), although sporadic cases were recorded as early as 1985 (Cheema et 

al., 1989). In India IBH-HPS was reported in some parts of Jammu and Kashmir, Punjab and 

Delhi in 1994 (Gowda and Satyanarayana, 1994). Initially it was hypothesized that IBH-HPS 



5 
 

is caused due to any feed toxicity or by any nutritional disorder. Different causative factors 

were investigated among them mycotoxins in feed, phycotoxins, and chemicals such as 

chloride, polychlorinated biphenyls and chlordane, which have all been revealed to cause 

hydropericardium (Jaffery, 1988). However, all efforts in reproducing the specific disease 

condition in the healthy birds with feed samples from infected farms were failed. Therefore, 

an infectious agent was suggested as the probable cause (Abdul-Aziz and Al-Attar, 1991). 

Based on successful isolation of an agent from the liver, heart, and kidneys, and on 

transmission of disease after subcutaneous inoculation of infected liver homogenate, the 

aetiological agent was tentatively designated as an adenovirus (Khawaja et al., 1988).  

Subsequent studies demonstrated typical icosahedral adenovirus particle in the 

purified liver extracts by negative-staining electron microscopy. Additionally, basophilic 

intranuclear inclusion bodies in the cells of liver supported the view that the disease is caused 

by adenovirus (Mazaheri et al., 1998).  

Inclusion body hepatitis (IBH) and hydropericardium syndrome (HPS) of chickens 

have been etiologically associated with the worldwide distributed fowl adenoviruses (FAVs) 

group 1, serotypes 1-12 (Akhtar, 1995; Anjum et al., 1989). The IBH/HPS affects chickens 

by inducing high mortality rates and principal lesions characterized by liver damage and 

hydropericardium. The hemopoietic system and the kidneys are also affected.  

The most important losses have been reported in 3-to-5-wk-old broilers; however, 

breeders and layers may also be affected (Akhtar, 1995; Christensen and Saifuddin, 1989). 

Adenovirus isolates associated with IBH/HPS, obtained in recent years in Chile, have been 

identified both by virus neutralization tests and by restriction endonuclease analysis of 

particular deoxyribonucleic acid (DNA) fragments as members of the fowl adenovirus 

serotype 4 (FAV 4) (Cowen et al., 1997). 

 Other adenoviruses obtained during recent years from IBH/HPS outbreaks in South 

America have also been identified as FAV 4 (Cheema et al., 1989). Although IBH/HPS has 

been associated with FAV strains, there is conflicting evidence concerning their role as 

primary etiologic agents in the induction of IBH/HPS under field conditions; some authors 

have underlined their role as primary etiologic agents (Aghakan and Pattison, 1974; Cheema 

et al., 1989), whereas others have supported the hypothesis that most FAV strains act as 

secondary pathogens in association  with immunosuppressive  agents (Abdul-Aziz and 
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Hasan, 1995; Akhtar, 1992; Benko et al., 2000). Some of these discrepancies may be based 

on differences in the virulence among isolates of the same and different FAV serotypes 

(Anjum, 1990; Benko and Harrach, 1998) as well as different susceptibility levels between 

chicken lines (Akhtar, 1992). 

2.3 Classification and Nomenclature 

The Adenoviridae family was originally divided into two genera, Mastadenovirus and 

Aviadenovirus. Mastadenovirus includes viruses that infected mammalian hosts, and 

Aviadenovirus infect avian host. This distinction of these two genera depends upon lack of 

common structural proteins (Kawamura et al., 1964). Recently, the adenoviridae family has 

been divided into four genera by International Committee on Taxonomy of Viruses (ICTV) 

(Benko et al., 2005).   

The genus Mastadenovirus comprises adenoviruses of mammalian species such as 

human, bovine, simian, porcine, equine ovine and caprine. The genus Aviadenovirus, also 

placed in group I avian adenoviruses, comprises five species of FAdVs with one or more 

serotypes in each. Species in the genus Aviadenovirus  are classified as  fowl adenovirus A 

(FAdV-1);  fowl adenovirus B (FAdV-5);  fowl adenovirus C  (FAdV-4, FAdV-10); fowl 

adenovirus D (FAdV-2, FAdV-3, FAdV-9, FAdV-11); fowl adenovirus E (FAdV-6, FAdV-7, 

FAdV-8a, FAdV-8b); Goose adenovirus GoAdV-1, GoAdV-2, GoAdV-3; and  Falcon 

adenovirus A FaAdV-1. Species designation depends on several criteria, such as calculated 

phylogenetic distances, restriction fragment length polymorphism (RFLP), pathogenicity, 

host range, cross neutralization, and recombination ability. Formerly, fowl adenoviruses were 

classified based on molecular classification as RFLP of the DNA given by Bam HI and Hind 

III (Zsák and Kisary, 1984). 

The genus Siadenovirus, previously placed in group II avian adenoviruses, consist of 

Marble spleen disease of pheasants (MSDV), haemorrhagic enteritis virus of turkey (HEV) 

and Avian splenomegaly virus of chickens (AASV).  

The genus Atadenovirus, in the past nominated as group III avian adenoviruses 

comprises the Egg drop syndrome (EDS) virus. The genome of Atadenovirus has very high 

(>60%) AT content, while Siadenovirus contains a seemingly unique gene, a sialidase gene 

homolog at the left -hand side of the genome (Benko et al., 2005). Each genus is 

serologically distinct from other genera and also differs significantly in genome organization. 
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2.4 Etiology/disease 

Initially it was suspected that IBH-HPS was caused by nutritional deficiency or any 

toxicity. The possible causes and different factors were investigated like toxic fats, sodium 

chloride, mycotoxins, chlordane, polychlorinated biphenyls and phytoxins, all are associated 

with hydropericardium (Qureshi, 1988; Jaffery, 1988). Feed from infected farms or that 

containing mycotoxins failed to reproduce the disease in healthy birds (Anjum, 1988, 1990). 

The feed containing aflatoxins at higher concentration than 20 ppb was usually allied with 

many outbreaks of IBH-HPS and heavy economic losses in the shape of high mortality in 3 

to 5 weeks old chicks (Singh et al., 1996).  

Ahmad et al. (1989) and Anjum et al. (1989) reproduced the disease by injecting 

bacteria free liver homogenate in an experiment in young broiler chickens and proved that an 

infectious agent was a possible cause. Further studies revealed that the adenovirus was 

associated with the condition, this being incriminated by the manifestation of basophilic 

inclusion bodies in hepatocytes of affected birds (Niazi et al., 1989; Afzal et al., 1991; 

Gowda, 1994). Electron microscopy demonstrated discrete icosahedral virions in the purified 

liver extracts by negative staining (Cheema et al., 1989). Afzal and colleagues (1991) 

suggested that another agent may be involved and possibility of co infection to produce 

classical signs of this syndrome. Shane and Jaffery (1997) observed from Mexican liver 

homogenate that an RNA virus was concerned as an additional agent, based on lack of 

inhibition by 5-bromodeoxyuridine. As fowl adenoviruses (FAVs) have been recovered from 

vigorous and ill birds, grew showing FAV as the primary pathogen in IBH-HPS.  

All the field isolates collected from outbreaks of IBH-HPS have been sero typed as 

FAV-4 using standard anti sera to the 12 other serotypes (Jadhao et al., 1997) and identified 

as HPS virus (Vairamuthu et al., 2002). In Pakistan and different South American countries, 

numerous cases associated with the presence of hydropericardium, IBH-HPS virus was 

leading, and the FAV-4 solely responsible for this specific disease condition (Voss et al., 

1996). An Adenovirus (K31/89), recovered from many field outbreak of IBH-HPS in 

Pakistan (Voss, 1989), was identified as fowl adenovirus serotype 4 and responsible for 

causing IBH-HPS. European serotype 5 (FAV-8), itself associated in the reproduction of 

hydro pericardium with IBH in Mexico, has also been reported (Shane and Jaffery, 1997). 

FAV isolated from affected liver samples were neutralized by anti sera against the KR5 strain 
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(FAV-4 reference strain) and the failure of attempts to isolate other viral agents from these 

liver samples in chicken embryo cell culture, chicken kidney cell culture and MDCC-MSB-4 

cells confirmed the causative agent (Abe et al., 1998). The IBH-HPS was reproduced in 

specific pathogen free (SPF) chickens by inoculating purified and isolated virus from field 

outbreaks of HPS (Cowen et al., 1996), thus proving that the association of FAV-4.  

The avian adenoviruses are non-enveloped DNA viruses with diameter of 70 to 90 

nm. Genomic DNA comprises 11 to 13% of the virion and accessory proteins stabilize the 

viral capsid. The virus has a characteristic icosahedral symmetry (McFerran, 1998). The 

virion capsid composed of a single layer containing 252 capsomers. It has 240 capsomers or 

hexons, which are 8 to 10 nm in diameter and make up the major soluble component 

harvested from cell culture (McFerran et al., 1975). The genome is composed of single 

linear, non-segmented double-stranded DNA molecule 43 kbp. Replication of the virus starts 

after 10 hours post infection in the nucleus of the host cell, producing basophilic intra nuclear 

inclusion bodies (Rubarth, 1947; Villamandos et al., 1996). Adenoviruses are well known to 

resist many several disinfectants and comparatively tolerant to pH changes and heat. 

Aldehyde and iodophore disinfectants may work against the virus if these disinfectants are 

allowed for long time exposure. Complete inactivation of IBH-HPS virus required 20 days 

composting infected chicken carcasses (Senne et al., 1994). 

Inclusion body hepatitis was first reported by Helmboldt and Frazier in 1963 in the 

United States of America (USA). It is sporadic disease and subsequently has been reported in 

other countries throughout the world caused by several serotypes of fowl adenovirus 

(Fitzgerald, 2008; Smyth and McNulty, 2008). IBH-HPS virus was transmitted by horizontal 

and vertical means (Domermuth, 1991, Winterfield, 1984). Saifuddin and Wilks (1991) 

detected adenovirus in the yolk sac and albumin of eggs through antigen-captured enzyme 

linked immunosorbant assay (ELISA). The strains acting as primary causing agents in IBH-

HPS, within serotype 4 and 8 have been well characterized. 

In Pakistan, it was first reported in Karachi at Angara Goth in 1987. The disease is 

characterized by its acute nature causing high mortality in broiler birds. The disease spread in 

to India, Iraq, Kuwait, Mexico, Peru, Ecuador and Chile (Shane and Jaffery, 1997). IBH-HPS 

was successfully reproduced in healthy broiler birds and specific pathogen free chickens 

using fowl adenovirus serotype 4. 
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In many studies, the route of inoculation has been extremely important, with many 

isolates failing to cause disease when given by natural routes or by direct spread but being 

highly pathogenic when given by parenteral injection (Christensen and Saifuddin, 1989). The 

experimental oral or parenteral administration of Chilean FAV isolates into light specific-

pathogen-free (SPF) chickens has resulted in either no or low mortality due to IBH/HPS, 

respectively (Akhtar, 1992; Asrani et al., 1997; Davison et al., 2003). 

2.5 Characterization of IBH-HPS 

Fowl adenovirus (FAV) was recovered from field outbreaks of IBH-HPS from 

different locations and characterized in Ecuador and Pakistan. FAV-4 isolate isolated from 

countless outbreaks of IBH-HPS in Pakistan was investigated and observed that the virus had 

differences in their pathological characteristics, although there was no any considerable 

difference was found as for as their biological characters or protein profiles were concerned 

(Rabbani and Naeem, 1996). Studies on the protein profile analysis of the purified IBH-HPS 

agent from Pakistan by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE) revealed eight polypeptides, ranging in molecular weight from 15.7 to 119 KDa. The 

extracted nucleic acid was DNA, with molecular weight of 23 KDa (Izhar-ul-Haq et al., 

1997).  

On analysis of purified PARC-1 isolate of HPS by SDS-PAGE, Rabbani and 

colleagues (1998) found seven bands of polypeptides with molecular weight ranging from 24 

to 120 KDa. Similarly, three fields isolate of FAV-4 from HPS from India, subjected to SDS-

PAGE, and showed eight similar polypeptides, with molecular weight ranging from 20 to 

107 KDa but differing from FAV-1, particularly in their 24.2 KDa proteins (Balamurugan et 

al., 2002).  

In another study, AAV 8/11 vaccine was used in progenies of broiler breeder aged 30 

to 50-weeks old grandparents and the results showed that the birds were satisfactorily 

confined against challenge of AAV 8 and 11 serotypes and Stanford strain, was molecularly 

characterized as European serotype 9 (Alvarado et al., 2007). Indian isolates from field 

outbreaks of IBH-HPS in poultry birds isolated from different geographical locations were 

molecularly characterized as FAV serotype 4 (Jadhao et al., 1997), and the agent was 

characterized by restriction enzyme (RE) analysis of its genomic DNA (Jadhao et al., 1998). 

The three field isolates of FAV from IBH-HPS cases in chickens were characterized by virus 
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neutralization tests and restriction enzyme (RE) analysis of a DNA fragment and were also 

identified as FAV-4 resembling the KR-5 strain (Toro et al., 1999). It has been shown by 

immunological and molecular analytic methods that FAV-4 and FAV-10 are very closely 

related (Erny et al., 1995). Comparison of predicted KR95 hexone sequence revealed highest 

homology between KR95 and FAV-10 and FAV-1 (91.1% and 80.1%, respectively) 

(Lobanov et al., 2000). A similarly variable region hexone gene, encoding 728 bp of L1 and 

part of P1, was amplified and both the nucleotide and the derived amino acid sequence were 

compared with FAV-1, FAV-8 and FAV-10 (Ganesh et al., 2001).  

Adenoviruses (AdVs) are members of the family Adenoviridae and the adenoviruses 

that infect mammals are placed in the genus Mastadenovirus, whereas the genus 

Aviadenovirus includes AdVs that infects birds. Furthermore, Avian adenoviruses (AAdVs) 

are divided in three groups serologically. Group I avian adenoviruses (AAdVs) are known as 

fowl adenoviruses (FAdV 1-12) (Ojkic and Nagy, 2003) and FAV-4 is assumed as a possible 

cause of hepatitis/ Hydro pericardium syndrome (Hess et al., 1999). FAdVs were typed by 

virus neutralization test (VNT) using rabbit antisera against all the 12 serotypes of FAdVs 

and by polymerase chain reaction (PCR) for the hyper variable region of hexone gene 

combined with restriction fragment length polymorphism (RFLP) analysis. Rahul et al. 

(2005) found that six isolates belonged to FAdV-4, one to FAdV-12 and one to both. 

2.6 Transmission 

The IBH-HPS virus is transmitted through horizontal and vertical means and plays an 

important role in causing the disease. AAV serotypes 4 and 8 have been transmitted 

vertically described in progeny from breeder flocks infected and horizontal transmission has 

also been demonstrated. The young chicks in contact with infected chicks can die per acute 

IBH-HPS (Toro et al., 2000).  

2.7 Microscopic and Gross lesion 

Avian adenoviruses were placed in a very varied group of pathogenic microorganisms 

causing a variety of problems in poultry production. Among various emerging diseases of 

poultry, the avian adenoviruses have been incriminated as etiological agents for different 

clinical conditions in poultry (Fadly and Winterfield, 1973, Rosenberger et al., 1974). In 

controlled experiments, the incubation period was in the range of 5 to 18 days with a mean of 

10 days has been reported (Akhtar, 1992). However, this depends upon the route and dose of 
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infection, on the type of exposure and on the age of birds. Another study (Akhtar, 1995) 

reported that the incubation period of this disease was in the range of 9.5 to 14.5 days and the 

duration of diseases being 10 -15 days. Aliev and colleagues (1997) recorded the incubation 

period ranging from 48 to 72 hours in experimental infection and the disease duration was 7 

days. Ganesh et al. (2001) in another study observed the incubation period as 2 to 4 days 

after inoculation of homogenate and purified virus.  

Immunosuppersive viral diseases make threats to poultry industry in the shape of 

heavy mortality and high economic loss of production, because of high susceptibility to 

secondary infections in chicken and unpredictable immune response to vaccinations 

(Balmurugan and Kataria, 2006). Infectious bursal disease (IBD) and chicken infectious 

anemia (CIA) are known to causing immunosuppression (Tood, 2000) and FAVs become 

more pathogenic and destructive when the immune system of birds impaired by concurrent 

infection (Monreal, 1996).  

In many natural outbreaks of IBH-HPS, the affected birds may not reveal any signs 

and symptoms (Jaffery, 1988), other than sudden onset of disease with high mortality (up to 

80%) in broiler birds aged 3-6 weeks and low mortality in layers (about 10%), associated 

with hydropericardium (Chandra et al., 2000). The consistent and predominant gross lesion 

at necropsy is hydropericardium in more than 90% of the affected birds (Anjum et al., 1989; 

Cheema et al., 1989; Qureshi, 1989; Gowda and Satyanarayana 1994). This condition 

characterized by the accumulation of water or jelly like fluid in pericardial sac, which may be 

of amber green color or colorless. The accumulated fluid was in the range of 3 to 20 ml in 

quantity and having pH 7 (Cheema et al., 1989; Asrani et al., 1997). The heart appears 

misshapen and flabby (Anjum et al., 1989), with its apex floating in the pericardial sac 

(Kumar et al., 1997). The pericardial fat may exhibit yellowish discoloration and petechial 

haemorrhages (Asrani et al., 1997). The liver was mottled and have focal necrotic patches, 

discolored pale, yellow and friable kidneys, urates deposits in the tubules and ureters; 

edematous and congestion of lungs (Nakamura et al., 1999). In experimental reproduction of 

the disease, similar lesions were reported in various organs (Anjum, 1990).  

In addition to the characteristic hydropericardium Nakamura and colleagues (2002) 

observed ventricular erosion and pin point white foci in the pancreas in broiler birds. The 

severity of the lesions and mortality was high in immunosuppressed birds (Nakamura et al., 
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2003). The liver was identified as a target organ in IBH-HPS, which showing histological 

changes, such as mononuclear cell infiltration in hepatocytes, multifocal coagulative necrosis 

and contain basophilic intra nuclear inclusion bodies (INIBs) in liver cells and also 

surrounded by clear halo, or as a filling in the entire enlarged nucleus (Anjum et al., 1989; 

Cheema et al., 1989; Gowda and Satyanarayana, 1994; Abdul-Aziz and Hasan, 1995; Asrani 

et al., 1997; Kumar et al., 1997; Nakamura et al., 1999). In some birds, diffuse or 

centrilobular degeneration and necrosis of liver cells, swelling of cells, with partial clearing 

of cytoplasm or cell membrane rupture, shrunken hepatocytes with pyknotic nuclei were 

noticed (Abdul-Aziz and Hasan, 1995).  

These above stated changes were confirmed by transmission electron microscopic 

observation of the liver cells (Chandra et al., 1997). The lungs showed edema, congestion 

and infiltration to inflammatory cells (Asrani et al., 1997; Cheema et al., 1989) and there 

were hemorrhagic exudates in alveoli and bronchi (Kumar et al., 1997) and a moderate 

diffuse infiltration of macrophages into the pulmonary parenchyma (Nakamura et al., 1999). 

Histopathological examination of the heart revealed mononuclear cell infiltration; sever 

vascular changes (Anjum et al., 1989) massive edema hemorrhages (Asrani et al., 1997) and 

degenerative changes (Gowda and Satyanarayana, 1994). The kidneys showed marked 

swelling of the tubular epithelium, extensive hemorrhages and necrosis (Abdul-Aziz and 

Hasan, 1995; Asrani et al., 1997). Macrophages, containing erythrocytes and prominent 

yellow pigment in the red pulp, were also recorded in the spleen; the presence of INIBs in the 

cells of gizzard, pancreas, proventriculus, duodenum, caecum, kidneys and lungs of chicks 

experimentally inoculated at 1 day of age was also observed (Nakamura et al., 1999). In 

other experimental infection, Nakamura and colleagues (2002) visualized and observed that 

the affected birds had multifocal necrosis of hepatocytes, presence of INIBs in the liver cells, 

a noticeable increase of macrophages in the spleen and lungs, and a mild edema in 

epicardium, multifocal areas of  necrosis in pancreatic acinar cells, with intra nuclear 

inclusions, ventricular koilin layer had focal necrosis, and degenerative changes in the 

ventricular glandular epithelium, with intra nuclear inclusions bodies.  

2.8 Immunological Aspect 

 Eight percent of vaccinated birds undergo seroconversion by day7 after vaccination, 

as shown by the gel diffusion test, and this correlates well with protection. Recovered birds 
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are immune to subsequent attacks of IBH-HPS (Cowen, 1992). The percentage of responders 

in a single vaccination group decreased 45% and 20% by the 28th and 45th day after 

vaccination respectively, whereas all the birds in a double vaccination group remained sero 

positive with higher indirect HA titres. There is immunosuppressive effect of simultaneous 

vaccination like Newcastle diseases (ND) and Hemorrhagic Enteritis (HE) in pheasants may 

weaken the humoral response to sheep red blood cells (Grazyk et al., 2006). 

Isolated of fowl adenovirus-1 (FAV-1) from different field outbreaks of IBH was 

administered to 3 weeks old disease-free broiler birds and a marked reduction in 

blastogenesis response of peripheral blood lymphocytes to phytohaemagglutinin (PHA-P) in 

FAV-1 infected chickens on 2 to 3 weeks post infection was noticed. Fowl adenovirus-1 also 

impaired humoral as well as cellular immune competency of infected chicks, there is additive 

immunosuppersive effect of aflatoxin and FAV-4 on humoral and cell mediated immune 

response (Singh et al., 2006; Dupuis et al., 2003).  

Enzyme linked immunosorbant assay (ELISA) using an adenovirus free antigen did 

not fail to exhibit significant titres, nor did the cell mediate immune (CMI) response, as 

evidenced by delayed hypersensitivity reaction in the wattle, show a significant increase 

following vaccination (Noor-ul-Hassan, 1994). The PARC-1 isolate of HPS caused 

immunosupression, resulting in a decreased serological response to Newcastle disease 

vaccination as compared to unvaccinated controls (Naeem et al., 1995). Since the etiology of 

the condition has almost been confirmed, immunodiagnosis by various serological tests such 

as indirect haemagglutination (IHA) test (Rahman et al., 1989; Hussain et al., 2003). Akhtar 

and Ishaq (2006) used an indirect haemagglutination (IHA) test to study the effect of 

coccidiosis on humoral immune response chickens vaccinated against hydro pericardium 

syndrome (HPS), Agar gel precipitation test (AGPT), counter immunoelectrophoresis 

(Kumar et al., 1997), the fluorescent antibody technique, various modification of ELISA 

(Balamurugan, 1999, 2001; Oberoi et al., 1996) and the dot immunobinding assay (Naeem et 

al., 1995), is considered specific and reliable.  

Deepak (1998) while studying the pathogensis of HPS in 2 week old chickens 

detected an immunofluorescent FAV antigen in the thymus, spleen and bursa from 3 to 10 

days post infection (DPI), in the liver from 3 to 14 DPI and in heart up to 5 DPI. In an 

attempt to develop a laboratory test for diagnosis of HPS in chickens, Balamurugan and 
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colleagues (2001) detected viral antigens in different tissues (liver, kidney, bursa of 

Fabricius, spleen and thymus) from experimentally infected chickens by antigen captured 

(sandwich) ELISA, using guinea pig and chicken hyper immune serum for trapping and 

tracing the viral antigen, respectively. The polymerase chain reaction (PCR) was developed 

for the diagnosis of IBH-HPS by Dahiya et al., 2002. The DNA isolated from either infected 

liver tissues or purified virus was subjected to PCR using hexon gene specific primers, which 

amplified a 700 bp section of the variable region of HPS viral DNA (Ganesh et al., 2002). 

PCR-amplified DNA was labeled with digoxigene-labeled deoxyuridine triphosphate (DIG-

11-DUTP) and used a probe for detection of virus by dot blot hybridization of the viral 

genome (Ganesh et al., 2002). Manzoor and Hussain (2003) performed a reverse passive 

haem-agglutination (RPHA) test for the detection of IBH-HPS virus using 1% suspension of 

sheep erythrocytes. Katti, (2002) developed RPHA using rabbit anti-mycobacterial IgG for 

the detection of circulating antigens in CSF’s from chronic infection of central nervous 

system (CNS). IBH-HPS virus was isolated in embryonated chicken eggs and primary cell 

culture. A study was carried out to characterize the local fowl adenovirus serotype 4 

associated with IBH-HPS in broiler by Mansoor et al., 2009. IBH-HPS virus was collected 

from field outbreak in Pakistan, isolated and purified through 15-45% (w/v) sucrose gradient. 

Virus was confirmed by AGPT. Viral DNA is extracted and subjected to PCR. The 730 bp 

nucleotide sequence was sequenced. The product was compared and confirmed that the 

isolate is fowl adenovirus serotype 4. The nucleotide sequence of Pakistani isolate has 94% 

homology with Indian isolates, 97% homology with Belgium and Russian isolates and 96% 

homology with Canadian isolates. 

2.9 Vaccine 

 IBH-HPS is highly infectious disease and the virus was very resistant to various 

disinfectants. Vaccine against the disease is the only choice to safe the birds from IBH-HPS. 

Immunization of the birds was done by using autogenous formalin inactivated liver 

homogenate vaccine (Chishti et al., 1989; Cheema et al., 1989; Afzal and Ahmad, 1990; 

Ahmad et al., 1990; Mashkoor et al., 1994; Shane, 1996; Kumar et al., 1997). Afzal and 

Ahmad (1990) observed variable results after injecting a dose of 0.25 ml/bird at 10-15 days 

of age. However, a single dose of vaccination at the age of 15-18, had more effect in 

controlling the relapses at 35-40 days of age (Ahmad et al., 1990). An inactivated and freeze 
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dried liver homogenate vaccine, re-suspended in normal saline provided 100% protection and 

was more effective than vaccine prepared from pellet obtained from ultracentrifugation and 

re-suspended in normal saline (Mashkoor et al., 1994). Formalin inactivated vaccine has 

several drawbacks and the use of formalin inactivated vaccine is discouraged. Ahmad and 

Hassan (2004) reported that formalin inactivated aqua based liver organ vaccines for 

hydropericardium syndrome are effective for control of the disease, while on other hand 

contaminated vaccines are considered to be play a major role for its massive spread 

throughout the country.  In two field trials, involving 5,70,000 birds on one hundred and 

twenty eight farms, the overall mortality percentage was in the range of 0.77 to 3.8% in 

vaccinated and 11.11 to 30% in un vaccinated birds (Ahmad et al., 1990). The mortality 

recorded in vaccinated birds was 0.52% as compared to 5.34% in un vaccinated birds kept on 

the equivalent premises in another study. The vaccination of the birds was effective in the 

face of outbreak and significantly reduces the mortality (Chandra et al., 2000).  

According to recent reports, formalin inactivated vaccines were unable to secure the 

broiler birds from this infectious disease. Liver organ vaccine showed significantly lower 

titre as compared to chicken embryo adapted vaccine in the broilers. Protection level of the 

vaccines was estimated through clinical signs, mortality, gross and microscopic lesions and 

histopathology of liver (Mansoor et al., 2011). Oil emulsified vaccines induced greater 

antibody titre (Mashkoor et al., 1994) as compared to formalin inactivated liver homogenate 

vaccines. An inactivated vaccine, prepared from liver homogenate extracted with chloroform, 

inactivated with formalin and adjuvanted with liquid paraffin was highly effective against 

challenge in chickens aged 4, 5 and 7 weeks (Roy et al., 1999). 

In recent study, Mansoor et al. (2011) reported that the vaccine prepared from 

infected liver of diseased birds inactivated by formalin were incompetent in protecting the 

broiler industry of Pakistan from this infectious and destructive disease of economic 

importance. Owing to infectious character of the disease, the researchers are in search of a 

suitable vaccine and vaccine production in cell culture system seems to be the best option, 

with strict bio-security and high standard of hygiene and management. More recently, 

vaccines propagated in cell cultures and embryonated eggs have been developed. 

Experimentally, a vaccine was developed by propagating the virus in chickens liver cells and 

embryonated eggs by allantoic route (Naeem et al., 1995). Mansoor et al., (2011) developed 
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a chicken embryo adapted and attenuated vaccine to protect the broiler birds. A field isolate 

of IBH-HPS was adapted to chickens embryos after 4 blind passages. The adapted IBH-HPS 

virus was serially passaged 12 times more for attenuation. The prepared vaccine was trialed 

and groups of broilers were vaccinated with 16th passage attenuated virus vaccine and 

commercial formalized vaccine. The antibody response was evaluated through ELISA and 

antibody response was significantly higher statistically (P<0.05) in the groups vaccinated 

with 16th passage attenuated viral vaccine as compared to the group vaccinated  with liver 

organ inactivated vaccine at 7, 14 and 21 days post-vaccination. In challenge protection assay 

the group vaccinated with 16th passage live attenuated vaccine conferred maximum (94.73%) 

protection as corroborate on the basis of clinical signs, liver and heart gross lesions, histo-

pathological lesions in the liver and mortality. The birds inoculated with liver organ 

formalized vaccine showed significantly low (P<0.05) antibody titre by ELISA. The 

protection was 55% anticipated based on gross lesions on liver and heart, clinical signs, 

histo-pathological lesions of liver and mortality. High mortality (70%) and high morbidity 

(84%) was observed in unvaccinated control group birds. Naeem et al., (1995) found that the 

cell culture vaccine, inactivated gave protection against subcutaneous challenge with 1 ml of 

a 20% liver homogenate. 

Many strains of IBH-HPS have been adapted on primary cell culture of chicken 

embryo origin and cytopathic effects have been observed. These primary cell culture include 

chicken embryo fibroblast (CEF) cells, chicken embryo kidney (CEK) cells and chickens 

embryo liver (CEL) cells. Roy et al., (2001) reported that the IBH-HPS virus was adapted on 

Vero cell line after four blind passages. The primary cell culture produce low yield of virus 

and may also be contaminated with some extraneous viruses of avian origin (Muller and 

Becht, 1982). Vero cell line is an approve substrate fro viral vaccine production. Lin et al. 

(2002) characterized a Vero-cell adapted virulent strain of enterovirus 71 suitable for use as a 

vaccine candidate. On passage on Vero cell line, the enterovirus produces high viral titre and 

remained genetically stable. These above features, such as high yield of virus, strong 

immunity and passage stability, are desirable features in prototype virus for the development 

of an effective viral vaccine.  

Newcastle disease virus (NDV) was adapted on Vero cell line after five consecutive 

passages (Ahamad et al., 2004). Infectious bursal disease (IBD) virus was also adapted on 
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Vero cell line and attenuated vaccine was evaluated. Vero cell adapted and attenuated 

vaccine gave 100% protection revealed on the basis of mortality (Rasool and Hussain, 2006). 

Vero cell line, an approved substrate for virus vaccine production was used in the 

present study for adaptation and attenuation of IBH-HPS virus to produce the safe, economic, 

immunogenic and non-pathogenic vaccine for a first time in Pakistan. 
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____________        CHAPTER 3 

MATERIALS AND METHODS 

 
3.1 Procurement of IBH-HPS Virus 

 IBH-HPS virus was procured from Institute of Microbiology, which was already 

isolated, identified, purified and had Accession number DQ 264728 from field outbreaks in 

Pakistan. 

3.2 Recharacterization of procured virus 

 Procured IBH-HPS virus was inoculated into 15 healthy broiler birds at the age of 15 

days and kept under controlled conditions in Laboratory Animal House, Institute of 

Microbiology. Out of 15 birds, 5 birds inoculated with 0.5 ml purified IBH-HPS virus 

through s/c route (Ahmad et al., 2011), 5 birds were given purified virus through drinking 

water and 5 birds were kept as negative control. The feed and water offered to all the broiler 

birds having the same condition and the same environment. 

3.2.1 Isolation of IBH-HPS virus 

 The livers of diseased birds were collected aseptically and processed for the isolation 

of IBH-HPS virus. The diseased birds were showed pathognomonic lesions upon post 

mortem. The infected livers were chopped into small pieces with help of scalpel and a 20% 

w/v solution was made. This solution contained phosphate-buffered saline, 100 IU penicillin 

G per ml, 100µg streptomycin per ml and 0.5 ml/100ml amphotericin B. The solution was 

subjected to homogenizer and liver homogenate was then centrifuged at 2000xg for 15 

minutes. The supernatant was collected in sterile containers and stored at -20oC till further 

use (Mansoor et al., 2011). 

3.2.2 Identification of IBH-HPS virus 

 Agar gel precipitation test was performed for identification and confirmation of IBH-

HPS virus 

3.2.2.1 Raising of hyper-immune sera 

Hyper-immune serum was raised in twenty, 17-day-old broiler birds using UAF-

Angavac (An egg adapted montanide adjuvanted vaccine produced by Institute of 

Microbiology, University of Agriculture, Faisalabad). A dose of 0.5 ml of UAF-Angavac was 
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administered sub-cutaneously to 15 broiler birds and 5 birds were kept as a control. After one 

week, the birds were again inoculated with the same dose of vaccine. On day 14 post 

boosting of vaccine virus, the blood samples were collected aseptically, serum was separated, 

and heat inactivated in water bath at 56oC for 30 minutes (Mansoor et al., 2009). Heat 

inactivated serum was used in the test and stored at -20oC.  

3.2.2.2 Agar gel precipitation test (AGPT) 

Agar gel precipitation test (AGPT) was used to identify and confirm the presence of 

IBH-HPS virus in processed samples (Beared, 1970) 

 A 1.0% Noble agar gel was prepared in 0.15 M phosphate buffer containing 0.8% 

sodium chloride and was autoclaved 

 The melted agar was poured in Petri dishes and the thickness of the layer was 3-5 mm 

 Six wells were made in the solidifying gel with gel puncture. The bottom of the wells 

were sealed by melted agar and the diameter was about 4 mm with distance 4 mm 

 The peripheral wells were loaded with suspected samples and the central well was 

loaded with IBH-HPS antiserum. The plates were incubated at 37oC for 48-72 hours 

in a presence of humidity 

 A positive control was also run and gave clear precipitation line  

 The positive samples gave a turbid precipitation line and negative samples have no 

precipitation line (Tanimura et al., 1995) 

3.3 Titration of IBH-HPS virus 

The purified IBH-HPS virus was titrated against known hyper-immune serum using 

Reverse Passive Haemagglutination test (Rajeswer and Dorairajan, 1999) 

3.3.1 Washing of Erythrocytes 

Human ‘O negative’ blood was collected with disposable syringe (BD) and 

immediately poured in a sterilized screw capped test tube containing sodium citrate. 

Centrifugation was done at 400xg for one minute after mixing the solution gently. The 

supernatant was discarded and the red blood cells (RBC’s) pellet suspended in 10 times 

saline solution. The centrifugation was done at 400xg repeatedly until and unless the 

supernatant became clear. 
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3.3.2 Sensitization of Erythrocytes 

Washed RBC’s were sensitized with hyper-immune serum raised before. A 3 ml of 

packed erythrocytes and 6 ml of hyper-immune sera were mixed thoroughly and after that 6 

ml of phosphate buffer saline (PBS) was added in a screw capped sterilized test tube. The 

contents were mixed thoroughly and kept at 37oC for 2 hours. The antibody sensitized 

erythrocytes were washed three to four times in PBS and 1% final suspension was made to 

use in the RPHA test. 

3.3.3 Test Procedure 

 Two fold serial dilutions of purified IBH-HPS virus was prepared in PBS in each row 

of 96 wells micro titration plate 

 The last well of each row was not loaded with IBH-HPS virus as these wells were 

kept as negative control 

 An equal amount of antibody sensitized RBC’s suspension was added in all wells of 

micro titration plate 

 All the contents were mixed gently by taping the sides of micro titration plate and 

incubated at 25oC for 15 minutes 

 The reciprocal of the highest dilution of virus showing agglutination was the titre of 

IBH-HPS virus   

3.4 Glassware and its Preparation 

3.4.1 List of glassware 

Beakers 

Glass bottles (10ml, 25ml, 50ml, 500ml and 1000ml) 

Cylinders 

Test tubes 

Roux flasks 

Petri-dishes 

Cover slips 

Slides 

Filter assembly 

Cryo vials 
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Glass Pipettes 

3.4.2 List of Plastic-ware 

Micro tips 

96 wells flat bottom culture plates 

24 wells flat bottom culture plates 

6 wells flat bottom culture plates 

Petri dishes 

All the  new glassware was dipped in Dichromate solution 24 hours to remove grease and oil.  

3.4.3 Dichromate solution (stock solution) 

Potassium dichromate  65 grams 

Distilled water   100 ml 

Concentrated sulphuric acid 900 ml 

65 grams of potassium dichromate (orange red color) was weighed and mixed in 100 

ml distilled water. The suspension was heated for 10 minutes with continuous stirring. The 

dichromate salt was swell up, was not dissolved in the water and sediment at the base. 

Concentrated sulphuric acid was taken (900 ml) in a beaker (Pyrex) of 2 liters capacity and 

the dichromate slurry was added in the sulphuric acid (H2So4) along wall of the beaker and 

mixed gently to dissolve the dichromate slurry. Then, 9 liters of distilled water was taken in a 

plastic tub (20 litter capacities) and acidic dichromate solution (stock solution) poured the in 

the distilled water along the wall of the tub. 

The glassware was dipped in working Decon’s solution for 24 hours. The Decon’s 

solution is poured off from each of the glass ware. The glass ware was then washed in tape 

water and rinsed 10 times with distilled water. 

3.4.4 Sterilization 

 All the glassware used in the cell culture laboratory was washed thoroughly and 

finally rinsed with De-ionized double distilled water. After proper washing, glassware was 

wrapped in aluminum foil and sterilized in hot air oven at 171oC for 1 hour. All the corks and 

caps of test tubes were autoclaved at 121oC for 30 minutes. 

3.5 Chemicals, Culture Media and Reagents 

 All the chemicals, reagents and culture media used for cell culture are of high purity 

and cell culture grade. All the culture media have balanced salt solution, a protein or serum 
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supplement and a combination of antibiotics and antifungal to control the accidental 

microbial and fungal contamination. Recipes of different chemicals, reagents and culture 

media prepared are given below 

3.5.1 Dulbecco’s Phosphate Buffered Saline 

Distilled water  800 ml 

NaCl   8.0 grams 

KCl   0.2 grams 

KH2PO4  0.2 grams 

Na2 HPO4 2H2O 1.15 grams 

MgCl2 6H2O  0.1 grams 

All the ingredients weighed and added in to the distilled water. After mixing all the 

ingredients in the water, solution was autoclaved at 121oC at 10 lbs for 10 minutes.  

3.5.2 Trypsin-EDTA Solution 

NaCl     8.0 grams 

KCl     0.2 grams 

Na2 HPO4    1.15 grams 

KHPO4    0.2 grams 

Trypsin    2.5 grams 

Streptomycin    0.1 mg 

Penicillin    100,000 IU 

Double Distilled Water (DDW) 1000 ml 

Above mentioned ingredients were measured and added in double distilled water 

(DDW) in the order given and stirred on magnetic stirrer until Trypsin completely dissolved. 

The prepared solution was sterilized through filtration for further use. 

3.5.3 Growth Medium (M199, DMEM, EMEM) 

M199    900 ml 

Fetal bovine serum (FBS) 100 ml 

In this study, different growth media were used for the growing of cells in confluent 

monolayer. Prepared media were also used. In the growth medium, the concentration of fetal 

bovine serum (FBS) was 10%. 
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3.5.4 Maintenance Medium 

M199    950 ml 

Fetal bovine serum (FBS) 50 ml 

The composition of maintenance medium was different from growth medium as the 

maintenance medium contained 5% FBS. 

Trypan Blue Solution 

Trypan blue   0.5 grams 

Phosphate buffer saline 100 ml 

Trypan blue solution was prepared by adding trypan blue in phosphate buffer saline 

and filter sterilized when used. 

3.5.5 Storage Medium 

M199    100 ml 

FBS    20 ml 

Dimethyl sulfoxide (DMSO) 10 ml 

During continuous manipulation of cell line, there were chances of accidental 

microbial contamination of cell line. For this purpose, cells were stored in liquid nitrogen at -

196oC.     

3.5.6 Antibiotic and Antifungal Solution 

Vials of cell culture grade penicillin and streptomycin were opened in bio safety 

cabinet and dissolved in sterile distilled water in 104 IU and 10 mg respectively, per ml. 

Amphotericin B used as 0.2 mg/ml. The mixture of the antibiotic and antifungal had been 

frozen in aliquots at -20oC. This stock solution added at the concentration of 1ml per 100 ml 

of media, which gave 100 IU of penicillin, 100 µg of streptomycin and 2 µg of Amphotericin 

B.  

3.5.7 Phenol Red (0.1%) 

Phenol red  1 gram 

N/10 NaOH  28 ml 

DDW   971 ml 

One gram of phenol red was triturated in 28 ml of N/10 sodium hydroxide and then 

DDW was added in the above mentioned quantity. The solution was autoclaved and stored at 

4oC. 
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3.5.8 Serum 

Fetal calf serum and fetal bovine serum both were used in the cell culture system. 

Serum must be sterilized. Prepared sera were used in this research. 

3.6 Cultivation of Vero Cell Line 

Vero cell line was procured from Institute of Microbiology, University of 

Agriculture, Faisalabad as it was imported from Center for Applied Microbiology and 

Research having catalogue no. ATCC CCL81. 

3.6.1 Assessment of viable cells 

Cells were counted in a standard Neubauer counting chamber. Viability was 

determined by adding 0.5 percent solution of trypan blue to cell suspension. Trypan blue was 

selectively absorbed by the non viable cells, which was stained an intense blue color while 

the viable cells remained unstained. 

3.6.2 Procedure 

The supporting ridges of counting chamber were moistened and the cover slip was 

applied by pressing firmly until and unless the Newton ring appeared. 

 The cells were mixed in suspension by pipetting them up and down and a single drop 

was transferred to haemocytometer chamber very quickly. This fluid was drawn 

through capillary action. 

 All the cells were counted using 16 mm objective focus on large square (contains 16 

smaller squares). Counted all the cells in the square omitted those on the lower and 

right hand line but included those on the upper and left hand lines. 

 Four corner squares were counted; mean was calculated and multiplied by 10000. 

This gave the number of cells per ml. 

3.7 Revival of Vero cells 

Vero cell line revived in 25 cm2 tissue culture flask (Orange, UK) 

3.7.1 Procedure 

 Vero cells containing cryo vial was taken out from the liquid nitrogen cylinder and 

immediately shifted to 37oC water bath 

 Cells were thawed rapidly until and unless whole the vial was thawed 
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  The ampoule was agitated regularly and immediately shifted in growth medium for 

plating out 

 The Vero cells attained their normal growth rate in 3rd passage. 

3.7.2 Preparation and Sub-culturing of Monolayer 

After revival of Vero cells, the plates were examined under inverted microscope 

(Olympus CK40 Japan) daily and the confluent monolayer was completed in 3-4 days. 

Growth medium contained 10% fetal bovine serum used for preparation and sub-culturing of 

Vero cells.  

 Monolayer cell culture flask was taken from CO2 incubator and visualized under 

inverted microscope (Olympus CK40 Japan) 

 Cell culture flask, which had 95% monolayer was selected for sub-culturing 

 All the reagents and media were pre warmed in water bath at 37oC 

 Cell culture flask was opened in bio safety cabinet II (ESCO) and the media was 

discarded 

 Washing was done with DPBS (without ca++ and Mg++) to remove the contents of 

serum in the media because serum can affect the action of Trypsin 

 Trypsin-EDTA solution (2-3 ml) was added in 25cm2 cell culture flask and placed in 

an incubator at 37oC for 3-5 minutes 

 Single cell suspension was made after trypsinization of Vero cells 

 Cells were equally distributed in to 4 or 5 daughter cell culture flasks depending upon 

the density of cells in mother flask  

3.8 Cryopreservation of Vero cell line 

 It is necessary to preserve the cell line because contamination may occur at any stage 

during working with cell line. The cells were preserved in storage medium and propagated 

time to time when required 

3.8.1 Procedure 

 Confluent monolayer flask was taken out from incubator and visualized under 

inverted microscope 

 Trypsinized the cell layer and brought in to single cell suspension by numerous 

pippeting 
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 Centrifuged the cell suspension at the rate of 500xg for 5 minutes and supernatant 

was discarded 

 Resuspend the cell pellet in storage medium containing 20% serum and 10% DMSO 

 Cryo vials were filled up without any delay and sealed tightly 

 Cryo vials immediately shifted in -20oC refrigerator for 24 hours 

3.9 Adaptation and attenuation of IBH-HPS virus 

The indigenous purified IBH-HPS virus was used for adaptation and attenuation in 

the current research. 

3.9.1 Infection of Vero cells 

IBH-HPS virus was used to infect healthy confluent monolayer of Vero 

 The growth medium of the cell culture flask was discarded and the layer was washed 

with pre warmed DPBS 

 A 0.3 ml of virus inoculum was added onto the monolayer through 0.2 um syringe 

filter (Filter Tek) 

 The flasks were incubated for 1 hour at 37oC to allow the virus adsorption on Vero 

cells 

 7 ml of pre warmed sterilized maintenance medium was added after adsorption in 

each inoculated flask 

 All the infected flasks were placed in CO2 incubator and examined twice daily for the 

appearance of cytopathogenic effects (CPEs) 

3.9.2 Harvesting of virus 

The culture flask after incubation of 5 to 6 days subjected to harvesting and harvested 

virus was used for next infection of monolayer. The culture fluid was harvested by freeze-

thaw cycles  

 The infected flasks were placed in -20oC for overnight 

 Then the flasks were thawed at room temperature and again placed in -20oC for 

overnight (cycle repeated three times) 

 The virus suspension after three freeze thaw cycles poured in centrifugation tube and 

centrifuged at 1000xg for 10 minutes 

 The clear supernatant was collected and marked as passage 1 (P1) and stored at -85oC 
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3.10 Adaptation and Attenuation 

The passage 1 (P1) virus was used to infect again to healthy monolayer of Vero cells 

after harvesting.  Infected cell culture flasks were observed daily for appearance of CPEs.  

Again the virus was harvested as stated above and labeled as passage 2 (P2). This cycle was 

repeated to get successive passage numbers of IBH-HPS virus. The adapted IBH-HPS virus 

was serially passaged for attenuation. 

3.11 Confirmation of adapted virus 

Cytopathogenic effects (CPEs) were clear indicative of adaptation of IBH-HPS virus 

on Vero cells. Characteristic changes in the infected cells were observed and data was 

recorded at every step. The time of appearance of CPEs and also intensity was noted in each 

passage. For further confirmation, the supernatant after every step was subjected to AGPT 

using known hyper immune sera (Cullen and Wyeth, 1975). 

3.12 Pathogenecity testing of IBH-HPS virus 

The attenuation of virus was examined through its pathogenecity testing in natural 

host. For this purpose, 80 broiler birds were reared in the Animal House of Institute of 

Microbiology. At the age of 15 days, 8 groups (A, B, C, D, E, F, G and H) were made each 

having 10 birds. The original virus and passage number 4, 5, 6, 7, 8 and 9 was inoculated in 

group A to G with dose 0.2 ml through sub-coetaneous (s/c) route, respectively. The group H 

was inoculated with normal saline as negative control. The birds were examined daily for 

clinical signs and mortality. At the day 7 and 14 post inoculation, three birds from each group 

were randomly selected for slaughtering. The gross and pathological lesions on liver, heart 

and kidneys were observed. The histo-pathological changes were also observed. 

3.13 Titration of attenuated IBH-HPS virus 

Titration of attenuated IBH-HPS virus was calculated by Tissue culture infective dose 

50 (TCID50) and plaque assay 

3.13.1 Plaque assay 

The plaque assay was performed to calculate plaque forming unit (PFU/ml) according 

to standard procedure 

 A 1: 100 dilution was made by adding 10 µl viral stock to 990 µl medium 
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 Serial dilutions were made 1:10 by transferring 100 µl of diluted virus to 900 µl 

medium 

 Vero cells were infected with each dilution of virus in 6 well plate  

 Incubated the cells for 60 minutes at 37oC for proper adsorption of virus 

 Agarose overlay medium was prepared by melting 5 ml 5% agarose and cooled to 

44oC 

 45 ml of growth medium was warmed and mixed with 5 ml 5% agarose 

 After incubation, the virus containing media was removed and 3 ml agarose solution 

was added in each well 

 The plates were placed in incubator at 37oC after the agarose was set 

 Plaques were visible after 7 days 

 The plaques were stained with 0.03% neutral red by adding neutral red for 2 hours 

 The number of plaques forming units were calculated from the dilution, which gave 

30-50 plaques by following formula 

 #plaques/(d*v)=pfu/ml 

3.13.2 Tissue culture infective dose 50 (TCID50) 

Tissue culture infective dose 50 (TCID50) was calculated of attenuated IBH-HPS 

virus according to Reed and Muench, 1938. 

 A 10 fold serial dilution was made in phosphate buffer saline (PBS) from 10-1 to 10-10 

 Vero cells were grown in 96 well micro titration plate in confluence monolayer 

 A 100 µl of each virus dilution was added in each well of first row of micro titration 

plate with help of micro dispenser  

 Leaved the last two wells un inoculated as negative control and plate was incubated at 

37oC in 5% CO2 for 5 days 

 The plates were observed thrice daily for CPEs and after appearance of CPEs, wells 

were stained with neutral red 

 Excess neutral red was washed out and dried plates were examined under inverted 

microscope 
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3.14 Preparation of Vaccines 

Two types of vaccines were prepared using indigenous IBH-HPS virus and tested for 

their protection capability, safety and sterility along with commercial formalized vaccine 

(Bio angara, Sana Laboratories Faisalabad, Pakistan)   

3.14.1 Preparation of live attenuated lyophilized IBH-HPS vaccine 

The Vero cell adapted IBH-HPS virus was serially passaged until attenuation. 

Adapted virus gave clear CPEs and the passage number, which gave consistent CPEs was 

subjected to pathogenecity testing. The 9th passage was showed attenuation in trials and used 

as vaccine candidate. The 9th passage was again filtered through 0.2 µm filter and 

lyophilized. Lyophilization was done in the laboratory and the final prepared vaccine was 

given to broiler chickens. The prepared vaccine was tested for sterility and stability before 

given to birds. 

3.14.2 Preparation of an oil adjuvanted inactivated IBH-HPS vaccine 

IBH-HPS virus was purified as described earlier, was used for the preparation of oil 

adjuvanted inactivated vaccine. ISA-207 montanide oil was used as oil in vaccine 

preparation. The EID50 calculated virus was mixed 50/50 v/v in a container and homogenized 

by homogenizer (Aslam et al., 2012).    

3.14.3 Preparation of cell culture adapted inactivated vaccine 

The 3rd passage of IBH-HPS virus was taken and inactivated by adding beta-

propiolactone (Fellows Medical, Mich) at the rate of 0.2 %. The final solution was incubated 

at 37oC for 2 hours for complete inactivation of live IBH-HPS virus. 

3.14.4 Sterility and stability testing  

All prepared vaccines were checked for their sterility and stability before trials in 

experimental birds. For sterility testing 5 ml of all vaccines were centrifuged at 500xg for 10 

minutes and the sediment was streaked on to MacConkey’s agar, blood agar, nutrient agar 

and Sabroud’s agar plates. Loop full sediment was also inoculated in Frey’s modified 

medium for Mycoplasma. The plates were incubated at 37oC for 48 hours except Sabroud’s 

agar and Frey’s medium. The Sabroud’s agar plates were incubated at 25oC in a humid 

chamber and Frey’s medium plates were incubated for 10 days. All the plates were observed 

for microbial contamination. 
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Stability of prepared vaccines was checked at different temperatures and shelf life 

was recorded (Stone et al., 1978). 

3.15 Evaluation of Vaccines 

Lyophilized live attenuated, cell culture adapted inactivated, oil adjuvanted 

inactivated IBH-HPS vaccine and commercial vaccine were used in experimental trials 

3.15.1 Experimental Design 

Two hundred and fifty broiler chicks were purchased from local market and reared in 

the Animal House of Institute of Microbiology. The chicks were offered feed and water ad 

libitum under strict hygienic and bio security measures. Two hundred and fifty birds were 

divided into five groups (G1, G2, G3, G4 and G5) of fifty birds each. Group 1 to group 4, all 

the birds of each group were vaccinated with lyophilized live attenuated, cell culture adapted 

inactivated, oil adjuvanted inactivated IBH-HPS vaccine and commercial vaccine at the age 

of 15 days. The group 5 (G5) kept as negative control in the whole experimental design. 
 

GROUP VACCINE ROUTE DOSE 

G1 Lyophilized Live attenuated vaccine D/W 103.5 TCID50 

G2 Cell culture adapted inactivated vaccine S/C 0.2 ml 

G3 Oil adjuvanted inactivated vaccine S/C 0.2 ml 

G4 Commercial vaccine (Bio angara) S/C 0.2 ml 

G5 Un vaccinated control   

 

3.15.2 Pathogenecity of vaccines 

At 5, 7, 14 and 21 days post vaccination, 5 birds from each group were randomly 

selected and slaughtered. Weight of individual bird was recorded. Organ to body weight ratio 

was calculated after collecting organs from each group bird selected. 
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3.15.3 Gross and microscopic lesions 

Gross lesions were recorded on liver, Heart and kidneys. The livers were collected 

and fixed in 10% (v/v) neutral buffered formalin. The fixed livers were processed and 

subjected to histo-pathology (Chavez et al., 2002). 

 Liver tissue were fixed in fixative solution for 24 hours, after 24 hours tissue were 

washed with running tap water overnight 

 After washing, tissue were dehydrated by dipping the tissues in ascending grades of 

absolute ethyl alcohol 

 The dehydrated tissue were clarified by rinsing it with two changes of 100% xylene 

and embedded in melted paraffin 

 Blocks were made after embedding and cut in to 6 µm thin sections with a Historange 

Microtome 

 The ribbons of sectioned tissues were placed on surface of water in a water bath at 

56oC 

 After full stretching, the floating sections were lifted on to glass slides smeared with 

thin film of Mayer’s egg albumin before 

 Slides were placed on hot plate at 60oC for 5 minutes  

 Staining of the slides were performed in Tissue-Tek automatic stainer with standard 

Mayer’s haematoxylin and eosin stain 

 After staining the slides were dipped in xylene, per mount media was added and 

cover slips were applied 

 Tissue samples were observed under light microscope and evaluated       

3.15.4 Virus titration 

Virus was also titrated against known hyper immune sera at 5, 7, 14 and 21 days post 

vaccination through reverse passive haem-agglutination (RPHA) test as described earlier 

3.16 Immunogenicity of vaccines 

Blood samples were collected from five birds in each group selected randomly before 

vaccination and 7, 14 and 21days post vaccination in sterilized test tubes without coagulant. 

Serum was separated after coagulation and centrifuged at 1000xg for 10 minutes. Serum was 
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inactivated at 56oC for 30 minutes in a water bath. The humoral immune response was tested 

by measuring IBH-HPS antibodies titre in each group by ELISA. 

3.16.1 ELISA for Antibodies titre 

ELISA was performed according to standard procedure given by the manufacturer of 

the ELISA kit (TropBio, Australia) and antibody titre was evaluated (Rosenberger et al., 

1998). 

 ELISA diluents were made by adding 15 ml of the concentrate to 135 ml of distilled 

water 

 The 50 ml of wash buffer was added in 500 ml of distilled water 

 A 1 ml of ELISA diluents was added in test tube and 10 µl of test serum was added    

 Addition of diluted test serum was done in micro titration plate and incubated at room 

temperature for 1 hour 

 The seven standards were added in duplicate 50 µl each 

 Washing was done by using wash buffer prepared earlier three times  

 The 50 µl of conjugate was added in the plate by diluting the conjugate in 6ml of 

ELISA diluents 

 The micro titration plate was again incubated at room temperature for 1 hour 

 Washing was carried out and the 100 µl of substrate was added in each well of the 

micro titration plates and incubated at room temperature in dark 

 Reading of the plate was done in ELISA reader (BioTek) at 405 nm wavelength 

Cell mediated immune response 

Cell mediated immune response was evaluated in all the groups by injecting phyto-

haemagglutinin-P (PHA-P) in wattle of the birds. A 100 µl of PHA-P was injected in wattle 

of 5 birds in each group and the swelling of the wattle was measured by screw gauge and the 

difference between them was measured. 

3.16.2 Challenge protection assay 

A challenge protection assay was performed to evaluate all vaccines on trial. The 

remaining birds were injected with 105 embryo infective dose 50 (EID50) of IBH-HPS virus 

at 21days post vaccination in each group. Clinical signs, mortality and symptoms were 

observed twice daily. The dead and survived birds were subjected to gross lesions and 

histopathology and protection percentage was calculated. 
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3.17 Statistical analysis 

Data collected was analyzed through geometric mean titre (GMTs) and analysis of 

variance (ANOVA) at significance level P< 0.05 for all the tests   
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___________        CHAPTER 4 

RESULTS 

The present study was carried out to make lyophilized live attenuated vaccine from 

indigenous isolate of IBH-HPS, which proves to be more safe, immunogenic and effective in 

controlling the disease. The indigenous virus was procured from Institute of Microbiology. 

IBH-HPS virus was re-characterized and purified to use in cell culture system. Vero cell line 

was established in the Cell culture laboratory of Institute of Microbiology, University of 

Agriculture, Faisalabad. The indigenous virus was grown on Vero cells and attenuation was 

carried out through successive passages. The different vaccines (Lyophilized live attenuated, 

inactivated, montanide adjuvanted and commercial) were prepared and were tested in 

different experimental designs of broiler birds reared in Animal House of Institute of 

Microbiology, University of Agriculture, Faisalabad. 

4.1 Procurement of IBH-HPS virus and Re-characterization 

 IBH-HPS virus was procured from Institute of Microbiology that was already isolated 

from field outbreaks from the local area and sequenced as accession # DQ 264728. The 

indigenous virus was re-characterized by inoculating the virus into healthy birds, the birds 

inoculated with s/c route showed clinical signs after 2 days as compared to orally infected 

showed after 3 days under the same condition. The infected birds showed lethargic and 

ruffled feathers, mortality was also present. The livers of the diseased birds were collected 

aseptically for the isolation of IBH-HPS virus. On post-mortem fluid in the pericardial sac, 

enlarged and mottled liver, swelled kidneys were observed as shown in plate1 and 2.
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Plate 1: Hydropericardium and enlarged liver 

 

Plate 2: Amber colored fluid in pericardial sac and swallowed kidneys 
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4.2 Isolation and Identification of IBH-HPS virus 

 The isolation of virus was done by homogenizing the liver organ tissue in antibiotic 

and antifungal solution. The liver homogenate was centrifuged and the supernatant was 

collected. Finally, the supernatant was filtered through 0.22 um filters and used for 

propagation on the Vero cell line. Agar gel precipitation test was performed for the 

confirmation and identification of the virus. All the samples collected from the diseased birds 

showed positive results by making visible precipitation line against known hyper immune 

serum.  

4.3 Titration of IBH-HPS virus 

 The purified IBH-HPS virus was titrated through reverse passive haem-agglutination 

test (RPHA) using the known antibody sensitized 1% human O-ve erythrocyte suspension. 

High virus titre (512 to 1048) was found. The infectivity titre of the virus was calculated in 9 

days old embryonated chickens eggs. The infectivity of the virus was recorded up to 6 days 

post infection. There was stunted growth, petechial and ecchymotic haemorrhages and 

congestion of infected embryos. The 10-7 dilution infected one embryo at day 6 and 10-8 

showed no infectivity. Calculation of embryo infective dose fifty was done according to Reed 

and Munech, (1938) and shown in Table 1. 
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Table 1: Embryo infective dose 50 (EID50) of IBH-HPS virus 

Virus 

dilutions 

No. of 

embryo 

inoculated 

Infectivity post inoculation No. of 

infected 

embryos 

No. of 

non-

infected 

embryos

Cumulative 

no. of 

infected 

embryos 

Cumulative 

no. of non-

infected 

embryos 

%age of 

infectivity Day 1 Day 

2 

Day 

3 

Day 

4 

Day 5 Day 

6 

10-1 5 0 0 1 2 1 1 5 0 26 0 26/26=100% 

10-2 5 0 0 2 1 1 1 5 0 21 0 21/21=100% 

10-3 5 0 0 0 1 2 2 5 0 16 0 16/16=100% 

10-4 5 0 0 0 2 1 1 4 1 11 1 11/12=91.6%

10-5 5 0 0 0 2 2 0 4 1 7 2 7/9=77.7% 

10-6 5 0 0 0 1 1 0 2 3 3 5 3/8=37.5% 

10-7 5 0 0 0 0 0 1 1 4 1 9 1/10=10% 

10-8 5 0 0 0 0 0 0 0 5 0 14 0/14=0% 

10-9 5 0 0 0 0 0 0 0 5 0 19 0/19=0% 

10-10 5 0 0 0 0 0 0 0 5 0 24 0/24=0% 
 

    %age infectivity50-next below 50 
Proportionate Distance (PD) =  ---------------------------------------------------- 
    %age infectivity above 50- next below 50 
 

PD = 50-37.5/77.7-37.5 
PD = 12.5/40.2= 0.31 

EID 50 = 105.31
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4.4 Preparation of glassware and media 

 All the new glassware was dipped in Decon’s solution for 24 hours and then dipped 

in tap water for 12 hours. After 12 hours, all the glassware rinsed in de-ionized distilled water 

at least three times and sterilized in hot air oven (Memmert, Japan) at 171oC for 1 hour. Cell 

culture media (M199, DMEM and GMEM) was used for cultivation of Vero cell line. The 

disposable 25 and 75 cm2 cell culture flasks (Orange and SPL) were used for revival and sub-

culturing of Vero cell line.  

4.5 Preparation of Vero cell monolayer 

 Adult African green monkey kidney cells (Vero cell line) were thawed after removing 

from liquid nitrogen cylinder (-196oC) at 37oC immediately in a water bath. The complete 

description of the Vero cell line was given in Table 2. After thawing the cryo vial of Vero 

cells, was poured in the cell culture flask having M199 media with 10% fetal bovine serum. 

The cell culture media was pre-warmed in a water bathe and revival can be done Bio safety 

cabinet II (ESCO, BSL II, Korea). The cell culture flask was placed in CO2 incubator at 

37oC. The confluent monolayer was examined daily. The layer was formed in 3 days after 

revival as shown in plate 3, 4, 5 and 6, respectively. 

 

Plate 3: Vero cells 12 hours post revival at 100x 
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Plate 4: 36 hours post revival Vero cells at 100X 

 

Plate 5: 90% confluent monolayer after 72 hours 
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Plate 6: Vero cell monolayer at 200X 

Viability of the Vero cells 

Viability of the Vero cells was evaluated by staining the cells with Trypan blue dye 

and the cells were counted using haemocytometer. The live cells remained unstained and the 

dead cells were stained blue. Counting of live and dead cells was done and percentage was 

calculated. More than 85% cells were alive. These cells were used for sub-culturing. The 

normal Vero cells were fibroblast like and maintained in maintenance medium. 

No. of live cells:  104 

Total No. of cells:  120 

%age of live cells:  86.67% 
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Table 2: Complete description of Vero cell line  

ECACC No. 84113001 

Name Vero 

Morphology Fibroblast like 

Established from Normal adult African green monkey kidney 

Ploidy Aneuploid 

Mode of growth Monolayer 

Growth medium M199, DMEM 

Sub-culturing With 0.25% Trypsin EDTA 

Growth requirements 37oC 

Yield  High 

Source  Center for Applied Microbiology and Research (CAMR) 

(ECACC, Salisbury, UK) 

Catalogue No. ATCC CCL81 

Applications Virus studies, vaccine production 
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4.6 Cryo preservation of Vero cells 

  Cryo preservation of the Vero cells carried out in storage medium. The storage 

medium contained 20% fetal bovine serum and 10% DMSO. Cells were counted before 

preservation and Vero cells concentration was 2×106. The cryo vials were placed in -85oC 

over night and then shifted in liquid nitrogen cylinder at -196oC. 

4.6.1 Infection of Vero cell line with IBH-HPS virus 

 The indigenous isolate of IBH-HPS purified and used to infect healthy mono layer of 

Vero cell line. The IBH-HPS virus inoculum having EID50 105.31 passed through 0.22 µm 

filters (Filter-Tek) and 0.2 ml was inoculated on Vero cells. The inoculated flask was 

incubated at 37oC for 1 hour and then the maintenance medium was added. The plate was 

observed under inverted microscope (CK 40 Olympus) daily for 6 days. No any cytopathic 

effect (CPE) was present in passage 1 up to 6 days post inoculation as shown in plate 7 to 10. 

The culture supernatant was harvested after 6 days by three freeze thaw cycles. This 

harvested supernatant was centrifuged and designated as P1. The P1 was used to infect 

another healthy confluent monolayer and observed for CPE. Passage 2 (P2) also did not show 

any changes in Vero cells. Again the P2 was harvested and inoculated and third passage 

showed CPE after 5 days post inoculation as shown in plate 11 and 12. However, the clear 

CPE was observed in fourth passage at 96 hours post inoculation. The forth passage 

considered as the IBH-HPS virus was adapted passage. After three continuous blind 

passages, the fourth passage showed consistent CPEs as shown in plate 13 to 16. 
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Plate 7: 12 hours post infected Vero cells with IBH-HPS virus  

 

Plate 8: 48 hours post infected plate of Vero cells 
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Plate 9: 96 hours post infection of Vero cells in passage 1 

 

Plate 10: Vero cells after 144 hours of infection with IBH-HPS 
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Plate 11: Slight changes in the Vero cells at 120 hours post infection at 3rd passage 

 

Plate 12: Appearance of cytopathogenic effects at 144 hours post infection at 3rd passage 
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Plate 13: CPEs at 96 hours post infection of virus in 4th passage 

 

Plate 14: CPEs at 72 hours post infection in 5th passage 
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Plate 15: CPEs appeared after 72 hours in passage 7 

 

Plate 16: Consistent CPEs appeared in passage 8 and 9 
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After 4th passage (P4), the indigenous IBH-HPS virus was adapted on Vero cell line. The 

CPEs continued to appear with the same intensity afterward. The CPEs appeared at 48 hours 

post inoculation after adaptation till 9th passage (P9). The Vero cell mono layers and CPEs 

from P4 to P9 at different times post inoculation were shown in plate 17 to 26. The 9th 

passage was completely attenuated (non-pathogenic) and it was further grown on fresh Vero 

cell mono layers to produce the attenuated IBH-HPS virus for use in the preparation of 

vaccine. 
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Plate 17: CPEs at 96 hours at 4th passage 

 

Plate 18: 144 hours post infection at 4th passage 



50 
 

 

Plate 19: 72 hours post infection at 5th passage 

 

 

Plate 20: 72 hours post infection at 6th passage 
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Plate 21: 72 hours post infection at 7th passage 

 

 

Plate 22: 96 hours post infection at 7th passage 
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Plate 23: 72 hours post infection at 8th passage 

 

Plate 24: 36 hours post infection at 9th passage 
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Plate 25: 48 hours post infection at 9th passage 

 

Plate 26: 72 hours post infection at 9th passage 
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4.6.2 Identification and titration of IBH-HPS virus 

 The IBH-HPS virus on Vero cell line was identified by its typical appearance of 

CPEs, i.e. rounding of cells, aggregation of cells and giant cell formation. The culture 

supernatant of each passage was subjected to reverse passive haem-agglutination test 

(RPHA). The passage 7 and passage 9 gave a titre of 512 as compared to P4 and original, 

which gave 256. The attenuated IBH-HPS virus was titrated by calculating plaque forming 

units (pfu/ml) and tissue culture infective dose 50 (TCID50). The Vero cell attenuated IBH-

HPS virus had 105 pfu/ml and tissue culture infective dose 50 was log10 6.70 TCID50/ml as 

shown in plate 27. 

 

Plate 27: TCID50 in 96 well plate  
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4.7 Pathogenicity testing of IBH-HPS virus 

 The in-vitro infectivity of adapted IBH-HPS virus increased in Vero cell line after 3rd 

passage. There were clear and consistent CPEs appeared in 3rd passage after 5 days till 

passage 9. But the pathogenicity of IBH-HPS after serial passages reduced considerably in 

chickens. The 9th passage of virus was completely attenuated showing no pathogenicity in 

chickens up to 14 days PI. The mean liver to body weight ratios and presence of hydro-

pericardium of different passages were shown in Table 3. 

Table 3: Pathogenicity of IBH-HPS virus passaged on Vero cell line 

Group Name Mean liver to body weight ratio Hydropericardium 

7 days post-

inoculation 

14 days post-

inoculation 

5 days post-

inoculation 

10 days post-

inoculation 

A 6.3 7.5 ++++ ++++ 

B 6.3 7.4 ++++ ++++ 

C 6.0 7.1 ++++ ++++ 

D 6.1 6.5 ++ +++ 

E 5.7 6.1 ++ +++ 

F 5.2 5.6 _ + 

G 4.9 5.5 _ _ 

H 5.1 5.5 _ _ 

A= Original IBH-HPS virus 

B= Passage # 4 

C= Passage # 5 

D= Passage # 6 

E= Passage # 7 

F= Passage # 8 

G= Passage # 9 

H= Negative control  
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4.8 Preparation of Vaccines 
 All the vaccines were prepared according to standard protocols. Live attenuated cell 

culture adapted vaccine 9th passage was used as vaccine. The 3rd passage inactivated vaccine 

was prepared in the laboratory. Oil adjuvanted vaccine (UAF-Angavac) was procured from 

Institute of Microbiology and commercial vaccine (Bio-Angara, Sana Lab.) purchased from 

the local market. 

4.8.1 Sterility test 

 All the vaccines were found sterile when inoculated on the different media. There was 

no turbidity in broth and no growth on agar media. There was no colonies observed on 

Nutrient agar, MacConkey agar, thioglycolate agar and blood agar even after 72 hours post 

streaking. The pleura pneumonia like organism (PPLO) broth was also free from any 

contamination observed for 10 days post inoculation. On Sabauraud’s agar medium, no any 

fungal growth was seen up to 72 hours post inoculation. The results clearly showed that all 

the prepared vaccines in the laboratory of Institute of Microbiology used in the current study 

were free from any extraneous growth. 

4.8.2 Stability test 

 Stability test was performed for oil adjuvanted vaccine. The montanide adjuvanted 

vaccine was stable for three months at room temperature and 37oC. There was no any sign of 

separation of oil phase and aqueous phase. The oil adjuvanted vaccine was off white and 

viscous.  

 Lyophilized live attenuated vaccine was stored at +4oC after final preparation and 

testing for sterility. Oil adjuvanted vaccine was stored at room temperature until use in the 

experiment. 

4.9 Evaluation of vaccines 
 The birds in all groups in the whole experiment were vaccinated at 16 days of age and 

the control group was inoculated with PBS. The inactivated vaccine, oil adjuvanted vaccine 

and commercial vaccine was injected as per manufacturer instructions. The lyophilized live 

attenuated vaccine was given through drinking water.  

4.9.1 Organ to body weight ratio 

 Five birds from each group were selected randomly and slaughtered at day 0, 3, 5, 7, 

14 and 21post vaccination. The total body weight was determined before slaughtering in 

grams. The liver, spleen and Bursa were removed, weighed and the ratios ±SE were 

calculated in each vaccinated as well as the control group at different days post vaccination. 

The liver to body weight ratio was maximum in commercial vaccine vaccinated group (G4) 

followed by cell culture adapted inactivated vaccine vaccinated group (G2) followed by oil 
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adjuvanted vaccine vaccinated group (G3) and lyophilized live attenuated vaccine vaccinated 

group (G1). There was negligible difference between control group (G5) and G1 at (p<0.05). 

 The bursa to body weight ratio was maximum in G1 and G5 but minimum ratio was 

observed in G4 followed by G3 followed by G2. Similarly, the spleen to body weight ratio 

maximum in G1 and G5 but minimum in G4 followed by G3 followed by G2. All the above 

results were given in Table 4 to 9 and figure 1 to 6. 

4.9.2 Humoral immune response 

 Three birds from each group were selected randomly and their blood was collected in 

sterile test tubes without coagulant at day 0, 3, 7, 14 and 21 post vaccinations. Serum was 

separated, inactivated at 56oC for 30 minutes and subjected to ELISA. At day 0 all the groups 

have negligible titre, the geo mean titre (GMT) was 24.251 and 18.379 as shown in table 10 

and figure 7. Overall, the G1 showed geometric mean antibody titre at day 3, 7, 14 and 21 

post vaccination followed by G3, G2, G4 and G5. At day 3, GMT was 445.722 in G1 

followed by 388.027 in G2 followed by 294.067 in G3 followed by 222.861 in G4 as shown 

in table 11 and figure 8. At day 7, GMT was 776.044 in G1 followed 588.134 in G2 and G3 

followed by 337.794 in G4 presented in table 12 and figure 9. At day 14, GMT was 1552.09 

in G1 followed by 1176.27 in G3 followed by 675.588 in G2 and G4 as shown in table 13 

and figure 10. At 21 day post vaccination, GMT was 3104.19 in G1 followed by 1552.09 in 

G3 followed by 1176.27 in G2 followed by 776.47 in G4 presented in table 14 and figure 11. 

4.9.3 Cell mediated immune response 

 For evaluating cell mediated immune response PHA-P injected in wattle of all 

vaccinated groups and swelling was measured. Maximum swelling was observed in G1 at 24 

and 48 hours post injection of PHA-P followed by G3, G2, G4 and G5 as shown in table 15 

and figure 12.   

4.9.4 Histopathological studies 

 Mean lesion scoring was done in this study and results showed that the mean liver 

score was highest in group vaccinated with commercial vaccine (G4) followed by inactivated 

vaccine (G2) followed by oil adjuvanted vaccine (G3). There was negligible difference 

between lyophilized live attenuated vaccine (G1) and control group (G5) as shown in Table 

16.  
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Table 4: Mean ±SE organ to body weight ratio at 0 day  

Group # Bursa Liver Spleen 

G1 0.31±0.00707ab 4.36±0.05099a 0.16±0.00583a 

G2 0.30±0.00707ab 4.22±0.08602a 0.16±0.00400a 

G3 0.28±0.01020b 4.32±0.07348a 0.16±0.00707a 

G4 0.31±0.00510a 4.08±0.08000a 0.15±0.00510a 

G5 0.30±0.00583ab 4.08±0.08000a 0.16±0.00510a 

          (Tukey’s HSD alpha<0.05) 

 

 

Figure 1: Mean ±SD organ to body weight ratio at 0 day 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 5: Mean ±SE organ to body weight ratio at 3 day post-vaccination  

Group Bursa Liver Spleen 

G1 0.326±0.00812a 5.14±0.05099c 0.178±0.00374a 

G2 0.23±0.01049c 5.74±0.09274ab 0.112±0.00374c 

G3 0.276±0.00748b 5.56±0.09274b 0.138±0.00374b 

G4 0.204±0.00510c 5.96±0.04000a 0.104±0.00510c 

G5 0.352±0.00583a 5.14±0.05099c 0.18±0.00707a 

     (Tukey’s HSD alpha<0.05) 

 

 

Figure 2: Mean ±SD organ to body weight ratio at 3 day post-vaccination 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 6: Mean ±SE organ to body weight ratio at 5 day post-vaccination 

Group Bursa Liver Spleen 

G1 0.376±0.00510a 5.28±0.05831d 0.178±0.00374a 

G2 0.276±0.00748b 5.88±0.03742b 0.12±0.00316bc 

G3 0.28±.00894b 5.78±0.05831bc 0.134±0.00510b 

G4 0.228±0.00583c 6.2±0.07071a 0.112±0.00374c 

G5 0.388±0.00374a 5.58±0.05831c 0.192±0.00374a 

    (Tukey’s HSD alpha<0.05) 

 

 

Figure 3: Mean ±SD organ to body weight ratio at 5 day post-vaccination 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 7: Mean ±SE organ to body weight ratio at 7 day post-vaccination 

Group Bursa  Liver Spleen 

G1 0.36±0.00707a 5.48±0.06633c 0.166±0.00510a 

G2 0.258±0.00970b 5.96±0.05099b 0.122±0.00374b 

G3 0.276±0.00600b 6.14±0.05099b 0.126±0.00510b 

G4 0.21±0.00316c 6.84±0.08124a 0.102±0.00374c 

G5 0.366±0.00510a 5.64±0.09274c 0.172±0.00374a 

     (Tukey’s HSD alpha<0.05) 

 

 

Figure 4: Mean ±SD organ to body weight ratio at 7 day post-vaccination 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 8: Mean ±SE organ to body weight ratio at 14 day post-vaccination 

Group Bursa Liver Spleen 

G1 0.286±0.00510b 5.78±0.05831d 0.152±0.00374a 

G2 0.266±0.00245c 6.26±0.05099bc 0.122±0.00583bc 

G3 0.25±0.00316c 6.48±0.12806b 0.132±0.00583b 

G4 0.196±0.00510d 7.4±0.07071a 0.104±0.00245c 

G5 0.314±0.00510a 6±0.03162cd 0.17±0.00316a 

     (Tukey’s HSD alpha<0.05) 

 

 

Figure 5: Mean ±SD organ to body weight ratio at 14 day post-vaccination 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 9: Mean ±SE organ to body weight ratio at 21 day post-vaccination 

Group Bursa Liver Spleen 

G1 0.33±0.00707a 6.12±0.05831d 0.166±0.00510a 

G2 0.29±0.00316b 6.38±0.03742bc 0.138±0.00374b 

G3 0.3±0.00447b 6.5±0.03162b 0.118±0.00374c 

G4 0.228±0.00583c 7.9±0.07071a 0.102±0.00374c 

G5 0.35±0.00707a 6.2±0.07071dc 0.182±0.00374a 

     (Tukey’s HSD alpha<0.05) 

 

 

Figure 6: Mean ±SD organ to body weight ratio at 21 day post-vaccination 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 10: ELISA Antibody titre at day 0  

Number of 

birds 

Group 1 Group 2 Group 3 Group 4 Group 5 

1 16 16 16 16 16 

2 32 32 32 16 32 

3 16 32 32 32 32 

4 16 16 16 8 32 

5 8 16 8 16 16 

GMT 24.251 21.112 18.379 21.112 24.251 

 

 

 

Figure 7: Geometric mean titre of ELISA at day 0 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 11: ELISA Antibody titre at day 3 

 
 

 

Figure 8: Geometric mean titre at day 3 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Number of 

birds 

Group 1 Group 2 Group 3 Group 4 Group 5 

1 512 512 128 128 16 

2 512 256 512 256 32 

3 256 512 256 256 32 

4 512 256 256 128 32 

5 512 512 512 512 32 

GMT 445.722 388.023 294.067 222.861 27.857 
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Table 12: ELISA Antibody titre at day 7 

Number 

of birds 

Group 1 Group 2 Group 3 Group 4 Group 5 

1 1024 512 512 256 32 

2 512 512 1024 512 16 

3 512 512 512 256 32 

4 1024 1024 512 256 16 

5 1024 512 512 512 32 

GMT 776.047 588.134 588.134 337.794 24.2515 

 

 

Figure 9: Geometric mean titre at day 7 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 13: ELISA Antibody titre at day 14 

Number of 

birds 

Group 1 Group 2 Group 3 Group 4 Group 5 

1 2048 1024 1024 1024 32 

2 2048 512 1024 512 16 

3 1024 512 1024 512 32 

4 2048 1024 2048 1024 32 

5 1024 512 1024 512 32 

GMT 1552.09 675.588 1176.27 675.588 27.8576 

 

 

Figure 10: Geometric mean titre at day 14 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 14: ELISA Antibody titre at day 21 

Number of 

birds 

Group 1 Group 2 Group 3 Group 4 Group 5 

1 4096 1024 2048 1024 32 

2 2048 1024 2048 512 16 

3 4096 2048 1024 1024 32 

4 4096 1024 2048 1024 32 

5 2048 1024 1024 512 32 

GMT 3104.19 1176.27 1552.09 776.047 27.8576 

  

Figure 11: Geometric mean titre at day 21 

 

Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 15: Cell Mediated immune response 24 and 48 hours post-injecting PHA-P 

Number 

of birds 

G1 G2 G3 G4 G5 

24 Hrs 48 Hrs 24 Hrs 48 Hrs 24 Hrs 48 Hrs 24 Hrs 48 Hrs 24 Hrs 48 Hrs

1 3.1 2.9 2.9 2.5 2.5 1.9 2 1.5 0.5 0.1 

2 3.3 3 3.1 2.7 2.4 2 2.3 1.4 0.4 0.2 

3 3.3 3 2.9 2.5 2.4 1.8 2 1.5 0.5 0.2 

4 2.9 2.7 2.5 2.4 2.1 1.9 1.9 1.3 0.3 0.1 

5 3 2.9 2.7 2.3 2.5 2 1.8 1.2 0.4 0.3 

Average 3.12 2.9 2.82 2.48 2.38 1.92 2 1.38 0.42 0.18 

 
 

 

Figure 12: Cell mediated immune response 24 and 48 hours post-injecting PHA-P 

 
Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Table 16: Overall mean liver lesion score ± SE of different vaccinated groups at 
different days 

Groups Day 0 Day 7 Day 14 Day 21 
G1 0.00±0.00b 0.20±0.200c 0.40±0.245b 0.00±0.00c 
G2 1.80±0.200a 2.40±0.245ab 2.00±0.316a 2.60±0.400b 
G3 1.60±0.245a 1.60±0.245b 2.00±0.316a 2.60±0.0245b 
G4 2.00±0.316a 2.60±0.245a 3.00±0.316a 3.80±0.200a 
G5 0.00±0.00b 0.00±0.00c 0.00±0.00b 0.00±0.00c 

        (Tukey’s HSD alpha<0.05) 

G1: Lyophilized Live Attenuated Vaccine; G2: Cell Culture Adapted 
Inactivated; G3: Oil Adjuvanted Vaccine (UAF-Angavac); G4: Commercial 
Vaccine (Bio-Angara); G5: Control 
 

Table 17: Overall weight gain ± SE of different vaccinated groups at different days 

Groups Day 0 Day 7 Day 14 Day 21 
G1 323±8.88 431±9.13a 635±10.00a 1285±10.36a 
G2 326±7.96 393±4.63bc 558±10.55c 1037±22.61c 
G3 331±7.81 401±3.67b 604±6.20b 1140±16.20b 
G4 331±4.58 373±5.61c 526±5.33c 1055±25.49c 
G5 334±6.20 447±6.63a 648±7.51a 1293±14.37a 

        (Tukey’s HSD alpha<0.05) 

G1: Lyophilized Live Attenuated Vaccine; G2: Cell Culture Adapted 
Inactivated; G3: Oil Adjuvanted Vaccine (UAF-Angavac); G4: Commercial 
Vaccine (Bio-Angara); G5: Control 
 

4.10 Challenge protection study 

 Following experimental infection, almost 70% mortality was recorded in control 

negative group (un-vaccinated) in this experiment. There was marked depression, off feed, 

reluctant to move and anorexia followed by death. There was significant variation in the 

mortality among vaccinated with lyophilized live attenuated vaccine and un-vaccinated 

groups. The lyophilized live attenuated vaccine prepared from indigenous isolate confers 

100% protection without any clinical signs and gross lesions. Almost 80% protection was 

observed in oil adjuvanted vaccine vaccinated birds and 60% protection achieved in 

commercial vaccine vaccinated group. The results are shown in the Table 18 and figure 13 

(A & B). 



71 
 

Table 18:  Mortality and protection percentage of all the groups up to 7 days post 

challenge 

Groups No. of birds 

challenged 

No. of birds 

died 

%age mortality Protection 

%age 

G1 10 0 0% 100% 

G2 10 3 30% 70% 

G3 10 2 20% 80% 

G4 10 4 40% 60% 

G5 10 7 70% 30% 

Group 1: Lyophilized Live Attenuated Vaccine; Group 2: Cell Culture Adapted Inactivated; 
Group 3: Oil Adjuvanted Vaccine (UAF-Angavac); Group 4: Commercial Vaccine (Bio-
Angara); Group 5: Control 
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Figure 13: [A] Overall survival proportions among all groups [B] survival proportion 

between G1 and G5 
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                                                                CHAPTER 5 

DISCUSSION 

Inclusion Body Hepatitis Hydro Pericardium Syndrome (IBH-HPS), is a disease of 

poultry birds, has currently been reported from different countries of America and Asia, 

specifically the disease of broiler birds and mainly affects at the age of 3-6 weeks. The 

disease characteristics are sudden occurrence, high mortality ranging up to 80% in broilers 

and as low as mortality (10%) in layers, related to hydropericardium. The course of disease is 

7-15 days under natural conditions (Chandara et al., 2000). 

IBH-HPS is a new broiler disease, which has spread throughout in Pakistan. It has 

multiple similarities with inclusion body hepatitis-anemia syndrome (IBH-AS). Recently, an 

outbreak of a disease exhibiting features of IBH-AS and IBH-HPS has been observed in 

North and South America. Mortality has been recorded to be higher than is usual of IBH-AS 

and some hydro pericardium has also been observed (Cowen, 1992). Although sporadic cases 

of this disease were observed as early as 1985, the present outbreak started in August 1987 

on a broiler farm in Angara Goth, a broiler rearing area near Karachi (Jaffery, 1988). By the 

summer of 1988 it had spread throughout Pakistan, resulting in the death of 100 million 

broilers. 

The disease has been observed almost exclusively in 3-6 week old broilers, although 

it has occasionally been seen in breeder pullets and layers (Ahmad et al., 1988; Jaffery, 

1988). All strains of broilers have been affected (Ahmad et al., 1988; Anjum et al., 1989). 

The most remarkable gross lesion is the fluid accumulation in the pericardium (Cheema et 

al., 1989). This feature has given rise to the common name hydropericardium syndrome 

(HPS). 

Initially, it was supposed that IBH-HPS was due to any nutritional deficiency or 

toxicity. The possible causes of the disease investigated were toxic fat agents, mycotoxins, 

sodium chloride, polychlorinated biphenyls, chlordane, and phyto-toxins, all of which were 

responsible to cause hydropericardium (Jaffery, 1988; Qureshi, 1988). However, all the 

attempts made in reproducing the disease in many experiments with feed samples from 

infected farms, feed containing mycotoxins or both were failed (Anjum, 1988; Anjum, 1990). 

The concentration of aflatoxins in the feed of birds more than 20 ppb is commonly linked 

with a lot of outbreaks of IBH, which causes high mortality and showed characteristic lesions 
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of IBH in addition to hydropericardium (Singh et al., 1996). However, the disease was 

reproduced by inoculating the liver homogenate prepared from infected birds through 

parental route in 2-5 days (Anjum, 1990). The search for an infectious agent was initiated by 

several diagnostic laboratories seeking to isolate a possible pathogen. An infectious agent 

was suggested as a possible cause based on transmission experiment in which young broiler 

chickens were infected using liver homogenate free from bacteria (Ahmad et al., 1989; 

Anjum et al., 1989). 

Subsequent studies confirmed that an adenovirus was associated with the condition, 

this being incriminated by the demonstration of either basophilic or eosinophilic intra nuclear 

inclusion bodies in the hepatocytes from the affected cases (Niazi et al., 1989; Afzal et al., 

1991; Gowda, 1994) and by the demonstration of discrete icosahedral virions in the purified 

liver extracts by the negative staining electron microscopy (Cheema et al., 1989). The disease 

was also reproduced experimentally in 28-day-old broilers by sub-cutaneous or oral 

inoculation of isolated FAV-4, with typical hydro pericardium and basophilic intra nuclear 

inclusion bodies in hepatocytes being observed in 4 day post inoculation (Dahiya et al., 

2002).  

Epidemiological factors were also studied and revealed that the flocks visited 

frequently by the vaccination crews were 15 times more likely to be affected by the 

syndrome than non-visited flocks and also associated with the development and spread of 

IBH-HPS in Pakistan (Akhtar et al., 1992). 

As the devastating disease had caused colossal economic losses and the disease was 

incompatible with chemotherapeutic agents (Khan et al., 1988; Sheikh, 1988), therefore it 

necessitated to vaccinate the birds with inactivated liver homogenate based vaccine. It has 

been brought under control by liver organ vaccines or inactivated cell culture vaccines given 

by sub-cutaneous route at 10-15 days of age. The vaccine is effective in the face of outbreak 

and significantly lowers reduces the mortality (Chandara et al., 2000). To control IBH-HPS 

initially, liver homogenates inactivated by formalin used extensively (Hussain et al., 1996; 

Kataria et al., 1997; Ahmad and Naz, 1990; Afzal et al., 1989; Anjum, 1988, 1990; Zia et al., 

2001). The liver homogenate vaccines have many drawbacks, the immune response provoked 

by formalin inactivated vaccine is not always consistent or predictable and there is greater 

risk of secondary bacterial infection. These liver homogenate vaccines are mainly prepared 
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by triturating the livers of chickens from the flocks that had been induced infection with 

respective virus to cause clinical IBH-HPS. 

There was a need of cell culture adapted and attenuated vaccine because cell culture 

adapted and attenuated vaccines gave protection levels for longer period, economical and 

there was no need of second shot of this vaccine. The immune response to this type of 

vaccine takes less time to develop and lasts longer. 

Humoral immune responses against IBH-HPS were measured in broilers following 

single vaccination with a lyophilized live attenuated vaccine; cell culture adapted inactivated, 

oil adjuvanted and commercial formalin inactivated vaccine and correlated with challenge 

protection. Live attenuated passage 9th vaccine protected 100% birds in the sense of 

mortality, clinical signs and antibody titre. On the other hand, β-propiolactone inactivated 

vaccine gave 70% protection and required 2nd shot. The oil emulsified inactivated vaccine 

gave 80% protection but lower weight gain was observed. The commercial vaccine gave 60% 

protection. In negative control, 70% mortality was recorded. The results showed higher 

protection against challenge in the group administered with live attenuated vaccine of IBH-

HPS. 

The present project was designed to evaluate and compare the immune response 

induced by lyophilized live attenuated vaccine, cell culture adapted inactivated, oil 

adjuvanted vaccine and commercial formalin inactivated in broiler chickens. Experiment was 

conducted on 250 broiler birds, divided in to 5 groups. Group 1 was vaccinated with 

lyophilized live attenuated vaccine, Group 2 was vaccinated with cell culture adapted 

inactivated vaccine, Group 3 was vaccinated with oil adjuvanted vaccine, Group 4 was 

inoculated with commercial formalin inactivated vaccine and Group 5 was kept as negative 

control. Serum samples were taken for checking immune response and challenge was given 

to birds to check the protection levels of vaccines. The antibody titres against IBH-HPS were 

measured on day 3, 7, 14 and 21 days post vaccination. All the groups showed variable titres, 

that was 1:2 to 1:8. This indicated that there were maternal antibodies present in the chicks. 

But these antibodies were not of protective level against IBH-HPS, because un-vaccinated 

birds died in case of challenge (Hussain et al., 1999). 

Immunity against IBH-HPS developed in about 6-9 days post vaccination (Chishti et 

al., 1989). Afzal and Cheema (1989) reported the development formalized vaccine (liver 
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organ formalized homogenate) against this syndrome, which provided more than 95% 

protection as indicated by vaccinated and un-vaccinated control flocks. A single vaccination 

at 10 to 12 days old was effective for the control of the disease, mortality in the vaccinated 

birds was 0.52% compared with 5.34% in un-vaccinated birds kept under the same 

conditions. Vaccination was also worked when vaccination was done in the face of an 

outbreak, mortality in the vaccinated infected birds was 2.33% compared with 10.27% in un-

vaccinated infected birds. The data indicate that a formalized vaccine prepared from the liver 

of experimentally infected birds could be used for the control of IBH-HPS. 

The purified IBH-HPS virus titrated through reverse passive haem-agglutination 

(RPHA) test as described by Rajeswer and Dorairajan (1999). A 1% final antibody sensitized 

human O-ve erythrocytes suspension gave best and reproducible results within 15 minutes at 

room temperature. Agglutination of antibody sensitized RBC’s by virus was taken as 

positive, while button formation as negative. The titre of purified IBH-HPS was 256 to 512. 

The embryo infective dose fifty (EID50) was also calculated (Reed and Muench, 1938). The 

infectivity titre was 105.31/0.2 ml. these results are in line with those obtained by Mansoor et 

al. (2011) and Aslam et al. (2012). IBH-HPS virus can be propagated on embryonated 

chicken eggs, primary cell cultures of avian origin and mammalian continuous cell line.  

Several primary cell cultures of avian origin are also used for adaptation of IBH-HPS 

virus. These include chicken embryo liver cells, chicken embryo fibroblast cells and chicken 

embryo kidney cells. The primary cell culture of avian origin produces low yield of virus and 

they have limited growth properties. They may also be contaminated with some extraneous 

viruses of avian origin (Rasool et al., 2006; Muller and becht, 1982).  

So there was need of cell cultures that will produce higher yields of IBH-HPS virus 

required for diagnostic purposes and vaccine production. Mammalian continuous cell line 

reported to be susceptible for IBH-HPS virus includes Vero cell line derived from African 

green monkey kidney cells (Roy et al., 2001). This continuous cell line has immortal growth 

properties, easy to manipulate and maintained in sterilized environment and also free from 

superfluous viruses of avian origin. So in this present study, Vero cell line was used for the 

adaptation and attenuation of indigenous isolate IBH-HPS virus. The M199 and DMEM 

medium with 10% fetal bovine serum was used to prepare confluent monolayer of Vero cells 

and the same medium with 5% fetal bovine serum were used as maintenance medium. The 
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indigenous isolate of IBH-HPS virus having 512 RPHA titre and 105.31/0.2 ml was inoculated 

on to the fresh, healthy confluent monolayer of Vero cells. No change was observed up to 6 

days (144 hours) post inoculation in first passage of Vero cells. In the second passage, Vero 

cells were normal again up to 6 days (144 hours) post inoculation. In the third passage after 4 

days (96 hours) post inoculation the Vero cells started to change their shapes. However, clear 

and consistent cytopathic effects (CPEs) were not observed in this passage. The indigenous 

IBH-HPS virus was not adapted to grow in first three passages.  

Clear and consistent CPEs of IBH-HPS virus was found during fourth passage. They 

started to change their shape and get aggregated from 72 to 96 hours post infection. 

Rounding of Vero cells was observed at 96 hours post infection. Vero cells were aggregated; 

formation of round cells, refractile cells and finally granulation was the sequence of changes 

(CPEs) observed from 4th passage onward up to 9th passage. The cytopathic effects (CPEs) 

appeared late i.e. after 96 hours post infection in 4th passage. Later on, in each passage, 

complete CPEs were found at 72 hours post-infection. These findings showed that IBH-HPS 

was adapted to grow in Vero cells in after three passages. Then, its virulence decreased after 

each passage but infectivity to Vero cells increases passage after passage. All these findings 

are in line with those observed by Roy et al., (2001). They adapted their local IBH-HPS virus 

on Vero cell line after three passages in India. The culture supernatant harvested at 144 hours 

post infection in first three passages and after 72 hours in rest of the passages. The growth 

medium was discarded and the virus was harvested by three freeze thaw cycles in each 

passage. It was subjected to AGPT for confirmation using known hyper immune serum after 

each passage. Ahasan et al. (2002) and Ahamad et al. (2004) also used agar gel precipitation 

test to confirm the IBD and ND viruses on Vero cell line, respectively.  

The pathogenecity of different passages and original IBH-HPS virus was checked in 

SPF broiler chicken. A 0.2 ml of each indigenous IBH-HPS virus (original) and passage 1 to 

passage 9 was inoculated at the age of 15 days along with negative control. Bursa, spleen and 

liver to body weight ratios, gross and histopathological lesions were observed up to 10 days 

post inoculation. It was cleared from the results that the pathogenecity of original IBH-HPS 

virus was reduced considerably after serial passages on Vero cell line. As the 9th passage was 

completely attenuated, showing normal organ to body weight ratios. 



77 
 

The attenuated IBH-HPS virus (9th passage) was subjected to lyophilization and 

lyophilized vaccine was used in the experiments. The 9th passage was titrated by plaque assay 

before lyophilization. The infected monolayers were overlaid with low melting agarose. 

After incubation of 5 days, plaques were formed about 5 mm in diameter and the virus titre 

was 106 pfu/ml. The infectivity of the attenuated 9th passage was also checked by calculating 

TCID50/ml. Vero cells, high infective virus titre coincides well with the appearance of CPEs. 

With all the above results and discussion, we reached at a finding that the indigenous IBH-

HPS virus was adapted and attenuated on Vero cell line (Continuous cell line) without prior 

passages to embryonated eggs or chicken embryo fibroblasts. Moreover, higher yield of 

attenuated was also produced on Vero cell line.  

The pathogenecity of different passages (Passage 1 to Passage 9) along with original 

IBH-HPS virus was checked in SPF broiler chickens. The pathogenecity decreases with the 

increasing number of passage on Vero cell line. The presence of hydropericardium and liver 

lesions indicated that the original IBH-HPS virus cause severe damage to liver and gradually 

decreases as passages increases. The maximum mean liver to body weight ratio was obtained 

in original IBH-HPS virus, passage 1 to 5 and then compared to normal. The 9th passage 

virus and negative control normal birds showed non-significant difference statistically. These 

findings were in accordance with Mansoor et al. (2011).   

After the results of pathogenecity testing, the last passage (9th passage) of IBH-HPS 

virus became a good candidate to be trailed as lyophilized live attenuated vaccine. Live 

attenuated Vero cell adapted IBH-HPS virus was harvested and filtered through 0.2 µm filter 

paper and purified virus was subjected to lyophilization. Apart from live vaccine, the 3rd 

passage of IBH-HPS virus was taken and inactivated by β-propiolactone @ 0.2% final 

concentration.  

The safety of lyophilized live attenuated virus was checked in broiler as described 

earlier. It was clear from the results that 9th passage of IBH-HPS virus was completely non-

pathogenic and safe to SPF chicks. The safety of inactivated virus usually means the test for 

inactivation. As in many inactivated vaccines, the virus is not completely inactivated. In the 

present study, the inactivated IBH-HPS was again passaged on Vero cell line. No change was 

observed up to 6 days post infection and there were no any CPEs. These findings confirmed 

that the IBH-HPS virus was completely inactivated by 0.2% β-propiolactone at 37oC for 2 
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hours and it has no residual infectivity on tissue culture. Hassan et al. (1996) found similar 

results with β-propiolactone. All the vaccines used in the present study were sterile and free 

from any microbial contamination as there was no bacterial and fungal growth observed on 

different general purpose media and selective media. Oil adjuvanted vaccine was stable at 

room temperature for 6 months.  

Comparative immunogenicity, pathogenecity and protection against challenge of 

lyophilized live attenuated vaccine, cell culture adapted inactivated vaccine, oil adjuvanted 

vaccine and commercial vaccine was determined in 15 days old commercial broiler chickens. 

Lyophilized live attenuated vaccine was administered through drinking water. Cell culture 

adapted vaccine, oil adjuvanted vaccine and commercial vaccine was administered through 

intra-muscular injection. No local and untoward reaction was observed in any group after 

vaccination.  

Pathogenecity of all vaccines in the whole experiment was determined through 

clinical sign, gross and histo-pathological lesions and organ body weight ratios among the 

birds vaccinated with lyophilized live attenuated vaccine (G1) and those of control. The 

mean bursa, spleen and liver to body weight ratios were non-significant in this group 

throughout experiment. Mean organ to body weight ratios were significantly differs in all 

other vaccinated groups. The cell culture adapted inactivated vaccinated group (G2) had 

mean bursa to body weight ratio less than normal. The mean spleen to body weight ratio was 

also significantly higher than control group (G5). Oil adjuvanted vaccine group (G3) had also 

higher mean liver to body weight ratio as compared to control group. Commercial vaccine 

vaccinated group (G4) had highly significant differences in mean bursa, spleen and liver to 

body weight ratios. All the ratios were tested statistically at significant level 0.05% using one 

way analysis of variance (ANOVA) and Tukey’s test.  

There was neither any clinical signs nor any death was observed in G1vaccinated 

with lyophilized live attenuated vaccine. The gross lesions score was also zero in case of G1. 

Mild lesions marked as (1) found in group 3 (G3) and moderate lesion score (2) was 

observed in cell culture adapted inactivated vaccine group 2 (G2) but severe lesion score (4) 

was observed in group 4 (G4) vaccinated with commercial vaccine. Histo-pathologically the 

group 1 had no any change as compared to other groups. There were mild to severe changes 

in the hepatocytes of group 3, group 2 and group 4, respectively. Changes included the 
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presence of intra-nuclear inclusion bodies, degenerative changes, infiltration of heterophils, 

lymphocytes necrosis and atrophy. Similar observations were observed by other workers 

upon experimental trials (Roy et al., 1999).  

For immunogenecity trials, enzyme linked immune sorbent assay (ELISA) was 

carried out and performed in 5 birds selected randomly from each group at day 0, 5, 7, 14 and 

21 days post vaccination (PV). ELISA was more sensitive and specific test as compared IHA 

and AGPT and should be used when antibody titre was low or when the quantization of 

antibodies is important. The ELISA titre was low at day zero (0) in all groups under trial at 

day 15. The GMT was 18.379 and 24.251 observed before vaccination in all groups. The 

group 1 gave 445.722, 776.047, 1552.09 and 3104.19 geometric mean ELISA antibody titres 

at day 3, 7, 14 and 21 days post vaccination, respectively. The group 2 gave 388.023, 

588.134, 675.588 and 1176.27 geometric mean ELISA antibody titres at 3, 7, 14 and 21days 

post vaccination respectively. The group 3 gave 294.067, 588.134, 1176.27 and 1552.09 

geometric mean ELISA antibody titres at 3, 7, 14 and 21 days post vaccination, respectively. 

The group 4 gave 222.861, 337.294, 675.588 and 776.049 geometric mean ELISA antibody 

titres at 3, 7, 14 and 21 days post vaccination, respectively. The group 5 (control negative 

group) gave 27.857, 24.251, 27.857 and 27.857 geometric mean ELISA antibody titres at 3, 

7, 14 and 21 days post vaccination, respectively. 

These results clearly indicated that the lyophilized live attenuated vaccine attained 

rapid and high antibody titre as compared to all other vaccines under trial. The oil adjuvanted 

vaccine attained maximum antibody titre at 21 days post vaccination but the protection level 

of antibodies started late as compared to inactivated vaccine. Commercial vaccine attained 

very low antibody titre in the whole experiment as compared to all other vaccine in this 

present study. These results are in line with observed by Aslam et al. (2012). Overall results 

of immunogenicity trials clearly suggested that the lyophilized live attenuated vaccine 

prepared from indigenous isolate of IBH-HPS had superiority over all other vaccines used in 

the present trial. 

The cell mediated immune response was also checked in all the groups under trial of 

different vaccines. The phytohaemagglutinin-P (PHA-P) was injected in the wattle of 

vaccinated birds groups at random and control negative group also. Maximum swelling was 

observed in group 1 vaccinated with lyophilized live attenuated vaccine followed by group 2 
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vaccinated inactivated vaccine followed by oil adjuvanted vaccine followed by commercial 

vaccine vaccinated group. These finding are in accordance with Mahmood et al. (2006).  

The remaining birds in all the groups were challenged with virulent IBH-HPS virus 

by injecting 105.31 EID50, dose 1 ml to all the birds. The group 1 showed 100% protection in 

the sense of mortality, clinical signs and gross lesions after challenge up to 7 days. The group 

2, which was vaccinated with cell culture adapted inactivated vaccine gave 70% protection. 

The group 3 vaccinated with oil adjuvanted vaccine gave 80% protection but lower weight 

gain was observed. Commercial vaccine vaccinated group (G4) 60% protection and 40% 

mortality was recorded. In the control group, 70% birds were died and clear gross and histo-

pathological lesions were observed in this group due to IBH-HPS. These results revealed that 

the lyophilized live attenuated vaccine was safer, immunogenic, easy to administer and gave 

better antibody titre for longer time. From the above results and discussion it was concluded 

that the indigenous isolate of IBH-HPS belonged to fowl adenovirus serotype-4, adapted to 

Vero cell line after three blind passages. The IBH-HPS virus was attenuated on Vero cell line 

and the 9th passage was completely attenuated used for preparation of vaccine. Lyophilization 

of attenuated live vaccine gave best results in the present project, as it could remove handling 

stress and injection stress to birds. At the end it was concluded that, the live attenuated 

vaccine was used for saving the broiler birds from this devastating disease in Pakistan. 
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_____________________________________________________CHAPTER 6 

SUMMARY 

The present study was carried out to develop and evaluate an effective inclusion body 

hepatitis hydro-pericardium syndrome (IBH-HPS) vaccine on Vero cell line using indigenous 

isolate of IBH-HPS. The IBH-HPS virus was procured from Institute of Microbiology, 

University of agriculture Faisalabad, re-characterized, purified and identified through agar 

gel precipitation test (AGPT). The purified IBH-HPS virus was titrated using reverse passive 

haem-agglutination (RPHA) test and embryo infective dose fifty (EID50/ml) was also 

calculated. The titres of IBH-HPS virus were found to be 256 to 512 and EID50 as 105.31.  

   The Vero cell line cryo vial was taken out from liquid nitrogen cylinder, thawed and 

grown in 25cm2 tissue culture flasks using M199 growth medium with 10% fetal bovine 

serum. The IBH-HPS virus was serially passaged on Vero cell line. The 9th passage was 

completely attenuated and used for preparation of vaccine. The indigenous isolate of IBH-

HPS virus was adapted on Vero cells after three blind passages. The clear and consistent 

CPEs were observed in 4th passage. The CPEs included clumping, rounding and vacuole 

formation. The CPEs were appeared after 72 hours post inoculation of virus from 4th passage 

to 9th passage. To check the attenuation of IBH-HPS virus (loss of pathogenecity) broiler 

chicks were inoculated with original virus and passage 3 to 9. The clinical signs, gross and 

histopathological lesions and organ to body weight ratios were observed. The 9th passage of 

IBH-HPS virus was found safer, attenuated and non-pathogenic to broiler chicks. 

The attenuated IBH-HPS virus on Vero cell line was used as live lyophilized vaccine. 

Beta-propiolactone was used to prepare inactivated vaccine. Oil adjuvanted vaccine was 

prepared using inactivated IBH-HPS virus. Commercial vaccine (Bio-Angara) and the above 

stated vaccines were evaluated in the current study. These vaccines were compared in an 

experimental trial and immunogenicity and pathogenecity was evaluated. These vaccines 

were given at day 15 to all the groups reared under same conditions. The lyophilized live 

attenuated vaccine was found non-pathogenic and more immunogenic in this experiment in 

comparison with other vaccines. The ELISA antibody titres were found maximum in 

lyophilized live attenuated vaccine at day 3, 7, 14 and 21 days post-vaccination as compared 

to all other vaccines tested in the current experimental trial. In challenge protection study, 
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100% protection was achieved in case of lyophilized live attenuated vaccine, 80% protection 

was achieved in oil adjuvanted vaccine, 60% protection was found in commercial vaccine. 

It was concluded that the indigenous isolate of IBH-HPS virus belongs to Fowl 

adenovirus serotype-4 which can be adapted and attenuated on Vero cell line at 9th passage. 

The vaccines prepared from indigenous virus seed were more immunogenic and non-

pathogenic as compared commercial vaccine. After successful experimental trials of these 

vaccines, we recommend that the lyophilized live attenuated vaccine for extensive field trials 

in commercial poultry. After the results of field trials, the lyophilized live attenuated IBH-

HPs vaccine may be recommended for future use in broiler, layers and breeders. We hope 

that this vaccine prepared from indigenous isolate will help to implement better disease 

control program in Pakistan against IBH-HPS.         
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APPENDIX-1 

Phosphate buffer saline (PBS)  
 

NaCl = 8.0 g 

KCl = 0.2 g 

Na2HPO4 = 1.03 g 

KH2PO4 = 0.2 g 

APPENDIX-2 

Penicillin G stock solution 

Pencillin G = 10,00,000 IU 

De-ionized double distilled water = 10 ml 

APPENDIX-3 

Streptomycin sulfate stock solution 

Streptomycin sulfate = 1.0 g 

De-ionized double distilled water = 10 ml 

APPENDIX-4 

Neutral buffered formalin solution 

Formaldehyde (37%) = 100 ml 

Sodium phosphate monobasic = 4.0 g 

Sodium phosphate dibasic = 6.5 g 

 De-ionized double distilled water = 10 ml 
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