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CHAPTER 1

INTRODUCTION

ADENOVIRUSES

Historical Perspective: 

It has been almost 59 years since the discovery by Enders and his colleagues (1949) that 

poliovirus could replicate in cell cultures of non neural origin stimulated extensive use of in

vitro cell cultures for propagation of human and animal viruses. In the ensuing years, cell 

culture have provided more economical and easily handled host systems for study of long

recognized viruses such as those of poliomyelitis, measles and mumps and have also 

permitted the recognition of a large number of human enteric and respiratory viruses which 

are not propagable in eggs or mice.

Adenoviruses were first isolated from spontaneously degenerating cell cultures of human 

adenoids by Rowe et al., (1953). Shortly afterwards, the role of antigenically related agents 

in causing a major proportion of non-influenzal acute respiratory disease in military

personnel was documented by Hilleman and Werner (1954). Progressively and rather rapidly

thereafter, clinical and epidemiologic reports by Huebner et al., (1954) described the 

recovery of new immunotypes in association with other forms of clinical disease.

Classification:

Initially adenoviruses were given different names by different workers. Rowe et al., (1953)

suggested the term Adenoid Degeneration Agent because of the isolation of that agent from 

human adenoids. While working on acute respiratory non influenzal respiratory disease,

Hilleman and Werner (1954) proposed the name Respiratory Illness Agent and Heubner et
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al.,(1954) used the term Adeno Pharyngeal Conjunctival Agent. Finally, Enders et al.,

(1956) proposed the name adenoviruses for the first time. In 1976 the plenary session of the 

International Committee on Taxonomy of Viruses (ICTV) accepted proposals submitted by 

the Study Group on Adenoviruses, Vertebrate Virus Sub-committee, to elevate these viruses

to a family named Adenoviridae. Presently, the family includes two genera and these are 

named Mastadenovirus and Aviadenovirus. Norrby et al. , (1976) represented the principal

criterion for the separation of adenoviruses into two genera based on the absence of any

immunologic cross-reactive antigens in mammalian and avian adenoviruses.

Common Characteristics:

Both human and non-human adenoviruses exhibit a single type of morphology, a similar 

chemical composition, replicate in cell nucleus and have a tendency toward specie

specificity. These viruses produce unique and characteristic cytopathic effects (CPE), which 

are accompanied by the accumulation of organic acids in the host cell cultures. None of the 

adenoviruses haemadsorb erythrocytes, replicate in embryonated chicken eggs and with the 

exception of avian adenoviruses, all posses at least one family reactive antigenic determinant

(Philpson and Lindberg, 1974).

Size and Shape: 

The adenoviruses are non-enveloped viruses and are 70-90 nm in diameter. They have a 

buoyant density in cesium chloride of 1.33-1.35 g/cm and molecular weight estimated from 3

sedimentation coefficients is about 170-175 x 10 . The capsid proteins of adenoviruses are 6

arranged in an icosahedron having 20 triangular faces and 12 vertices (Ginsberg et al.,1966).
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Chemical Composition and Stability: 

The virion contains a single molecule of double stranded DNA in a linear form. The

molecular weight and G+C base composition of the genome for the different immunotypes 

range from 20-30 x 10 and 48-61% respectively. Crude suspensions of most adenoviruses 6 

retain infectivity for prolonged period of time when kept stored at -20 to -60 C in a pHo

environment of 6-9. Infectious virus is rapidly inactivated at 56 C and by exposure to 0.25% o

sodium dodecyl sulfate, low concentration of chlorine, ultra violet irradiation, or 1:400- 

1:4000 concentration of formalin. The agents are not affected by treatment with ether or

chloroform, and they can be lyophilized without any appreciable loss of infectivity (Lennette

and Schmidt, 1979).

In vitro Cultivation and CPE:

Nearly all adenoviruses grow well in various cell culture systems. For the isolation and

propagation of adenoviruses, Eagle minimal essential medium (MEM) supplemented with 

2% heat inactivated fetal calf serum and containing 100 Units of Penicillin, 100 ug of 

Streptomycin and 5 ug of Amphotericin B/ml is a satisfactory cell culture maintenance 

medium (Lennette and Schmidt, 1979).

Cell cultures infected with adenoviruses undergo characteristic cellular changes and these are

associated with increased acidity of the medium (Rowe et al., 1955). The major

cytopathogenic effects (CPE) are characterized by rounding and clumping of the cells 

(Hilleman and Werner 1954; Rowe et al. 1955) and detachment from the surface (Norrby, 

1971; Rowe et al.,1958; Valentine and Pereira, 1965).

In stained preparations of cells infected with adenoviruses, two types of cytological changes 

are observed. The earliest changes are associated with the appearance of small eosinophilic,
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Feulgen-negative bodies surrounded by a clear halo in the nucleus and these represents early 

viral products. In the later stages of infection, the inclusion bodies become more basophilic 

and form a Feulgen-positive mass which represents infectious virus and other viral materials 

(Boyer et al.,1959; Rose and Morgan 1960). 

Avian Adenoviruses: 

Oslon, (1950), isolated the first avian adenovirus from a fatal respiratory outbreak in quail,

and the name was given as quail bronchitis virus. Avian adenoviruses are a very diverse 

group of pathogens causing a variety of problems for poultry producers. Among the various 

emerging diseases in general, and avian adenoviruses in particular, they have been

incriminated as the etiological agents for various clinical conditions in poultry (Fadly and 

Winterfield, 1973; Rosenberger et al., 1974). The large adenoviridae family is divided by

host range into adenoviruses that infect mammals known as Mastadenovirus and

adenoviruses that infect avian species, the Aviadenovirus. The avian adenoviruses are 

subdivided into three groups. The first group includes the conventional group I comprised of 

12 serotypes of avian adenoviruses from chickens, turkeys, geese and other species that share 

a common group antigen (Kawamura et al., 1964; Mcferran et al., 1975; Zask and Kisary 

1984; Cowen and Naqi, 1982; Xie et al.,1999; Toro et al.,2000). Of the 12 serotypes present

in group I, the ability to produce illness and death often varies among he serotypes and even 

among different strains of the same serotype (Mcferran, 1997). Currently only isolate from 

group I, serotype 4 have been implicated in hydropericardium syndrome (Cowen, 1992;

Naeem et al., 1995a; Cowen et al., 1997; Mazaheri et al., 1998; Hess et al., 1999; Hess,

1999, 2000; Nakamura et al., 2000; Toro et al., 1999, 2000, 2001; Dahiya et al., 2002),

whereas serotype 8 viruses of the same group have been implicated in peracute inclusion
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body hepatitis (Reece et al., 1987; Christensen and Saifuddin, 1989; Erny et al., 1991;

Grimes, 1992). However, mortality and losses imposed by the emergence of other avian

adenovirus serotypes from group I have led to an increase interest to investigate these and 

other isolates (Goodwin et al., 1993; Mendelson et al., 1995). The second group of avian

adenoviruses, known as group II, causes infections such as hemorrhagic enteritis in turkeys, 

marble spleen disease in pheasants and splenomegaly in chickens. These group II viruses 

share a common group antigen that distinguishes them from group I avian adenoviruses 

(Domermuth et al., 1980). In group III an adenovirus that causes egg drop syndrome 76 in 

laying chickens and similar virus to infect ducks only partially share the group I common 

antigen (Mcferran et al.,1978). 

Hydropericardium Syndrome: 

Hydropericardium Syndrome (HPS) is a recently emerged disease, which has caused huge 

economic losses to poultry industry in Pakistan since 1987 when it was first reported at

Angara Goth, which is an extensive broiler producing area near Karachi hence named as

Angara disease (Jaffery, 1988; Akhtar, 1994). The disease has recently been reported to be

particularly important in some countries of Asia and America (Shane, 1996; Abe et al.,

1998). Gowda and Satyanarayana, (1994) has reported HPS as a disease, primarily of broilers

of 3-6 weeks of age and causing severe hazards to poultry producers, particularly in broiler 

industry in Pakistan and India. It has further been reported that the causative agent was an 

Avian Adenovirus serotype 4, a non-enveloped and icosahedral virus belonging to the 

Adenovirus C species of the Adenovirus genus of the Adenoviridae family (Balamurugan 

and Kataria, 2004). 
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Initial Reports of Disease:

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

chickens of 3-7 weeks of age, which particularly involved both the heart and liver. The 

disease has further been characterized by the accumulation of a straw colored jelly like fluid

in the pericardial sac, discolored and inflamed liver with basophilic intranuclear inclusion 

bodies, congested kidneys and up to 70% mortality rates (Ahmad et al., 1989; Anjum et al.,

1989; Cheema et al., 1989; Hassan, 1989). Inclusion body hepatitis have already been 

reported in many parts of the world having some clinical similarities with this newly emerged 

syndrome but the accumulation of fluid in pericardial sac was not evident in inclusion body

hepatitis. Due to this reason the researchers differentiated this syndrome form inclusion body 

hepatitis and given a new name “Infectious Hydropericardium” (Abdul-Aziz and Hassan, 

1995; Mazaheri et al., 1998). The disease has been given various names according to its

occurrence in different areas of world as in Pakistan it was reported at Angara Goth so called 

as Angara Disease (Akhtar, 1995), Litchi Disease in India due to the appearance of heart 

similar to deshelled litchi fruit (Gowda and Satyanarayana, 1994; Gowda, 1994) or

Hydropericardium Syndrome (Naeem et al., 1995a) or Hydropericardium hepatopathy 

syndrome (Asrani et al., 1997) or inclusion body hepatitis hydropericardium syndrome 

(Abdul-Aziz and Al-Attar, 1991, Jadhao et al., 1997; Balamurugan et al., 2001, 2002) or

Hydropericardium-Hepatitis Syndrome (Shane, 1996; Ganesh et al.,2002a).

Incubation Period:

Akhtar, 1992 has reported that the incubation period of experimentally induced HPS ranges

from a period of 5-18 days depending upon the age of birds, route, type and dose of infection. 

In another study the same worker has described an incubation period of 9.5 to 14.5 days and 
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the duration of disease was 10-15 days (Akhtar, 1995). Further studies on this aspect of HPS

have rejected the findings of Akhtar, (1995) and researchers have reported an incubation 

period of 48 to 72 hours in case of experimental infections with 7 days duration of disease

(Aliev et al., 1997). The studies conducted by Ganesh et al., (2002a) have suggested an

incubation period of 2-4 days followed by inoculation with liver homogenate or purified 

virus while Roy et al., (2004) reported an incubation period of 2-7 days in experimental 

infection trials with infected liver homogenate. The results of some other studies were also in 

close agreement with Ganesh et al., (2002a) in which the incubation period was 2-5 days post 

inoculation (Anjum, 1990; Afzal et al., 1991; Gowda and Satyanarayana, 1994). In another 

study Voss et al., (1996) have observed the mortality from 6-17 days post inoculation in SPF

chicks after intramuscular inoculation of liver homogenate.

Clinical Signs: 

Jaffery, (1988) has suggested that natural outbreaks of disease were associated with the

exhibition of no clinical signs. The disease has been observed by many in well growing 

healthy broilers at 3-5 weeks of age with sudden mortality of 20-70 % but no morbidity. It 

has been reported that the birds remain active until just before death. It has further been 

indicated that mortality starts at about 3 weeks of age and reaches its peak in 4 to 5 weeks of 

age with the manifestation of no clinical signs (Anjum et al., 1989; Muneer et al., 1989;

Gowda and Satyanarayana, 1994; Abdul-Aziz and Al-Attar, 1991; Asrani et al.,1997; Kumar

et al., 1997; Voss et al., 1996). It has further been suggested that at the terminal stages of

infection the birds show dullness, depression with ruffled feathers and tend to huddle in the 

corner of house (Asrani et al.,1997). 
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Necropsy Findings: 

Accumulation of fluid in pericardium or hydropericardium has been found to be the most

prominent macroscopic lesion by most of the workers (Anjum et al., 1989; Cheema et al.,

1989; Qureshi, 1988, 1989). The researchers have observed lesions in heart, liver, kidneys 

and lungs. They have observed hydropericardium in 90 percent of the dead birds in which the 

pericardial sac had a balloon like appearance having up to 20ml of the clear straw colored

fluid (Cheema et al.,1989; Gowda and Satyanarayana, 1994; Abdul-Aziz and Hassan, 1995; 

Asrani et al., 1997; Kumar et al., 1997). Apart from the hydropericardium, some other

changes have also been observed which includes swollen, friable, congested and dark to

yellow colored liver with large areas of focal necrosis and patechial hemorrhages, pale 

yellow, swollen and friable kidneys having urates in tubules and ureters and edematous lungs 

have also been observed (Anjum et al., 1989, Cheema et al., 1989; Muneer et al., 1989;

Gowda and Satyanarayana, 1994; Abdul-Aziz and Hassan, 1995; Asrani et al.,1997; Kumar

et al., 1997; Nakamura et al., 1999). Shafique et al., (1993) has reported that mortality and

severity of the lesions may be greater in severely immunocompromised chickens. While 

conducting studies on experimental induction of HPS, some other workers have also 

observed the same findings (Anjum, 1990; Deepak, 1998). Asrani et al., (1997) have

observed and reported yellow discoloration of subcutaneous fat and pericardial fat with

patechial hemorrhages. Similar findings have also been reported by Roy et al., (2004).

Histopathology: 

The histopathology of liver has revealed the presence of large basophilic intranuclear 

inclusion bodies in hepatocytes and multiple areas of focal necrosis with mononuclear cells 

infiltration (Anjum et al., 1989; Cheema et al., 1989; Gowda and Satyanarayana, 1994; 
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Abdul-Aziz and Hassan, 1995; Asrani et al., 1997; Kumar et al., 1997; Nakamura et al.,

1999; Balamurugan and Kataria, 2006). Diffuse degeneration and necrosis of hepatocytes, 

swelling of the cells with rupture of cell membrane and shrunken hepatocytes with pyknotic 

nuclei have also been observed (Abdul-Aziz and Hassan, 1995). These changes were 

confirmed by transmission electron microscopic examination of hepatocytes by Chandra et

al.,(1997). The lungs showed congestion, edema and infiltration by inflammatory cells 

(Cheema et al., 1989; Asrani et al., 1997) and there was hemorrhagic exudate in the bronchi 

and alveoli (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, severe vascular changes (Anjum et al.,1989; Cheema

et al., 1989), massive edema, hemorrhages (Asrani et al., 1997; Kumar et al., 1997) and 

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

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

Hassan, 1995; Asrani et al., 1997). Macrophages containing erythrocytes and prominen t

yellow pigment in the red pulp were also recorded in the spleen (Nakamura et al., 1999).

Deepak, (1998) has also observed the same changes in the different organs of the affected 

chickens. The presence of intranuclear inclusion bodies in the cells of the gizzard, pancreas, 

proventriculus, duodenum, caecum, kidneys and lungs of chicks experimentally inoculated at

day 1 of age was also observed (Nakamura et al., 1999). In another experimental infection, 

Nakamura and colleagues, (2002) have observed that affected chickens had multifocal 

hepatic necrosis with intranuclear inclusion bodies in hepatocytes, a marked increase in

macrophages in spleen and lungs, mild epicardial edema, multifocal necrosis of pancreatic 



10

acinar cells with intranuclear inclusions and degeneration of ventricular glandular epithelium

with intranuclear inclusions. 

Clinical Pathology: 

To find out the levels of serum enzymes in HPS affected broilers Zaman and Khan (1991) 

made some attempt to determine the level of alanine transaminase (SGPT), aspartic

transaminase (SGOT), lactic dehydrogenase (LDH), alkaline phosphatase (AP) and

creatinine phosphokinase (CPK). The results showed a significantly higher activity of CPK 

in affected chickens when compared to healthy. This increase was attributed to the

degeneration and necrosis in the cardiac muscle fibers. They observed a significantly 

increased activity AP as associated with the diseases of liver and biliary obstruction.

However, in the present study no cases of biliary obstruction recorded. There was a non- 

significant decrease in the level of SGOT in HPS affected birds as compared with normal

ones. The possible reason for this decrease was given as the HPS is a viral disease and in vial

hepatitis the levels of SGOT always decrease. On the other hand the levels of SGPT

significantly increased in diseased birds as commonly found in liver disorders. The

concluded and stated the analysis of CPK, AP and LDH as a useful index for the diagnosis of 

hydropericardium syndrome. While conducting studies on the organ specific serum enzymes 

profile Iqbal et al., (1994) determined the activity of alanine aminotransferase (ALT),

aspartate aminotransferase (AST), alkaline phosphatase (AP), creatinine phosphokinase 

(CPK) and lactic dehydrogenase (LDH) in normal, HPS affected and HPS vaccinated broiler

chickens. An increased activity of alanine aminotransferase (ALT), aspartate

aminotransferase (AST), creatinine phosphokinase (CPK) and alkaline phosphatase (AP) has 

been observed in HPS affected birds compared to normal or vaccinated birds. They have
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concluded that causative virus severely damages the enzyme system of the birds, which 

ultimately impairs the function of liver, heart and kidneys and their studies are in close 

agreement with Benjamin, (1978) . Deepak, (1998) reported similar observations of increases

in the concentration of organ specific enzymes in experimental infections.

Mahmood et al. , (1995) designed a study to find out the serum protein fractions in HPS 

affected broiler chickens as an additional diagnostic tool. The results showed a highly 

significant decrease in the serum albumin of HPS affected chickens compared to healthy 

birds. The a-1 and a-2 globulin fractions of serum protein between HPS affected and normal 

chicks showed non-significant difference but there was a significant increase (P<0.05) in ß 

globulin serum proteins in HPS affected birds as compared to healthy counterparts. Analysis 

of gamma globulin revealed a highly significant (P<0.01) increase in the HPS affected birds

compared with the apparently healthy chickens. Asrani et al., (1997) reported a decrease in 

total protein and cholesterol and increase in creatinine and urea nitrogen and in the activity of 

ALT and AST. Niazi et al., (1989) and Asrani et al., (1997) have observed severe anemia in

birds affected from hydropericardium syndrome. They have also observed a significant 

reduction in all hematological parameters except the mean corpuscular volume (MCV) and 

the percentage of heterophills and eiosinophills. An increase in hemoglobin concentration, 

leukocytosis and erythrocytosis has been recorded by some workers (Bhatti et al., 1989;

Niazi et al., 1989; Gowda and Satyanarayana, 1994). Their results have suggested an 

increase in the potassium and calcium concentration in the serum. While comparing healthy

birds, there had been a significant decrease in total leukocytes count, red blood cells, 

hemoglobin, hematocrit, erythrocyte sedimentation rate and lymphocyte values in the birds 

suffering from hydropericardium syndrome.
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Studies on Etiology: 

While conducting studies on the etiology of hydropericardium syndrome initially it was

hypothesized that this disease is a nutritional disorder. Rancid fat and fishmeal or vitamin 

and mineral imbalances in the feed were thought to be the causative factors (Jaffery, 1988; 

Qureshi, 1988; 1989). However, various attempts to reproduce the disease with feed samples

from farms having natural outbreaks of hydropericardium syndrome or feed containing 100-

ppm mycotoxins or interaction of the two failed (Anjum, 1988; 1990). The successful

transmission of disease with subcutaneous inoculation of the infected liver homogenate has 

indicated the infectious nature of the disease (Anjum, 1990; Khawaja et al., 1988b; Ahmad et

al.,1989). A viral etiology of hydropericardium syndrome has been suggested on the basis of 

basophilic intranuclear inclusion bodies in the hepatocytes (Anjum et al., 1989; Niazi et al. ,

1989; Afzal et al.,1991; Cheema et al., 1989; Abdul-Aziz and Al-Attar, 1991; Gowda, 1994; 

Gowda and Satyanarayana, 1994) and the presence of a typical icosahedral adenovirus in 

purified liver extracts by using negative staining electron microscopy (Cheema et al.,1989).

However, Afzal et al., 1991 have suggested that there might be another agent that requires 

the co-infection by adenovirus to cause clinical hydropericardium.

In another study, with a Mexican liver homogenate, an RNA virus was implicated as an 

additional agent on the basis of lack of inhibition by 5-bromodeoxyuridine (Shane and

Jaffery, 1997). In India, Kataria et al., (1995) isolated adenoviruses from cases of HPS from

various parts of the country. Subsequently, isolation of fowl adenovirus has been reported 

from various outbreaks of HPS (Kataria et al., 1996; Oberoi et al.,1996; Vairamuthu et al.,

2002). All the isolates from field outbreaks have been serotyped as fowl adenovirus 4 using 

standard antisera to the 12 different serotypes of fowl adenovirus (Jadhao et al., 1997) and 
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identified as HPS virus (Vairamuthu et al., 2002) and it was shown that some biotypes of 

fowl adenovirus 4 caused the disease (Mazaheri et al.,1998). Further studies on this aspect of

disease revealed the involvement of fowl adenovirus 12 alone or in association with fowl 

adenovirus 4 in precipitating inclusion body hepatitis-hydropericardium syndrome among 

poultry flocks in India (Rahul et al., 2005). 

In Pakistan and several South American countries, inclusion body hepatitis (IBH-HPS) virus,

in many cases associated with hydropericardium was predominant and the condition was 

caused by fowl adenovirus 4 (Voss et al., 1996). An adenovirus (K31/89), isolated from field 

cases of HPS in Pakistan (Voss, 1989) was identified as adenovirus serotype 4 and as the 

causative agent of HPS (Voss et al., 1996). The HPS was reproduced in SPF chicks using

isolated and purified virus from field cases of HPS (Cowen et al., 1996; Mazaheri et al.,

1998), thus proving the association of fowl adenovirus 4 with HPS as the sole agent

responsible for causing the disease. The experimental reproduction of the disease in

susceptible chicks, accompanied by the serological and electron microscopic evidence also 

indicated that fowl adenovirus 4 is solely responsible for causing HPS (Naeem et al., 1995a;

Ganesh et al.,2002a).

Cultivation of HPS Virus: 

Embryonated Eggs 

Afzal et al., (1990) have reported the cultivation of virus in embryonated hen eggs by using 

different routes. They have reported the death of embryos inoculated via chorioallantoic

membrane, chorioallantoic sac and yolk sac between 4-9 days post inoculation. In some other

studies on isolation of virus in embryonated eggs, stunted growth, hemorrhages and death of 

embryos have also been reported (Cowen, 1988; Cheema et al.,1989; Shafique et al. , 1993;
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Naeem et al., 1995b; Jadhao, 1998). Mahmood and Hassan, (1995) have made some efforts

to propagate the HPS virus in ducks embryonated eggs via yolk sac and chorioallantoic sac 

route. They have observed hemorrhages, stunted growth and death of embryo via both routes

with some variation in the severity. Moreover, these workers have also observed intranuclear 

inclusion bodies in hepatocytes of inoculated embryos. Inoculation of filtered liver

homogenate from affected cases into the chorioallantoic membrane of yolk sac of 8-days old 

SPF embryos resulted in embryonic death within 4-7 days (Shane, 1996).

Cell Culture System

There have been some attempts in the isolation and propagation of HPS virus in primary cell 

cultures of chicken embryo kidneys and liver cells (Khawaja et al., 1988a; Naeem et al.,

1995b; Kataria et al., 1995, 1996, 1997b; Oberoi et al.,1996; Jadhao et al., 1997; Kumar et

al.,2003). Khawaja et al., (1988a) have isolated the virus in chicken embryo kidney cell

cultures. Specific cytopathic effects have also been observed in the kidney cell cultures like 

degeneration within 3-4 days and detachment of cells from surface and presence of

basophilic intranuclear inclusion bodies (Khawaja et al., 1998a; Oberoi et al., 1996;

Balamurugan, 1999; Balamurugan et al., 2001, 2002). In another study researchers were

failed to cultivate the virus in QT 35 and Vero cell lines as no cytopathic effects were

observed (Afzal et al. , 1990). However, Roy et al., (2001) successfully adapted the virus on

vero cell lines after four blind passages with appreciable cytopathic effects at 96 hours post 

infection. In the same study Afzal et al. , (1990) have observed classical cytopathic effects 

produced by HPS virus in chicken embryo kidney and liver cell cultures. Shane, (1996) has 

reported the formation of small synctia on both chick kidney and liver monolayers.
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Studies on Molecular Characterization: 

Very little research has been conducted on the molecular characterization of HPS virus in 

Pakistan. The studies conducted by Rabbani and Naeem, (1996) revealed the association of

fowl adenovirus 4 with the outbreaks of HPS in Pakistan. No differences were found between 

the protein profiles of different isolates of avian adenovirus recovered from various field 

outbreaks Rabbani and Naeem, (1996). The polypeptides of HPS virus have also been 

separated by sodium dodecyl sulphate gel electrophoresis (SDS-PAGE) and identified by 

known protein markers (Izhar et al., 1997). They have observed eight polypeptides ranging in 

molecular weight from 15.7 to 119 kDa. They have also extracted a DNA of 23 kDa through

agarose gel electrophoresis. On the other hand Rabbani et al., 1998a have separated seven 

bands of polypeptides ranging in molecular weight from 24 to 120 kDa. However, variation

existed in the findings of both these researchers. The differences in the concentrations of

stacking and separating gels used by these workers have been attributed to the observed 

discrepancy between their findings. In another study Kumar and Chandra, (2004) analyzed 

the polypeptide pattern of a local isolate of hydropericardium syndrome virus by SDS PAGE 

and found 12 polypeptides ranging in molecular weight between 13.8 and 110 kDa. Western 

blot analysis of structural polypeptides revealed seven immunogenic polypeptides ranging in 

molecular weight between 15.8 and 110 kDa.

Similarly, in India three field isolates of HSP were subjected to SDS-PAGE. The results 

revealed eight polypeptides with molecular weights ranging from 20-107 kDa but differing

from fowl adenovirus 1, particularly in their 2402 kDa protein (Balamurugan et al., 2002).

Indian isolates from field outbreaks of IBH-HPS in poultry from different areas were types as 

fowl adenovirus 4 (Jadhao et al., 1997) and the agent was characterized by restriction 
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enzyme (RE) analysis of its genomic DNA (Jadhao, 1998). Other studies showed that 

antibodies against serotype 4 and 10 neutralized new isolates of fowl adenovirus

characterized from several outbreaks of HPS (Mazaheri et al., 1998). However, cross

neutralization tests and RE analysis strengthened their grouping under serotype 4. It has been 

shown by immunological and molecular analytical methods that fowl adenovirus 4 and 10 

are very closely related (Erny et al., 1995). Toro et al., (1999) have also characterized three

field isolates of IBH-HPS by virus neutralization tests and RE analysis of a DNA fragment

and identified as fowl adenovirus 4.

Physical and Chemical Characteristics: 

Afzal et al., (1991) have reported the various physicochemical properties of HPS agent. The 

results revealed that agent withstands heating to 60 C for 30 minutes and to 50 C for oneo o 

hour. However, heating to 60 C for one hour, 80 C for 10 minutes and 100 C for 5 minuteso o o

inactivates the agent. Moreover, the treatment with chloroform or ether appears to be

detrimental for HPS agent, has also been suggested. However, in their subsequent work, 

Hussain et al., (1996) and Roy et al., (1999; 2004) have used chloroform treatment for the 

purification of HPS virus without any detrimental effect. Khawaja et al., (1988a) have 

reported that HPS agent can be filtered through a Seitz Filter. It has further been reported by 

them that the virus agglutinate red blood cells in the same way like other adenovirus.

Furthermore, Kumar et al., (1997) have filtered the HPS virus through a membrane filter of

0.1 um, average pore diameter.

Experimental Transmission: 

The successful transmission of HPS with subcutaneous inoculation of the infected liver 

homogenate has indicated the infectious nature of the disease (Anjum, 1990; Khawaja et al.,
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1988b; Ahmad et al.,1989; Gowda and Satyanarayana, 1994; Asrani et al.,1997; Chandra et

al.,1997). Anjum, (1990) conducted a study to describe the experimental transmission of

hydropericardium syndrome with affected liver homogenate via subcutaneous route. Efforts 

were also made to reproduce the disease by contact with affected birds or by oral inoculation

with infected liver homogenate. The subcutaneous inoculation of both inoculums resulted in 

experimental reproduction of disease with in 2-5 days after challenge with typical symptoms 

of hydropericardium. Other routes including oral inoculation and contact with naturally 

affected birds failed to reproduce the disease. Moreover, the disease could not be reproduced 

experimentally by parental inoculation of pericardial fluid or homogenates from bursa, lungs, 

heart of kidneys (Anjum et al., 1989). In another study when infected liver homogenates 

were inoculated intramuscularly or orally into day old chicks, the mortality rates were 100% 

and 30% respectively (Abdul-Aziz and Hassan, 1995).

Naeem et al., (2001) suggested that the inoculation of kidney homogenate produced

hydropericardium at 12, 24 and 36 hours post inoculation and inoculation of heart

homogenate resulted in typical HPS at 12 and 24 hours post inoculation while the lung 

homogenate reproduced the disease at only 36 and 48 hours post inoculation. While in 

another study Kumar et al., (1997) have suggested that the broilers dying less than 60 hours

post inoculation did not show any clinical signs. It has further been concluded by Naeem et

al.,(2001) that subcutaneous inoculation route was successful for experimental purpose 

irrespective of age of birds while the oral route was only successful up to 7 days of age but

appeared to be the natural route of infection in practical conditions. Subsequent studies have

shown that the virus has a predilection for lymphoid organs, since a homogenate from these 
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organs produced the disease in healthy broilers with mortalities within 3-5 days post

inoculation. 

The effect of various centrifugations of liver homogenate on the experimental induction of 

HPS has also been observed. Afzal et al., (1990) showed that the pellet obtained after

ultracentrifugation of liver homogenate was infectious but not the supernatant. However, 

Shafique and Shakoori, (1994) found that mortality was only higher in chicks injected with 

the resuspended pellet of a liver homogenate than in those receiving the supernatant fraction. 

The disease has been reproduced experimentally in broiler chickens of 1-3 weeks of age by 

inoculating fowl adenovirus 4 propagated in chicken embryo liver cell cultures (Kataria et

al.,1997a; Deepak, 1998; Balamurugan et al., 2001). The disease has also been reproduced 

experimentally in 28 days old broilers by subcutaneous or oral inoculation of isolated fowl 

adenovirus 4 with typical hydropericardium and basophilic intranuclear inclusion bodies in 

hepatocytes at 4 days post inoculation (Dahiya et al., 2002).

Natural Transmission: 

Hydropericardium Syndrome has been characterized as a highly pathogenic disease

(Khawaja et al., 1988a), spreading rapidly from flock to flock and farm to farm (Cowen,

1992). It has further been reported that the HPS is a contagious disease and transmission 

occurs horizontally by mechanical means or by the oral-fecal route ((Abdul-Aziz and Hassan, 

1995; Akhtar et al., 1992; Akhtar, 1995; Shafique and Shakoori, 1994; Roy et al., 2004).

Cowen et al., 1996 showed that the oral-fecal route is the possible mechanism for the spread

of the disease under field conditions. However, Anjum, (1990) failed to reproduce the disease 

by oral inoculation or by contact with naturally affected birds. It has further been suggested 

that inoculation of liver homogenate from naturally infected pigeons can reproduce the
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disease in broilers but the role of wild birds in the spread of disease under natural conditions

is still unexplained.

Toro et al., (2001) tested the hypothesis that fowl adenovirus (FAV) and chicken anemia 

virus (CAV) transmitted vertically and simultaneously, induce the inclusion body hepatitis 

(IBH)/hydropericardium syndrome (HPS) in progeny chickens. They have concluded that the 

results obtained would not allow a definitive confirmation of the hypothesis that the

association of FAV and CAV is necessary for the successful induction of IBH/HP syndrome

in chickens when transmitted vertically. It has also been emphasized that fowl adenovirus 4 

causes immunosuppression by damaging lymphoid tissues, the presence of infectious bursal 

disease (IBD) virus and chicken infectious anemia (CIA) virus may predispose for HPS or 

HPS may predispose for other viral infections and synergism with CIA or other virus 

infections or prior immunosuppression in necessary to produce HPS in chicken

(Balamurugan and Kataria, 2006).

Naeem et al., (2001) investigated the post infection dissemination pattern of avian adenovirus

4 involved in hydropericardium syndrome in different vital organs of chickens. Their results 

revealed that virus might have variable distribution sites having more affinity and persistence 

in liver and kidney. Although a number of informative findings have been recorded in this 

study, numerous questions yet remain to be answered. More studies in this regard would

therefore be required to resolve various aspects of hydropericardium syndrome in chickens. 

Geographic Distribution: 

Hydropericardium Syndrome was reported for the first time in the world at Angara Goth,

which is an extensive broiler producing area near Karachi, Pakistan (Jaffery, 1988; Khawaja 

et al., 1988a; Cheema et al., 1989; Hassan, 1989). The disease has been subsequently
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reported in different parts of the world like Iraq (Abdul-Aziz and Al-Attar, 1991), India 

(Gowda and Satyanarayana, 1994), Mexico, Ecuador, Peru, Chile (Cowen et al., 1996),

South and Central America (Shane, 1996), Russia (Borisov et al., 1997) and Japan (Abe et

al.,1998). In Pakistan Hydropericardium Syndrome is widespread in its distribution and has 

caused a great impact directly on the well being of poultry producers and indirectly on the 

economy of country (Khan et al.,2005).

Epidemiological Studies: 

It has been extensively observed and reported that Hydropericardium Syndrome is a disease 

primarily of broiler chickens of either sex ranging from 3-6 weeks of age (Cheema et al.,

1989; Kumar et al., 1997; Singh et al., 1997; Khawaja et al., 1988a; Anjum et al., 1989;

Niazi et al., 1989; Abdul-Aziz and Al-Attar, 1991; Gowda and Satyanarayana, 1994; Javed et

al.,1994). Disease has further been reported in broiler chickens of more than 5 weeks of age 

(Ahmad et al., 1989; Muneer et al., 1989; Akhtar and Cheema, 1990) and occasionally in

layer and breeder pullets of 20 weeks of age (Jaffery, 1988; Ahmad et al., 1989; Cheema et

al.,1989; Akhtar, 1992; Javed et al.,1994; Asrani et al.,1997; Shukla et al., 1997a, 1997b).

The disease has been observed in Russia in broiler chicken aged between 2 to 13 seeks with 

moderate mortality (Borisov et al.,1997; Aliev et al.,1997).

Apart from the broiler chickens rare outbreaks have also been observed in other avian species 

like pigeons and quails (Naeem and Akram, 1995; Karunamoorthy and Manickam, 1998). It

has also been suggested that in experimental and field conditions different strains of broilers

are equally susceptible (Anjum et al., 1989; Akhtar and Cheema, 1990; Afzal and Hussain,

1993) while Khan et al., (1995) have suggested that Hubbard x Hubbard broilers are
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relatively more prone to HSP infection as compared to Indian River and Lohmann strains. 

However, the possible reason for this hypothesis seems to be very difficult to elaborate.

The incubation period and course of disease under experimental and field conditions has 

found to be variable. It has been reported that under natural conditions of following oral

inoculation the course of disease ranged from 7-15 days (Anjum et al.,1989; Cheema et al.,

1989; Abdul-Aziz and Al-Attar, 1991; Akhtar, 1995). The resear chers have reported that 

parenteral inoculation of infected liver homogenate reproduced the clinical HPS within 2-5 

days (Anjum, 1990; Kumar et al., 1997). Akhtar et al., (1992) have studied the various 

epidemiological factors associated with the transmission of HSP from farm to farm and 

observed that the flocks that were visited frequently by vaccinators were fifteen times more 

likely to be affected by HPS than flocks that had no visiting history. The mortality rates of 

20-75%, 3-30% and 30-80% have been reported in Pakistan, Russia and India respectively 

(Anjum et al.,1989; Cheema et al., 1989; Kumar et al., 1997; Singh et al.,1997; Borisov et

al.,1997). 

Clinical Diagnosis: 

By virtue of its acute nature and sudden onset, the clinical diagnosis of hydropericardium 

syndrome is being considered a difficult task. In Pakistan the initial studies on HPS have

revealed that the sudden mortality between 3-6 weeks of age, gross lesions like

hydropericardium and histopathology (presence of intranuclear inclusion bodies in

hepatocytes) are the only possible ways for the diagnosis of virus (Anjum et al. 1989;

Cheema et al., 1989; Abdul-Aziz and Al-Attar, 1994; Akhtar, 1994; Kumar et al., 1997).

However, the demonstration of discrete icosahedral viral particle by negative staining 

electron microscopy of purified infected liver homogenate supported the view that the
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disease was caused by avian adenovirus (Cheema et al., 1989). Isometric, roughly spherical

particles, resembling the morphology of adenovirus were demonstrated by transmission 

electron microscopy inside the nucleus of hepatocytes from cases of HPS and by negative

staining electron microscopy of virus pellet obtained from liver extracts (Chandra et al.,

1997; Ganesh et al.,2002a).

The attempts have also been made on the isolation of virus in embryonated hen eggs has 

further strengthen the view of viral etiology of HPS (Cheema et al., 1989; Shafique et al.,

1993; Mahmood and Hassan, 1995; Naeem et al., 1995b; Kataria et al., 1996, 1997a). The 

virus has also been isolated in cell culture systems (Khawaja et al.,1988a; Afzal et al.,1990;

Oberoi et al., 1996; Balamurugan, 1999; Balamurugan et al., 2001, 2002). The confirmation 

of HPS virus in primary cultures of chicken embryo has also been done by using virus 

neutralization tests using serotype specific sera (Rabbani and Naeem, 1996; Jadhao et al.,

1997). 

An Indirect Heamagglutination test (IHA) has also been devised to measure the antibody titer 

in the serum of birds affected from hydropericardium syndrome (Rehman et al.,1989). Other

serological tests like agar gel precipitation test (AGPT), counterimmunoelectrophoresis, 

fluorescent antibody technique, enzyme linked immunosorbent assay with various

modifications and dot immunobinding assay have also been devised and considered reliable 

(Hassan et al., 1994; Kumar et al., 1997; Oberoi et al., 1996; Deepak, 1998; Balamurugan, 

1999; Balamurugan et al., 2001; Naeem et al., 1995a; Rabbani et al., 1998b; Roy et al.,

2001). Manzoor and Hussain, (2003) have performed a reverse passive haemagglutination 

test for the detection of HPS virus using 1% suspension of sheep erythrocytes. The six 

clinically positive samples have shown a titer ranging from 1:32 to 1:28.
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The polymerase chain reaction (PCR) has also been developed for the diagnosis of HPS 

(Toro et al.,1999; Dahiya et al.,2002; Ganesh et al., 2002b). The DNA isolated from either 

infected liver tissue 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.,2002b). The PCR amplified DNA was labeled and used as a probe for the detection of 

virus by dot blot hybridization of the viral genome (Ganesh et al., 2002b). In Pakistan,

keeping in view the economic importance of the disease none of the techniques mentioned

above has successfully been adapted in field conditions (Khan et al., 2005).

Prevention and Control: 

After the initial outbreaks of hydropericardium syndrome in 1987, various strategies had 

been adapted by the researchers regarding the prevention and control of disease in Pakistan.

Khawaja et al. (1988b) have associated the HPS with vaccination against infectious bursal 

disease but it did not affect the outcomes of disease, as vaccinated birds were equally prone 

to HPS virus. It has also been suggested that by maintaining general husbandry practices like

proper disinfection, strict biosecurity measures, proper ventilation and lighting may

significantly reduce the chances of infection (Akhtar et al., 1992). The addition of iodophor 

solution (2.5%) to drinking water at 0.07-0.1% has been found to be efficacious in reducing 

the course and mortality of HPS in broilers (Abdul-Aziz and Al-Attar, 1991; Abdul-Aziz and 

Hassan, 1996). 

There has been a lot of work in the prevention of hydropericardium syndrome using formalin

inactivated liver homogenate vaccines (Cheema et al., 1989; Chishti et al., 1989; Afzal and

Ahmad, 1990; Afzal et al., 1990; Ahmad et al., 1990; Anjum 1990; Mashkoor et al.,1994a,
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1994b; Shane, 1996; Kumar et al., 1997; Hussain et al., 1996, 99; Akhtar et al., 2000;

Ahmad and Hassan, 2004). 

Chishti et al., (1989) have prepared an oil adjuvanted vaccine and formaldehyde inactivated

vaccine by using 0.25% formalin to inactivate the virus in liver homogenate suspension. 

Their study revealed that immune response provoked by formaldehyde-inactivated vaccine 

was significantly greater than oil adjuvanted vaccine. In another study the comparative

efficacies of formalized inactivated vaccine (F-HPS) and inactivated oil emulsion vaccine 

(O-HPS) were evaluated on the basis of humoral immune responses and protection against 

HPS virus challenge (Hussain et al.,1996). The results revealed that O-HPS vaccine induced 

significantly higher levels of immunity and protection whereas F-HPS vaccine did not after 

30 days of vaccination. So there is a contrast in the findings of these workers. Akhtar et al.,

(2000) conducted a trial to evaluate the immune response provoked by formalin inactivated 

(vacI) and binary ethyleneimine inactivated (vacII) liver homogenate vaccine against 

hydropericardium syndrome. The comparative efficacies of vaccines were evaluated on the 

basis of indirect haemagglutination test (IHA), agar gel diffusion test and challenge test. 

Their results revealed that IHA antibody titer of vacII detected was maximum on 10 dayth

post vaccination and peaked on 25 day post vaccination where as IHA antibody titer of vacI th 

was maximum at 20 day post vaccination and dropped abruptly at 25 day post vaccination.th th

The results showed by agar gel diffusion test were also in the favor of vacII. At 15 day postth

vaccination a strong precipitation line was observed in case of vacII while vacI showed a 

weak precipitation line. The results of challenge test revealed 100% mortality in control

chicks while a maximum protection was achieved with vacII.
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Afzal and Ahmad, (1990) evaluated the efficacy of inactivated liver homogenate vaccine by

conducting field trials on thirty broiler farms with a total population of 105,900 broiler 

chickens. All the flocks were vaccinated at the age of 10 to 12 days and control birds were 

left unvaccinated in each shed separated by mesh wire from the vaccinated birds. During the

trials 0.52% mortality was observe in vaccinated birds compared with 5.34% mortality in 

unvaccinated control birds (P<0.01). Among the 30 vaccinated flocks, the disease occurred 

only in 15 farms. Among four of them where disease occurred no mortality was observed in 

vaccinated birds. In the other flocks the mortality was significantly lower (1.08%) in 

vaccinated birds than in unvaccinated control birds (10.7%) during the 4 and 5 week post th th

vaccination. Moreover, in the infected flocks the vaccinated birds gained more weight than 

the unvaccinated birds. In the face of an outbreak, vaccination significantly (P<0.01) reduced

the mortality in the infected flocks. Mortality due to HPS continued among the vaccinated 

birds for five days post vaccination with occasional deaths and among the unvaccinated birds 

mortality continued for 16 days with total losses of 10.3%. They concluded that vaccination 

at 10-12 days was not long lasting so vaccination at 15-18 days or two vaccinations at 10 and

21 days of age might be expected to give better protection.

Zia et al., (2001) compared the efficacies of three different vaccines viz. commercially

available formalin killed vaccine (Group A), modified oil emulsion vaccine (Group B) and 

commercially available oil emulsion vaccine (Group C). The efficacy was determined by 

humoral immune response and protection against HPS virus challenge. Their findings have 

shown that the IHA antibody titer was significantly low in group A and C as compared to 

group B at 2 weeks post vaccination. On experimental challenge there were mortalities of 

40%, 0% and 20% in groups A, B and C respectively. Ahmad et al., (1990) have suggested
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that a single vaccination at 15-18 days of age was found to be more effective while in an 

experimental challenge study, there was 90-100% protection in double vaccinated flocks as 

compared to a single vaccinated group in which protection was 80-100% (Hassan et al.,

1994). 

In India birds were vaccinated on various farms experiencing severe outbreaks of HPS and 

100% protection was observed following a single dose of 0.25ml/bird of the vaccine given at 

10-12 days of age (Kumar et al., 1997). They have further suggested that the heat treatment 

of infected liver homogenate at 56oC for 1 hour followed by overnight inactivation with 

0.1% formalin were found to be superior to use of the vaccine inactivated with 0.1% formalin

alone (Kumar et al.,1997). 

Regarding the proper vaccine production in specific pathogen free embryonated eggs and 

tissue cultures, there has been some efforts by Naeem et al., (1995b). They have prepared the

vaccines by propagating the virus on embryonated hen eggs and chicken embryo liver cell

cultures. They have standardized the vaccines to a titer of 10 LD /0.5ml. Antibodies were4.5
50

detected by agar gel precipitation test. Both vaccines have provided protection against 

subcutaneous challenge with 1ml of a 20% liver homogenate at a biological titer of 2x10 5

LD /0.5ml. In this regard the trial was conducted only on 15 birds and data was not50 

subjected to statistical analysis. An inactivated oil adjuvanted vaccine prepared from the

Adeno-Pak strain isolated in cell culture and given to broilers of 20 days of age also provided 

100% protection against challenge at 42 days of age. In India killed oil emulsified vaccine 

was prepared using HPS virus (FAV 4) in cell culture. Vaccination of 3 weeks old broilers 

with 0.5ml dose of vaccine prepared from 10 TCID /0.5ml provided 100% protection5.5
50
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against challenge with HSP virus at 1, 2, 3, 4 or 6 weeks post vaccination (Kataria et al.,

1997b). 

Several workers have carried out studies on the comparative efficacies of different vaccines 

against HPS. Shane, (1996) evaluated five inactivated vaccines used in Mexico by injecting 

0.5ml of each vaccine into SPF chicks. Complete protection with an absence of histological

changes in chicks challenged with 10 LD of the DCV-94 strain of adenovirus was 3.5 
50

observed. Icochea et al., (2001) evaluated the efficacy of three inactivated vaccines against 

IBH and HPS in Peru in two different experiments and concluded that the protective effect of

a commercial oil adjuvanted cell culture IBH vaccine was superior to the autogenous vaccine 

and that the mortality rates were not dose dependent. Toro et al., (2002) conducted a study to 

test the hypothesis that an effective protection of progeny chickens against inclusion body 

hepatitis/hydropericardium syndrome (IBH/HPS) can be achieved by dual vaccination of 

breeders with fowl adenovirus (FAV) serotype 4 and chicken anemia virus (CAV). Thus 17 

weeks old brown leghorn pullet group were vaccinated by different schemes including single 

FAV (inactivated), single CAV (attenuated), FAV and CAV dually or were not vaccinated 

(controls). Subsequent progenies of these breeders were challenged with the virulent strain 

FAV-341 and CAV-10343 following three strategies: 1) FAV-341 intramuscularly at day 10 

of age (only FAV vaccinated and control progenies); 2) FAV + CAV intramuscularly 

simultaneously at day10 of age (all progenies); 3) CAV intramuscularly at day 1 and FAV

orally at day10 of age (all progenies). The induction of IBH/HP in these progenies was 

evaluated throughout a 10-day period. Both breeder groups vaccinated against FAV and 

CAV increased virus neutralizing specific antibodies. Challenge strategy 1 showed 26.6% 

mortality in control progeny chickens and 13.3 %mortality in the progeny of FAV vaccinated 
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breeders. Presence of lesions in the liver of these groups showed no significant differences 

(p>0.05), suggesting a discrete protective effect of the vaccine. Challenge strategy 2 showed 

29.4% mortality in controls and 94% of chicken showed hepatic inclusion bodies (HIB).

Single CAV vaccination of breeders did not demonstrate a beneficial effect, with both 

mortality and liver lesions resembling the non-vaccinated controls. FAV vaccination of 

breeders significantly reduced both the mortality (7.4%) and liver lesions (26%) (p<0.05),

providing protection against this challenge strategy. Dual vaccination of breeders with FAV 

and CAV proved to be necessary to achieve maximum protection of the progeny (no

mortality and 7% HIB). Challenge strategy 3 produced no mortality but consistent liver 

damage in controls (96% HIB). In this case both, CAV and FAV + CAV vaccinated breeders 

showed best protection results in terms of liver histopathology (8% and 0% HIB,

respectively). FAV vaccination alone produced 24% HIB, similar to challenge strategy 2, 

demonstrating a lower protective effect. 

Khan et al., (2005) have suggested that in Pakistan, to date most of the outbreaks of HPS are 

truly post-vaccination. Due to this reason most of the local vaccine producers have

minimized their production. The poultry farmers in Pakistan are facing the same threat of 

HPS as in 1987. It has further been suggested that there should be sufficient attempts to 

propagate the virus on specific pathogen free embryonated hen eggs and cell cultures for the 

production of killed and live attenuated vaccines and the extensive use of unhealthy liver 

homogenates should also be minimized (Khan et al.,2005).

The present project was aimed for  production and evaluation of a proper vaccine against

hydropericardium syndrome. Various vaccine preparations were being prepared by

propagating the virus in embryonated hen eggs and chicken embryo liver cell cultures. The 
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findings of this study would expect to replace the liver homogenate vaccines, which produce

partial immunity. 

The major objectives of the present study were as follows.

1.  The isolation and purification of HPS virus from livers of birds clinically affected 

with hydropericardium syndrome. 

2.  The experimental reproduction of the disease in experimental chickens and some 

studies on the determination of its pathogenesis.

3.  The adaptation and propagation of virus in chicken embryo liver cell cultures for the

production of different vaccines. 

4.  The evaluation of the comparative efficacies of different vaccines by conducting 

experimental and field trials. 
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CHAPTER 2

MATERIALS AND METHODS

MATERIALS

PART 1

Experimental Reproduction of Hydropericardium Syndrome

Table 2.1: Experimental design for disease induction

Groups  No. of Replicates  No. of Birds  Treatment  Dosage
A 4 4 x 5 Homogenate 0.2 ml

(A1-A4) 20 Oral
B 4 4 x 5 Purified 0.2 ml

(B1-B4) 20 Oral
C 4 4 x 5 Homogenate 0.2 ml

(C1-C4) 20 Subcutaneous
4 4 x 5 Purified 0.2 mlD

(D1-D4) 20 Subcutaneous
E 4 4 x 5 Control

(E1-E4) 20

Table 2.2: Live homogenate suspension 

Liver   20 gram

Normal Saline   Up to 100 ml 

Table 2.3: Standard antibiotic solution

Penicillin G  1000 IU/ml 

Streptomycin Sulfate    100 µg/ml 

Table 2.4: Neutral buffered formalin solution 

Formaldehyde (37%)  100 ml 

Sodium phosphate monobasic   4 gram

Sodium phosphate dibasic   6.5 gram

Double distilled deionized autoclaved water   900 ml
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PART II 

Propagation, Adaptation and Attenuation of HPS Virus in

Chicken Embryo Liver Cell Cultures

Table 2.5: TNF buffer solution 

Tris HCl   0.01 M
NaCl  0.1 M 

EDTA   0.001 M 
Distilled water   Up to 1000 ml

Table 2.6: Dulbeco’s Phosphate buffered saline

NaCl   8 gram
KCl   0.2 gram 

Na HPO4   1.03 gram 
2 

KH PO 0.2 gram
2 4

Distilled water   Up to 1000 ml

Table 2.7: Trypsin – EDTA solution

Trypsin (1:300)  2.5 gram 
EDTA  1.25 gram 
NaCl  8.0 gram 
KCl  0.2 gram 
Na HPO 1.15 gram

2 4
KH PO 0.2 gram

2 4 
Glucose  5.0 gram 

Table 2.8: Growth medium (M199)

Medium 199 (with Earle’s 9.5 gram 
Salts) Powder 
NaHCO3  2.5 gram 
Penicillin G  1ml @ 100 IU/ml 
Streptomycin Sulfate  1ml @ 100 µg/ml
Amphrotericin B  0.25 µg/ml
Bovine Fetal Serum  100ml @ 10% 

Table 2.9: Trypan blue solution 

Trypan blue   0.4 gram
Phosphate buffered saline   100 ml 
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PART III 

Production of Different Vaccines

Table 2.10: Binnary ethyleneimine (0.1M) solution

Bromoethlamine hydrobromide   25.5 gram 

0.175% Sodium hydroxide   1000 ml 

PART IV

Evaluation of Vaccines in Experimental and Field Trials

Table 2.11: Experimental design for vaccine evaluation

Groups  No. of Replicates  No. of Birds  Vaccine Type Route  Dosage
5 5 x 20 CCA-LA  S / C  0.2 mlA

(A1-A5) (100)
B 5 5 x 20 CCA-BEI  S / C  0.2 ml

(B1-B5) (100)
C 5 5 x 20 LHV  S / C  0.2 ml

(C1-C5) (100)
D 5 5 x 20 NS  S / C  0.2 ml

(D1-D5) (100)
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METHODS

PART 1

Experimental Reproduction of Hydropericardium Syndrome

1. Experimental Design:

Total of 200 one day old chicks (Hubbard x Hubbard) were reared under standard husbandry 

conditions for 21 days of age. The chicks were fed quality feed and fresh water ad libitum. At 

21 day of age chicks were individually weighed and a total of 100 chicks were randomlyst 

assigned to 20 floor pens (5 chicks per pen) so that the initial body weight and range was

similar among all pens (620 gram +25). Individual pen measurement was 2 x 3 square feet. 

Pen partitions were done with hard board to avoid physical contact of chicks between 

different pens. Each pen was fitted with a trough feeder and a round drinker and rice husk 

was used as bedding material. Each pen served as one experimental unit. Five experimental 

treatments were randomly assigned to four replicate pens each and treatments were employed

as described in Table 2.1. Treatments were applied on 22 day of age at 3:00 PM. Each nd

preparation (Homogenate and Purified) was given orally (1ml / bird) with the help of a sterile 

dropper or injected (1ml / bird) with the help of a sterile hypodermic syringe under the wing 

(exactly how the HPS vaccine is employed in healthy flocks).

2. Preparation of Inoculum:

A. Collection of Samples: 

Liver was found to be the most affected organ in HPS as inclusion bodies have been seen. 

Liver homogenate is used as source of vaccine, which is indicative that maximum virus titer 

can be obtained from livers. 
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In the present study the livers of chickens were used as a sample for isolation of virus. The 

liver samples were collected from the field through Public and Private Sector throughout the 

major poultry producing areas like NWFP, Islamabad/Rawalpindi, Lahore, Faisalabad,

Multan and Rahimyar Khan. On hearing a report of outbreak, the affected flocks were visited 

and after necropsy the liver samples were collected and kept in an ice box for transportation. 

After arrival in the laboratory the liver samples were stored at -20 C till further use. o

B. Processing of Samples: 

A 20% w/v liver homogenate suspension was prepared by extensive grinding and

homogenizing with normal saline (Table 2.2). A purified suspension was also prepared by 

centrifuging the 20% liver homogenate suspension at 30,000 g at 4 C for 30 minutes by usingo

the Refrigerated Desktop Centrifuge Machine (3K30 Sigma, USA). A standard antibiotic 

solution (Table 2.3) having penicillin 1000 IU/ml and streptomycin 100 µg/ml was added to 

both the liver homogenate and purified suspension. Both these suspensions were kept in 

sterile screw capped bottles and stored at -20 C for further use.o

3. Confirmation of Virus: 

A. Raising of Hyperimmune Serum: 

Hyperimmune serum was raised in broiler chickens as previously described by some workers 

with some modifications by using the field’s isolate of HPS virus (Hussain et al., 2003). The

experiment was done in 20 three weeks old broiler chickens, which were not previously

immunized against HPS. The field isolate of virus was inactivated by formalin (0.2%) and 

adjuvanted with Freud’s Incomplete Adjuvant (Difco Lab, USA) and 0.5ml was administered

subcutaneously in fifteen broilers. Five broilers were kept as un-inoculated control. After one 

week, broilers were again administered a similar dose of formalized and adjuvanted virus. 
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After one week of the second dose, the blood samples were collected from wing vein with 

the help of a hypodermic syringe. Sera were separated, subjected to heat inactivation in water 

bath at 56 C for 30 minutes and stored at -20 C till further use.o o

B. Agar Gel Precipitation Test (AGPT):

Agar Gel Precipitation Test (AGPT) was performed to confirm the presence of HPS virus in 

previously prepared liver homogenate suspension by the procedure described by Cullen and

Wyeth, 1975 and further modified by Hussain et al., (2003). A 0.9% agar gel containing 

8.5% sodium chloride was prepared in physiological saline and boiled until completely

dissolved. The melted agar at 40-45 C was poured in petri plates to form a 3-5 mm thicko

layer. On solidification, circular wells were cut with a guided plastic mold in daisy pattern 

having a central well surrounded by six peripheral wells. The wells were 5 mm in diameter 

and 3 mm apart from each other. The bottom of each well was sealed with a drop of melted 

agar. The individual samples, positive control antigen (formalized and adjuvanted field 

isolate) and negative control (physiological saline) were placed in the peripheral wells and 

hyperimmune serum was placed in the central well. Finally the plates were incubated in a

humidified chamber at 24 C for 48 hours and after that the plates were examined foro

precipitation lines between central and peripheral wells.

4. Data Collection: 

After giving the experimental challenge to the chicken at 22 day of age, followingnd

observations were recorded.

A. Mortality: 

The mortality of the birds was recorded as it happened at different hours post challenge. Each 

dead bird was necropsied for confirming the exact cause of death upon having post mortem 
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findings of Hydropericardium Syndrome. The major lesions observed were that whether 

there was accumulation of jelly like fluid in pericardial sac or inflamed and pale colored 

livers. 

B. Gross Lesions and Histopathology

The dead birds were necropsied and gross lesions were observed characteristics of typical 

hydropericardium syndrome in broiler chicken. The samples of liver were collected from first 

two mortalities from each pen after necropsy. At the termination of experiment two birds 

from group E (control) were sacrificed and same samples were collected. All the tissue 

samples were fixed in 10% neutral buffered formalin (Table 2.4), embedded in paraffin and

sectioned at 3-4mm thick and stained with Hematoxylin and Eosin stains. Collected tissues 

were kept in the fixative for another 24 hours for complete fixation. The fixed pieces of

tissues were washed overnight in running water to remove the fixative and dehydrate through 

the ascending grades 70%, 85% and 95% of absolute ethyl alcohol. The tissues were cleared 

after dehydration by passing through two changes of Xylene (100x100%) and followed by 

infiltration in melted paraffin having 58oC melting point. The tissues were then embedded in 

the paraffin and blocks were made. Paraffin blocks were trimmed and 4µ thick sections were

cut with Historange Microtome (Model 2218; LKB Bromma, Sweden). The ribbons of the 

sectioned tissues were allowed to float on the surface of water in a thermostatically

controlled water bath at 45-50 C. After full stretching, the floating sections were lifted ono 

glass slides previously smeared with a thin film of Mayer’s Egg Albumen. Finally, the slides 

bearing the sections were put on hot plates about 60 C for at least 5-8 minutes for final o

adhesion and drying the slides. The slides were stained in a Tissue Tek automatic stainer 

(Model DRS-601, Torrance, CA, USA) using a standard Mayer’s hemotoxylin and eosin 
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stain. After staining each slide was dipped in Xylene, mounting media permount was added 

and the slides were cover slipped. The slides were examined under light microscope using 

various magnifications. 

C. Serum Enzyme Analysis: 

For the analysis of serum enzymes, two birds from each pen except group E were marked 

soon after giving the challenge. Blood samples were collected from these birds by using 3ml 

capacity disposable hypodermic syringes at 48, 72 and 96 hours post challenge. The serum

was separated and submitted to diagnostic laboratory for the analysis of alanine

aminotransferase (ALT), aspartate aminotransferase (AST), creatinine phosphokinase (CPK), 

alkaline phosphatase (AP) and lactic dehydrogenase (LDH).

5. Termination of Experiment:

The experiment was terminated at 168 hours (7 days) post challenge.

6. Statistical Analysis:

The data regarding mortality and serum enzyme profile was subjected to statistical analysis 

by univariate analysis of variance followed by Duncan’s multiple range tests.
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PART II 

Propagation, Adaptation and Attenuation of HPS Virus in

Chicken Embryo Liver Cell Cultures

1. Isolation and Identification of Virus: 

In this experiment the same viral inoculum was used which has previously been isolated by

centrifugation and identified by Agar Gel Precipitation Test in the Part I of this chapter. 

However, the isolated and identified viral inoculum was further subjected to purification as

described below. 

2. Purification of Virus: 

The previously isolated and identified virus was subjected to further purification by

chloroform treatment and velocity density gradient centrifugation.

A. Chloroform Treatment: 

The previously centrifuged virus suspension was mixed with chloroform (1:1) in centrifuge 

tubes with the help of Pasteur pipette and again centrifuged at 1500 x g for 20 minutes. Three

distinct layers were formed. The middle layer having liver tissue debris and bottom layer 

constituting chloroform was gently removed. The top layer of clear fluid was collected in

sterilized screw capped bottles and stored at -20 C for further use.o

B. Velocity Density Gradient Centrifugation:

The Chloroform treated clear viral suspension was further subjected to velocity density 

gradient centrifugation using sucrose as gradient for the purification and concentration of

HPS virus. A 60% and 40% (w/v) sucrose solutions were prepared in TNF buffer (Table 2.5). 

Three ml of 60% sucrose solution was transferred to 30ml centrifuge tube and kept at -20 Co 

for 2 hours. Nine ml of 40% sucrose solution was then added over 60% frozen solution and 
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again kept at -20 C for 1 hour. Three ml of chloroform treated suspension was layered on to o 

the sucrose gradient and centrifuged at 130,000 x g for 3.5 hours at 4 C in a temperature o

controlled ultracentrifuge machine. Bands were harvested, pooled, centrifuged and pelleted

virus was collected. Virus was reconstituted in 1ml of physiological saline and stored at -

70 C in aliquots and labeled as MMG-1 Isolate of HPS Virus.o 

3. Determination of Biological Titer: 

A. Lethal Dose (LD ): 
50 50

The biological titer by means of Lethal Dose (LD ) of the MMG-1 Isolate of HPS Virus 50 50

was determined by using the standard method described by Reed and Muench, (1938). A 

total of 48 fifteen days old broiler chickens were randomly divided into six groups i.e. A, B, 

C, D, E and F. Each group comprised of 8 birds. A 10-fold serial dilution of MMG-1 Isolate 

of HPS Virus was prepared. The groups A, B, C, D, E and F were injected subcutaneously 

with 1ml of MMG-1 Isolate dilutions 10 , 10 , 10 , 10 , 10 and 10 respectively. -1 -2 -3 -4 -5 -6

4. TITRATION OF VIRUS: 

A. Reverse Passive Haemagglutination (RPHA) Test:

The MMG-1 Isolate of HPS Virus was titrated against known hyperimmune serum using

RPHA test (Rajeswer and Dorairajan, 1999).

a. Washing of Erythrocytes: 

Human ‘O-ve’ blood was collected with a disposable syringe and immediately poured in a 

clean screw capped test tube containing sodium citrate. After mixing gently, it was poured 

into centrifuge tubes and centrifuged at 400xg for one minute. Supernatant was discarded and

RBCs were suspended in 10 time volume of physiological saline. After mixing gently, it was
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again centrifuged at 400xg for one minute and supernatant was discarded. This process was 

repeated until the supernatant was a clear fluid.

b. Sensitization of Erythrocytes: 

Washed human ‘O-ve’ erythrocytes were sensitized with hyperimmune serum. A 2.5 ml of 

packed erythrocytes were mixed with 5 ml of hyperimmune serum and 5 ml of phosphate 

buffered saline (PBS) in a screw capped test tube. The contents were thoroughly mixed and 

kept at 37°C for 2 hours. The antibody sensitized erythrocytes were again washed three times

in physiological saline and 1% final suspension was prepared in physiological saline for 

RPHA test.

c. Test Procedure: 

Two fold serial dilutions of MMG-1 Isolate of HPS Virus were prepared in physiological 

saline in each row of 96 well microtitration plate (Flow Laboratories, U.K.) using

microdispenser (Titertek, UK). The last well of each row was kept as negative control in 

which HPS virus was not added and an equal amount (20 µl) of antibody sensitized RBC

suspension was added in all wells. The contents were mixed by gently tapping the sides of 

microtitration plate. The plate was covered and incubated at room temperature for 15 

minutes. The reciprocal of the highest dilution of virus showing agglutination (clumping of 

RBCs) was taken as the titer of MMG-1 Isolate of HPS Virus.

5. Preparation of Chicken Embryo Liver Cell Cultures:

A. Media and Reagents:

All the glassware including flasks, beakers, Petri plates, test tubes, pippets, centrifuge tubes, 

filtration assembly were properly washed, dried and sterilized in hot air oven at 160°C for 45 

minutes. Double distilled, deionized, autoclaved water was used for preparation of media and 
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reagents. All the chemicals used for media preparation were of high purity (tissue culture

grade). Recipes of different media and reagents prepared are given below.

a. Dulbeco’s Phosphate Buffered Saline: 

Dulbeco’s PBS (Ca and Mg free) was prepared for washing of monolayers and all++ ++

Ingredients were dissolved in 1 liter double distilled deionized autoclaved water and pH was 

adjusted to 7.2. Sterilized by autoclaving at 121°C under 15 lb/inch pressure for 20 minutes2

and stored at +4°C (Table 2.6).

b. Trypsin-EDTA solution: 

Trypsin-EDTA solution was used for detachment of cells from substrate during subculturing.

A 2.5 g of trypsin was added to 2 liter flask containing 200 ml double distilled deionized 

autoclaved water and a 1 inch stir bar. Flask was placed onto a magnetic stirrer (Eyela,

Japan) and mixed the trypsin solution rapidly for 1 hour. Then the other ingredients were 

added and completely dissolved by adding 800 ml more water. The media was filtered by 

negative pressure filtration after adjusting pH to 7.4 and stored at 4°C (Table 2.7).

c. Growth Medium (M199) 

It was used for growing the cells in monolayer. All the ingredients except serum were 

completely dissolved in 900 ml double distilled deionized water. A 100 ml of sterile fetal calf 

serum was then added. Medium was sterilized through negative pressure filtration after 

adjusting pH to 7.4 and stored at 4°C (Table 2.8).

d. Maintenance medium: 

The composition of maintenance medium is same as for growth medium except from fetal 

calf serum, whose concentration was reduced to 5% (50 ml/L). It was used to maintain the 

growth in monolayer after subculturing. 
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e. Trypan blue solution:

It was used to check the viability of cells before counting. Solution was sterilized by

autoclaving at 121°C under 15 lb/inch pressure for 20 minutes and stored at 4°C (Table 2.9). 2 

6. Isolation and Culture of Hepatocytes from Chicken Embryo:

A. Sample Method: 

Twelve Embryonated Hen Eggs were collected, which have been incubated for 12 to 18 days.

The surface sterilization of the eggs was done by submerging in 70% alcohol solution for 5 

minutes. The surface sterilized eggs were placed in a position large end up on a clean plastic

egg flat to let the alcohol evaporate for about 3 minutes. The shell was cracked from the large 

end and the embryo was removed to a sterile petri dish by using two pairs of blunt ended

forceps previously dipped in alcohol. The abdominal wall was teased and liver was excised

and placed in a separate sterile beaker containing Dulbeco’s Phosphate Buffered Saline (Ca ++

and Mg Free). All the livers were removed in the same way and submerged in Dulbeco’s++

Phosphate Buffered Saline and after that all the gall bladders were gently teased away and

liver tissues were transferred to clean Dulbeco’s Phosphate Buffered Saline and gently 

minced with scissor and forceps. The liver pieces were allowed to settle to bottom of beaker 

and the buffer containing RBCs was decanted and discarded and liver tissues were washed 

three times in the same way until the buffer was clear. The last wash was drained off and 

tissue fragments were poured into a trypsinization flask rinsing the beaker out with the 

trypsin solution. Fifty ml of the pre warmed (37 C) Trypsin-EDTA solution was added to theo

flaks, which already had a magnetic stirrer bar in it. The flask was put on a stirrer base in

37 C incubator and stirred very gently for 15-20 minutes. When the supernatant was cloudy o 

the flaks was shaken and allowed to set down for several minutes to let the clumps settle out. 
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The supernatant was poured off in a sterile flask and 5ml of cold heat inactivated bovine fetal 

serum was added to stop the trypsinization. The mixture was poured over sterile 4 layers of 

cheese cloth. The freed cells were collected by centrifugation at 500 g for 5 minutes and cell 

pellet was resuspended with 8ml of the Dulbeco’s Phosphate Buffered Saline. Four ml of cell 

suspension was laid atop 2ml of Histopaque 1077(Sigma Chemical Co., St. Louis, MO, pre 

warmed to room temperature) and centrifuged at 700 g for 15 minutes to precipitate the red 

blood cells. The cells were transferred at the interface to a sterile glass test tube and washed

twice in Ca and Mg free Saline by centrifugation for 5 minutes at 500 g. The cells were 

resuspended in Medium 199 amended with 10% heat inactivated fetal bovine serum and 

antibiotics. The viable cell concentration was determined by mixing 30 µl of cell with 30 µl

of 0.4% trypan blue in PBS, transferring the mixture to the hemocytometer, leaving for 1-2

minutes and counting the number of non stained cells. The cells were adjusted to a desirable 

concentration (2.5 x 106 cells / ml of media). One ml of the cell suspension was slowly

added into a 25 cm tissue culture flasks having pre warmed growth medium 199. The flasks 2 

were closed and kept in CO incubator (Sanyo, Japan) at 5% CO and 37 C temperature. Theo
2 2

cells were examined daily twice under inverted microscope (Olympus CK 40, Japan) for the 

formation of monolayers. 

B. Subculturing of Monolayer

The subculturing was performed as described by Freshney, (1987). When confluent

monolayer was formed, the flask was opened in class-II safety cabinet to remove the spent

medium. Monolayer was gently washed twice by adding 2 ml pre-warmed sterilized

Dulbeco’s PBS without Ca and Mg to completely remove the growth medium. One ml of ++ ++

sterilized pre-warmed trypsin-EDTA solution was pipetted onto the washed monolayer. Flask
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was rotated to cover the monolayer with trypsin. After 30 seconds, the trypsin-EDTA 

solution was decanted out and flask was kept in CO incubator at 37°C for 5 minutes.2

Examined under inverted microscope and when all the cells were detached and floating, 2 ml 

pre-warmed growth medium with serum was added to stop the action of trypsin. A 100 µl 

was removed to check the viability and cells were counted with hemocytometer. The cells 

were seeded into new flasks containing pre-warmed growth medium (2.5 x 106 cells / ml of 

media). The flasks were again incubated at 37°C in 5% CO using CO incubator. 2 2

C. Quantification of Cells: 

The cells were counted and viability percentage was calculated (Freshney, 1987). A 100 µl of 

trypan blue was added to 100 µl of cell suspension and mixed by gentle pipetting. The 

surface of counting chamber and cover slip of the hemocytometer was cleaned with 70%

isopropanol and allowed to dry in air. The sides of cover slip were moistened with water and 

placed it over the counting chamber. Filled both sides of the chamber with 20µl of well 

mixed cell suspension using microdispenser. Hemocytometer was placed under a light 

microscope and viewed using 20 x magnifications. Total number of viable (seen as bright 

cells) and non-viable cells (stained blue) were counted in 1 mm area. Concentration of 2

viable and non-viable cells and the percentage of viable cells was calculated using the 

following equations. 

C  =  N x 10 4 

Where 

C    =   Cells (viable or non-viable) per ml 

N   =    Average of cells (viable or non-viable) counted

10 =  Volume conversion factor for 0.1mm (1 mm x 0.1mm)4 3 2
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No. of viable cells 
Percentage viability =  --------------------- x 100
Total No. of cells

7. Adaptation and Attenuation of HPS Virus:

A. Infection of CELC Monolayer: 

The MMG-1 isolate of HPS virus was used to infect the healthy, semi-confluent monolayers

of Chicken Embryo Liver Cells. The growth medium of the flasks was removed and the

monolayers were washed twice with prewarmed sterilized Dulbecco’s PBS. A 0.2 ml of 

MMG-1 isolate was dispensed over the each monolayer using 0.2 µm pore size filters

(Whatman Int. Ltd., England) along with negative control. The inoculum was spread

uniformly over each monolayer and flasks were incubated at 37°C for 1 hour with

intermittent rotation to allow the virus to adsorb on the surface of Liver Cells. Five ml of 

sterilized pre-warmed maintenance medium was added in each flask and incubated them at 

37°C in the presence of 5% CO in CO incubator. The monolayers were examined twice2 2 

daily under inverted microscope for Cytopathogenic Effects (CPEs).

B. Harvesting of Virus: 

The culture fluid was harvested by three freeze-thaw cycles and clarified by centrifugation at

5000 rpm for 5 minutes. The infected flasks after removing media were transferred to -20°C 

for overnight at 6 day post-infection. The flasks were then thawed at room temperature. This

process was repeated three times. The virus suspension was then poured into eppendorf tubes

and centrifuged at 5000 rpm for 5 minutes at 4°C to pellet the cell debris. The clear

supernatant was collected carefully, divided into two aliquots, labeled as passage 1 (P1) and 

stored at -70°C for the next infection. 
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C. Adaptation and Attenuation: 

The passage 1 (P1) virus was inoculated again to fresh, healthy and semi confluent

monolayers of CELC using the same technique and observed for CPEs. The virus was

harvested by three freeze-thaw cycles, clarified and labeled as passage 2 (P2). In this way 

HPS virus was adapted to CELC when the CPEs were clear and consistent. The adapted virus

was serially passaged until it became attenuated (non-pathogenic).

8. Identification and Confirmation of Virus:

The HPS virus was identified on CELC monolayers through its cytopathic effects (CPEs). 

The characteristic changes in the infected monolayers were carefully noted after each

passage. The time for the appearance of CPEs and the intensity of CPEs was also examined

in each passage. To confirm that the adapted and attenuated virus on CELC was HPS virus, 

the supernatant stored from each passage was subjected to agar gel precipitation test (AGPT) 

using the known hyperimmune serum (Cullen and Wyeth, 1975).

9. Pathogenicity Testing of Virus: 

The MMG-1 isolate of HPS virus, passage 2, passage 4, passage6, passage 8, passage 10 and 

passage 12 of HPS virus derived from chicken embryo liver cell cultures (CELC) were 

selected and subjected to pathogenicity testing in chickens. A total of eighty 14-days old

broiler chickens (Hubbard x Hubbard), which were not previously vaccinated against 

hydropericardium syndrome reared under standard husbandry conditions for 21 days of age. 

The chicks were fed quality feed and fresh water ad libitum. At 21 day of age the chicks st

were individually weighed and were randomly assigned to 8 floor pens (10 chicks per pen) so

that the initial body weight and range was similar among all pens (620 gram +25). Pen

partitions were done with hard board to avoid physical contact of chicks between different 
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pens. Each pen was fitted with trough feeders and round drinkers and rice husk was used 

bedding material. Each pen served as on experimental group and numbered as 1, 2, 3, 4, 5, 6, 

7 and 8. The chickens of 1 to 7 group were inoculated with 0.5 ml of MMG -1 isolate of HPS

virus (group 1) and passage 2, 4, 6, 8, 10 and 12 (group 2, 3, 4, 5, 6 and 7) respectively 

through subcutaneous route. The group 8 was kept as control and inoculated similarly with 

0.5 ml of phosphate buffered saline (PBS). At day 7 post inoculation five birds from each 

group were randomly selected and sacrificed. The gross pathological lesions such as

hydropericardium and hepatitis were observed in each bird. The histopathological changes

were observed and scored in liver on the basis of focal necrosis and presence of large 

basophilic intra nuclear inclusion bodies in the hepatocytes.

10. Titration of Attenuated HPS Virus: 

The CELC adapted and attenuated HPS virus was titrated by means of Tissue Culture 

Infective Dose (TCID ). Tissue culture infective dose 50 (TCID ) of attenuated HPSV50 50 50

was also calculated (Reed and Muench, 1938). A 10 fold serial dilution of virus was prepared 

in phosphate buffered saline (PBS) from 10 to 10 . CELC monolayer was prepared in 96- -1 -10

well tissue culture microtitration plate (Nunc Easy flask, Sigma). A 100 µl of each dilution of 

virus was inoculated in each well of first row using microdispensor (Titertek, UK) leaving 

the last two well as negative control. The plate was incubated at 37°C in 5% CO for 5 days.2 

The plate was examined twice daily for CPEs and stained the wells with 1% crystal violet 

solution when complete CPEs were observed. Monolayer was washed with pre-warmed PBS 

to remove excess crystal violet. After drying the plate, it was observed under inverted 

microscope and data was calculated to determine TCID as described by Reed and Muench 
50

(1938).
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PART III 

Production of Different Vaccines

1. Cell Culture Adapted Killed Vaccine:

I. CCA-BEI:

The live CELC adapted HPS virus (passage 4) was subjected to inactivation using binnary 

ethyleneimine (BEI) following the method described by Bahnemann, (1990). Binnary 

ethyleneimine (0.1 M Solution, Table 2.10) was prepared by dissolving bromoethylamine 

hydrobromide 25.5 gram per liter of 0.175% sodium hydroxide at 37 C for 30 minutes. A o

0.1M BEI solution was added to passage 4 virus at a concentration of 1-3%. This gave a final 

concentration of 1-3mM BEI at 37 C under slow stirring for 20 minutes. The residual BEI o

was hydrolyzed with a sterile 1M sodium thiosulfate which was added at equi-molar 

concentration to BEI solution. 

A. Test for Inactivation:

The inactivated virus was inoculated on to the fresh and healthy monolayer of CELC and 

given two serial passages to test for the residual infectivity of virus in vitro .

B. Sterility Test:

About five ml of inactivated virus suspension was centrifuged at 600 x g for 15 minutes. The 

sediment was streaked on the Nutrient agar, MacConkey’s agar, Blood agar and Sabaurad’s

agar plates. A loopful material was inoculated in test tubes containing nutrient broth,

thioglycolate broth and mycoplasma broth. The inoculated media were incubated at 37°C for 

48 hours. While the mycoplasma broth was incubated at 37°C for 10 days and Sabaurad’s
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agar at 25°C in humidified chamber for a week. The broth media were observed for turbidity 

and agar plates for any microbial growth.

2. Cell Culture Adapted Live Attenuated Vaccine:

I. CCA-LA: 

The CELC adapted Hydropericardium Syndrome Virus (HPSV) showing clear and consistent 

cytopathic effects (CPEs) was serially passaged until it became attenuated (non-pathogenic). 

The culture supernatant of attenuated (passage 12) virus was harvested by three freeze-thaw 

cycles and clarified by centrifugation at 5000 rpm for 5 minutes. The clear supernatant was

passed through 0.2µm filter and further purified through velocity density gradient

centrifugation. This particular virus was tested for its efficacy as live attenuated Chicken 

Embryo Liver Cell Culture adapted HPS vaccine.
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PART IV

Evaluation of Vaccines in Experimental and Field Trials

I. Experimental Trials:

A. Experimental Design:

Total of 600 day-old chicks (Hubbard x Hubbard) were reared under standard husbandry 

conditions for 14 days of age. The chicks were fed quality feed and fresh water ad libitum. At 

15 day of age chicks were individually weighed and a total of 400 chicks were randomlyth

assigned to 20 floor pens (20 chicks per pen) so that the initial body weight and range was

similar among all pens (320 gram +15). Individual pen measurement was 8 x 5 square feet. 

Pen partitions were done with hard mesh wire and cardboard to avoid physical contact of 

chicks between different pens. Each pen was fitted with trough feeders and round drinkers 

and rice husk was used as bedding material. Each pen served as one experimental unit. Four 

experimental treatments were randomly assigned to five replicate pens each. Treatments were 

employed according to Table 2.11 and the chicks in all groups were vaccinated at 15 day ofth

age with the respective vaccines except group D, which was Unvaccinated Control. The

Chickens in group A, B and C were given 0.2ml dose of respective vaccines through 

subcutaneous route under the wing while the group D was injected with same dose of normal 

saline, which served as unvaccinated control according to the following schedule.

B. Pathogenicity of Vaccines: 

a. Gross and Microscopic Lesions:

At 5, 10, 15 and 20 days post vaccination 10 birds from each group (2 birds from each 

replicate) were randomly selected, individually weighed and sacrificed. Gross lesions of the 
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sacrificed birds were recorded on post mortem examination and the major lesion observed

was accumulation of jelly like fluid in the pericardial sac or hydropericardium, the most

important gross lesion of hydropericardium syndrome.

The liver samples were also processed for histopathology by fixing in 10% (v/v) buffered 

formalin to observe the presence of large basophilic intranuclear inclusion bodies in the 

hepatocytes. Collected tissues were kept in the fixative for another 24 hours for complete 

fixation. The fixed pieces of tissues were washed overnight in running water to remove the

fixative and dehydrate through the ascending grades 70%, 85% and 95% of absolute ethyl 

alcohol. The tissues were cleared after dehydration by passing through two changes of 

Xylene (100x100%). Cleaning was followed by infiltration in melted paraffin having 58 Co 

melting point. The tissues were then embedded in the paraffin and blocks were made. 

Paraffin blocks were trimmed and 4µ thick sections were cut with Historange Microtome

(Model 2218; LKB Bromma, Sweden).

The ribbons of the sectioned tissues were allowed to float on the surface of water in a 

thermostatically controlled water bath at 45-50 C. After full stretching, the floating sections o

were lifted on glass slides previously smeared with a thin film of Mayer’s Egg Albumen. 

Finally, the slides bearing the sections were put on hot plates about 60 C for at least 5-8 o

minutes for final adhesion and drying the slides. The slides were stained in a Tissue Tek

automatic stainer (Model DRS-601, Torrance, CA, USA) using a standard Mayer’s

hemotoxylin and eosin stain. After staining each slide was dipped in Xylene, mounting media 

permount was added and the slides were cover slipped. Slides were examined under light

microscope using various magnifications. 
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C. Immunogenicity of Vaccines:

Before vaccination (15 day of age) and at 5, 10, 15 and 20 days post vaccination (20 , 25 ,th th th

30 and 35 days of age respectively) 10 birds from each group (2 birds from each replicate) th th 

were randomly selected and blood samples were collected from wing vein aseptically. The 

serum was separated and heat inactivated at 56 C in water bath for 30 minutes. Serum o

samples were stored in aliquots at –20 C. The humoral immune response was determined by o 

using indirect haemagglutination (IHA) assay described by Rehman et al., (1989) and virus 

neutralization test by Rasool and Hussain, (2006).

a. Indirect Hemagglutination Test:

1. Preparation of Antigen: 

The previously prepared MMG-1 isolate of HPS virus (Part I) was used as antigen for the

determination of humoral immune response provoked by different vaccines by using an 

indirect haemagglutination test (IHA) as described by Rehman et al., (1989).

2. Washing of Erythrocytes: 

Human ‘O-ve’ blood was collected with a disposable syringe and immediately poured in a 

clean screw capped test tube containing sodium citrate. After mixing gently, it was poured 

into centrifuge tubes and centrifuged at 400xg for one minute. Supernatant was discarded and

RBCs were suspended in 10 time volume of physiological saline. After mixing gently, it was

again centrifuged at 400xg for one minute and supernatant was discarded. This process was 

repeated until the supernatant was a clear fluid.

3. Sensitization of Erythrocytes: 

Washed human ‘O-ve’ erythrocytes were sensitized with antigen (MMG-1). A 2.0 ml of 

MMG-1 isolate was mixed with 0.2 ml of packed human group O erythrocytes and 5 ml of 
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phosphate buffered saline (PBS) in a screw capped test tube. The contents were thoroughly 

mixed and kept at 37°C for 2 hours. The antibody sensitized erythrocytes were again washed

three times in physiological saline and 1% final suspension was prepared in physiological 

saline for IHA test. 

4. Test Procedure:

Two fold serial dilutions of serum samples were prepared in physiological saline in each row

of 96 well microtitration plate (Flow Laboratories, U.K.) using microdispenser (Titertek, 

UK). Routinely 50µl of 1% sensitized erythrocytes suspensions were added in wells

containing 50µl of serum dilutions. Two control wells were kept remained containing 50µl of 

sensitized erythrocytes only. The contents were mixed by gently tapping the sides of 

microtitration plate. The plate was covered and incubated at room temperature for 15 

minutes. The reciprocal of the highest dilution of serum samples showing agglutination 

(clumping of RBCs) was taken as the IHA antibody titer of given sample.

b. Virus Neutralization Test: 

The virus neutralization test was carried out as constant virus dilution serum method

performed in microtiter system. A complete monolayer of chicken embryo liver cell culture

(CELC) was prepared and washed with Dulbecco’s PBS in 96 well tissue culture

microtitration plates. Two fold serum dilution of each serum sample was prepared in medium 

M199 and 25µl of each dilution was added in each well leaving the last well of each row as 

control. A 25µl of CELC adapted HPS virus with 7.45 log TCID /ml was added in each
10 50

well and plates were incubated at 37 C for 5 days. Following incubation, the growth medium o 

was removed and cells were rinsed with 100% buffered formalin for 5 minutes. The formalin

was decanted and cells were stained for 3 minutes with 1% crystal violet. The virus
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neutralization titer for each antiserum was recorded as the reciprocal of the highest dilution 

where monolayers remained 100% intact or where no CPEs were observed compared with 

the control wells.

D. Experimental Challenge:

a. Protection Percentage: 

All the remaining birds in each replicate of each group (A-D) were challenged at 36 day ofth

age (21 days post vaccination) with MMG-I isolate (Part I) of HPS virus. The chickens were

inoculated with 1ml of MMG-I isolate via subcutaneous route and the clinical signs and 

symptoms were carefully observed following challenge up to 42 days of age. Percent 

mortality was recorded and protection percentage was calculated in each group.

E. Statistical Analysis:

Data were analyzed by calculating geometric mean titers (GMTs) and through One Way

Analysis of Variance (ANOVA) followed by Tukey’s Pair wise Test.

II. Field Trials:

The best performed vaccine in the experimental trial was evaluated on large scale by 

conducing field trials on commercial poultry farms located in different cities of Pakistan. 
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CHAPTER 3

RESULTS

Experimental Reproduction of Hydropericardium Syndrome

Poultry industry has made astounding progress over the past few years in Pakistan. Despite 

being well established and well organized the poultry industry in Pakistan is still confronted 

with many acute and fatal diseases. Hydropericardium syndrome is one of the most important 

disease (Khan et al., 2005) and has caused huge economic losses to poultry industry in

Pakistan. The disease has been reproduced experimentally in broiler chickens of 1-3 weeks of 

age by subcutaneous or oral inoculation of isolated fowl adenovirus 4 ((Balamurugan et al.,

2001; Dahiya et al., 2002) with high mortality, typical hydropericardium and enlarged

mottled and friable livers with intranuclear inclusion bodies in the hepatocytes (Balamurugan 

and Kataria, 2006). Keeping in view the hepato cellular damage caused by hydropericardium 

syndrome in broilers, various aspects of clinical pathology including the activity of organs 

specific enzymes has already been studied (Zaman and Khan, 1991; Iqbal et al., 1994,

Deepak, 1998). The present study was aimed to evaluate the effect of route and type of 

inoculum on mortality, gross and microscopic lesions and activity of organ specific enzyme

of chicken experimentally infected with hydropericardium syndrome as well as to evaluate 

the significance of organ specific enzymes in the diagnosis of hydropericardium syndrome in 

poultry. 

1. Experimental Design:

In this experiment total of 200 one day old chicks (Hubbard x Hubbard) were procured from 

a local breeding company and reared under standard husbandry practices for 21 days. During 
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this period the health of all the chicks was excellent and their feed and water intake was 

normal. During this period there was no mortality observed in the flock. At 21 day of agest 

individual chicks were weighed and the initial body weight and range was found similar 

among all birds. A total of 100 chicks were randomly assigned to 20 floor pens (5 chicks per 

pen) and experiment was done in a Completely Randomized Design (CRD). After shifting 

the each pen was subjected to particular treatment according to the schedule and HPS was 

successfully reproduced in experimental conditions.

2. Preparation of Inoculum:

A. Collection and Processing of Samples:

In the present study the livers were used as a sample for the isolation of virus. The liver

samples were collected through Public and Private Sector throughout the major poultry 

producing areas like NWFP, Islamabad/Rawalpindi, Lahore, Faisalabad, Multan and Rahim 

Yar Khan. On hearing a report of filed outbreak the affected flocks were visited and the dead 

birds were necropsied. The major post mortem lesions observed were enlarged pale yellow

colored livers, accumulation of jelly like fluid in pericardial sac or hydropericardium, 

congested and inflamed kidneys and edematous lungs, characteristic of typical

hydropericardium syndrome. 

The liver samples were subjected to further processing and a 20% w/v liver homogenate was 

prepared with normal saline. A purified suspension was also prepared by centrifuging the

20% liver homogenate and both these inoculums were further subjected for the confirmation

of HPS virus. 
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3. Confirmation of Virus: 

A. Agar Gel Precipitation Test (AGPT):

The liver homogenate and purified suspensions were subjected to confirmation of virus and 

positive results were found in both these inoculums. There were clear-cut lines of

precipitation between both of these inoculums and hyperimmune sera when subjected to agar 

gel precipitation test (AGPT).

4. Data Collection: 

A. Percent Mortality: 

After giving the challenge, the disease was successfully reproduced in the experimental 

chicks and mortality was started among all groups except group E without showing any signs 

of illness. The data was subjected to Chi Square Test and the results revealed that there was 

highly significant difference (p<0.01) between the percent mortality among different

treatment groups. Maximum mortality was recorded in treatment C (45%) while low

mortality rates were observed in treatment A (15%) at the termination of experiment (168 

hours post challenge). Table 3.1 shows the percent mortalities in different treatment groups. 

B. Mortality at different Hours Post Challenge:

After the successful experimental reproduction of hydropericardium syndrome in broiler 

chicken the mortality was started among all groups except group E. The mortality was 

observed at different hours post challenge in different treatment groups.

The data regarding the mortalities at different hours post challenge among all groups was

subjected to statistical analysis and median survival time for each treatment group during the

entire period of experiment (168 hours) was calculated. The results revealed that lowest

median survival time was observed in group C (homogenate subcutaneous) which was 40.5 
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hours followed by highest mortality of 40 percent as compared to other groups. In group D 

(purified subcutaneous) the median survival time was 52.5 hours followed by a 25 percent 

mortality rate. In group A (homogenate oral) the median survival time was 90 hours with a 

lowest mortality rate of 15 percent and in group B (purified oral) the maximum median

survival time of 105 hours was observed followed by a mortality rate of 30 percent.

It was also observed that the subcutaneous route of inoculum directly affected the onset of

disease in experimental chicken showing lowest median survival times for group C (40.5 

hours) and for group D (52.5 hours) respectively as there was an early induction of disease in 

both these groups as compared to other groups. As far as the oral route is concerned there 

was highest median survival times observed in group A (90 hours) and group B (105 hours) 

respectively. Table 3.2 presents the median survival time for each treatment group.
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Table 3.1: Percent mortalities among different treatment groups

Treatment Groups  % Mortality

A Homogenate Oral  15 %

Purified Oral  30 %B 

C Homogenate Subcutaneous  45 %

D Purified Subcutaneous  25 %

E Control 0 % 

– Value 49.12**

(**p < 0.01) 

Table 3.2: Median Survival Time for different treatment groups

Treatments Groups  Median Survival Time

Homogenate Oral  90 hoursA

B Purified Oral  105 hours

C Homogenate Subcutaneous  40.5 hours

D Purified Subcutaneous  52.5 hours

E  Control  168 + hours 
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C. Gross Lesions and Histopathology:

The post mortem findings revealed that there were considerable differences in the severity of 

gross lesions among different treatment groups. The most prominent gross lesion observed in 

all groups were enlarged and pale yellow colored liver with varying intensity of hepatitis and

accumulation of jelly like fluid in the pericardial sac or hydropericardium, the characteristic 

lesion of hydropericardium syndrome in broilers.

The gross and microscopic lesions observed in group A (homogenate oral) revealed a slight 

intensity of hydropericardium syndrome followed by few gross lesions including dark 

colored and slightly swollen livers and comparatively less quantity of jelly like fluid in 

pericardial sac. There were also very few intra nuclear inclusion bodies in the hepatic tissues 

followed by focal necrosis as shown in Figures 3.1 and 3.2 respectively.

The moderate lesions were observed in group B (purified oral) and livers were found 

swollen, friable and dark to pale yellow colored but more in intensity as compared to the

group A. The histopathology of group B revealed that there were moderate microscopic 

lesions which include focal necrosis and large basophilic intra nuclear inclusion bodies. The 

gross and microscopic lesions observed in group B are shown in Figures 3.3 and 3.4

respectively. 

Among different groups the severe lesions were observed in group C (homogenate

subcutaneous) in which the livers were swollen, friable, congested and dark to pale yellow in

appearance and showed necrosis. There was also severe hydropericardium in group C and up 

to five mill liter jelly like fluid was observed in this group (Figure 3.5). The microscopic 

examination of liver tissue revealed that there were multiple areas of focal necrosis with
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mononuclear cells infiltration accompanied with large basophilic intra nuclear inclusion 

bodies in group C as described in Figure 3.6.

Very few to moderate gross (Figures 3.7) and histopathological lesions (Figures 3.8) were 

observed in group D (purified subcutaneous) with almost similar intensity as were in group 

B. In control group E there was no mortality due to hydropericardium syndrome or any other 

reason and microscopic examination of liver showed normal histology of the hepatic tissue 

and are presented in Figures 3.9 and 3.10 respectively.
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Figure 3.1: Gross lesions observed in Group A
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Figure 3.2: Microscopic lesions observed in Group A
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Figure 3.3: Gross lesions observed in Group B
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Figure 3.4: Microscopic lesions observed in Group B
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Figure 3.5: Gross lesions observed in Group C
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Figure 3.6: Microscopic lesions observed in Group C
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Figure 3.7: Gross lesions observed in Group D
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Figure 3.8: Microscopic lesions observed in Group D
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Figure 3.9: No Mortality in Group E
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Figure 3.10: Normal Liver Tissue in Group E
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D. Serum Enzyme Profile: 

The present study was conducted to evaluate the effect of route and type of inoculum on the 

serum enzyme profile of chickens experimentally infected with hydropericardium syndrome. 

The results of the serum enzyme analysis were also subjected to univariate analysis of

variance followed by Duncan’s Multiple Range Test.

A highly significant effect of different route and type of inoculum at different hours post 

inoculation was observed on the activity of Alanine Aminotransferase (ALT). The results

revealed that a significantly higher level of ALT was observed at 72 hours post inoculation. 

At 48 hours post inoculation the level of ALT were lowest, gradually increased with the

passage of time and were highest at 72 hours post inoculation and after that decline at 96 

hours post inoculation. The lowest activity of ALT was observed in group A (Homogenate 

Oral) while significantly high (P<0.05) level of ALT was observed in group C (Homogenate 

Subcutaneous). Table 3.3 and Figure 3.11 shows the levels of ALT in different treatment 

groups at different hours post inoculation.

The activity of Aspartate Aminotransferase (AST) was also significantly affected by

different route and type of inoculum and similar pattern was observed as with ALT. At 72 

hour post inoculation the activity of AST was significantly higher (P<0.05) with a gradual

decrease at 96 hours post inoculation (Figure 3.12). On the other hand the AST was

significantly high (P<0.05) in group C (Homogenate Subcutaneous) and lowest activity was 

observed in group A (Homogenate Oral) (Table 3.4).

The analysis of Creatinine Phosphokinase (CPK) revealed that there was a significant 

difference between the levels of CPK with different route and type of inoculum at different 

hours post inoculation. CPK was significantly lower at 48 hours post inoculation with 
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gradual increase at 72 hours post inoculation (P<0.05) and declined at 96 hours post

inoculation (Figure 3.13) in the same pattern as with ALT and AST. A significantly high

level (P<0.05) of CPK was observed in group C (Homogenate Subcutaneous) while lowest 

level was observed in group A (Homogenate Oral). The levels of CPK in different treatment 

groups are presented in Table 3.5. 

The effect of different route and type of inoculum on the activity of Lactic Dehydrogenase 

(LDH) was also significant. It is very important to mention here that unlike previous

enzymes the levels of LDH were significantly high (P<0.05) at 96 hours post inoculation

(Figure 3.14). Again there was an increased activity of LDH in group C (Homogenate 

Subcutaneous) like other enzymes. A significantly lowest (P<0.05) activity of LDH was 

observed (Table 3.6) in group A (Homogenate Oral).

A significantly higher (P<0.05) level of Alkaline Phosphatase (AP) was observed in group C

(Homogenate Subcutaneous) like all other enzymes. Although at 72 hours post inoculation 

the levels of AP were high but there was a non-significant difference between the levels of 

AP at 48 hours and 72 hours post inoculation. However, at 96 hours post inoculation the 

levels of AP were significantly lower (P<0.05)  as compared with 48 hours and 72 hours post 

inoculation. The lowest activity of AP was observed in group A (Homogenate Oral) as 

observed in case of other enzymes. The levels of AP in different treatment groups at different 

hours post inoculation are shown in Table 3.7 and Figure 3.15.
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Table 3.3: Levels of ALT in different treatment groups at different time intervals

Time Groups 

Mean SEMA B C D 

48 hours  35.625  51.375  43.000  42.500 43.125 + 1.794 b

72 hours  52.250  59.375  52.375  52.125 54.031 + 1.448 a

96 hours  23.750  18.875  94.000  23.250 39.969 + 5.790 b

Mean 37.208 43.208 63.125 39.292 45.708c b a bc

SEM + 2.751  + 4.002  + 5.088 + 2.873  + 2.146

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – Homogenate Oral 

Group B – Purified Oral

Group C – Homogenate Subcutaneous 

Group D – Purified Subcutaneous

Figure 3.11: Levels of ALT at different hours post inoculation
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Table 3.4: Levels of AST in different treatment groups at different time intervals 

Time Groups

Mean SEMA B C D 

48 hours  187.000  252.500 267.750 188.500 223.938 + 10.89 b

72 hours  267.125  255.625 262.125 303.125 + 15.56 272.000a

96 hours  188.750  240.375 270.375 238.750 234.563 + 19.62 b

Mean 214.292 249.500 266.750 243.458 243.500c b a b

SEM + 17.43  + 17.26  + 18.52  + 20.16  + 9.25

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – Homogenate Oral 

Group B – Purified Oral

Group C – Homogenate Subcutaneous 

Group D – Purified Subcutaneous

Figure 3.12: Levels of AST at different hours post inoculation
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Table 3.5: Levels of CPK in different treatment groups at different time intervals

Time Groups 

A B C D Mean SEM

48 hours  1193.375  1175.625  1233.750  1098.750 1175.375 + 33.29 c

72 hours  1497.500  1706.750  3938.250  1700.000 2210.625 + 233.93a

96 hours  654.500  1188.750  4353.500  1104.625 1825.344 + 385.84b

Mean 1115.125 1357.042 3175.167 1301.125 1737.115c b a b

SEM + 89.15  + 68.53  + 508.56  + 84.00  + 155.52

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – Homogenate Oral 

Group B – Purified Oral

Group C – Homogenate Subcutaneous 

Group D – Purified Subcutaneous

Figure 3.13: Levels of CPK at different hours post inoculation
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Table 3.6: Levels of LDH in different treatment groups at different time intervals 

Time Groups 

A B C D Mean SEM

48 hours  872.875  909.375  1020.00  1006.750 952.250 + 29.39 c

72 hours  537.500  1558.750  1425.625  1255.000 1194.219 + 75.56 b

96 hours  1536.500  1465.375  2123.125  1442.125 1641.906 + 64.03 a

Mean 982.292 1311.333 1522.917 1234.625 1262.792c b a b

SEM + 92.14  + 69.60  + 105.98  + 48.06  + 44.95

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – Homogenate Oral 

Group B – Purified Oral

Group C – Homogenate Subcutaneous 

Group D – Purified Subcutaneous

Figure 3.14: Levels of LDH at different hours post inoculation
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Table 3.7: Levels of AP in different treatment groups at different time intervals 

Time Groups 

A B C D Mean SEM

48 hours  3635.125  3704.000  3712.500  4086.250 3784.469 + 129.09a

72 hours  1543.375  4221.625  5953.000  3908.750 3906.688 + 325.14a

96 hours  1769.375  2702.500  2274.375  2222.875 2242.281 + 93.48 b

Mean 2315.958 3542.708 3979.958 3405.958 3311.146c b a b

SEM + 244.84  + 205.34  + 331.69  + 240.94  + 142.48

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – Homogenate Oral 

Group B – Purified Oral

Group C – Homogenate Subcutaneous 

Group D – Purified Subcutaneous

Figure 3.15: Levels of AP at different hours post inoculation
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DISCUSSION 

Experimental Reproduction of Hydropericardium Syndrome

Hydropericardium syndrome (HPS) was successfully reproduced in experimental conditions 

in healthy broiler chicken which were not previously vaccinated against the disease. The 

disease has already been reported as pathological condition of broiler chicken of 3-7 weeks

of age showing involvement of heart and liver (Jaffery, 1988; Khawaja et al., 1988a). The 

liver has found to be the most important target organ in many cases by most of the workers 

(Anjum, 1988). Due to this reason the liver was selected as a source of experimental

infection in the present study. A field survey was conducted in the major poultry producing 

areas of Pakistan through the involvement of public and private sector. The flocks affected 

from HPS were visited and liver samples from diseased birds were aseptically collected. It 

was evident from the previous studies that disease can be reproduced in broiler chicken by 

subcutaneous inoculation of 0.2 to 0.3 ml per bird of 10 to 20 percent suspension of live

homogenate from naturally or experimentally infected birds (Cheema et al., 1989; Anjum, 

1990; Kumar et al., 1997). In the present study the liver samples were subjected to further 

processing and a 20 percent w/v liver homogenate suspension was prepared in normal saline. 

A purified suspension was also produced by centrifuging the liver homogenate as adapted by 

some workers (Anjum, 1990; Hussain et al., 2003).

The presence of HPS virus in both these inoculums was confirmed by agar gel precipitation 

test (AGPT) and there were clear cut lines of precipitation between both of these inoculums 

and hyperimmune sera. These findings are in agreement with those observed (Tariq, 1988; 

Hasssan et al., 1994; Kumar et al.,1997; Roy et al., 2001; Naeem et al.,2001; Hussain et al.,
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2003). These workers have also suggested the importance of AGPT in the confirmation of 

HPS virus in liver homogenate and purified suspensions. After the confirmation of virus in 

liver homogenate and purified suspension, the birds were challenged both by subcutaneous 

and oral route using both these inoculums. In the preliminary studies while determining the 

etiology of HPS, the disease has successfully been reproduced in broilers by inoculating liver 

homogenates from infected birds (Khawaja et al.,1988a; Anjum et al.,1989; Cheema et al.,

1989; Afzal et al., 1991; Gowda and Satyanarayana, 1994; Asrani et al., 1997; Chandra et

al.,1997). 

In the present study HPS has successfully been reproduced in broilers of 21 to 28 days of age

under experimental conditions by inoculating with 20 percent liver homogenate and purified 

suspension both via subcutaneous and oral routes. However, the intensity and severity of the 

induced disease was found variable with different routes and types of inoculum. These 

findings are in close agreement with the observations of Akhtar, (1992) who has reported that 

the experimental reproduction of HPS was directly influenced by the age of birds, route, type

and dose of infection. In another study Roy et al., (2004) reproduced the disease with

subcutaneous inoculation of infected liver homogenate in broilers ranging from 21 to 56 days

of age.  In our studies the severe HPS was observed in birds inoculated with live homogenate

via subcutaneous route. Muneer et al., (1989) have earlier reported that the liver homogenate 

via subcutaneous route was the most successful route of experimental transmission of HPS.

The same findings have also been reported by Anjum, (1990) while conducting trials on 

experimental induction of HPS in broilers. 

In the present study the disease has also been experimentally reproduced in broilers by oral 

inoculation of infected live homogenate but with less severity as compared to the
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subcutaneous route. These findings are in contrast with the results of Anjum, (1990) who

failed to reproduce the disease in experimental broilers by inoculating liver homogenate via

oral route. In the subsequent work Naeem et al., (2001) stated that the experiment reported 

here regarding the route of disease transmission indicated that the most successful route of 

infection is subcutaneous inoculation irrespective of age of birds; however, the oral route

administration was only successful up to 7 days of age. So there is a contrast in our findings 

with those reported by Naeem et al., (2001) as in our experiment the disease has been 

reproduced up to 28 days of age via oral route irrespective of age. While studying the 

pathogenesis of disease Mazaheri et al., (1998) have reproduced the condition in day old 

specific pathogen free chicken by oral inoculation of purified virus from field outbreaks of 

HPS in Ecuador and subsequently reisolated the agent. These findings are also in close

similarity with our findings in which the disease has also been reproduced via oral and 

subcutaneous route by using purified suspensions.

In the light of the findings of present study it is also suggested that in natural infections oral

route seems to be most vulnerable route of infection as compared to other routes while in 

experimental conditions the disease can be reproduced by various parenteral routes out of 

which the subcutaneous route is of prime importance. Naeem et al, (2001) have also 

suggested the same findings in their studies. Balamurugan and Kataria, (2004) and Khan et

al.,(2005) have also suggested that HPS virus could cause disease successfully following

oral or subcutaneous route of infection. 

Mortality:

In the present study after giving the challenge the disease was successfully reproduced and 

mortality was started among all groups except un-inoculated control group. There was a 
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highly significant difference (P<0.05) between the percent mortality among different groups.

Maximum mortality of 45 percent was observed when liver homogenate was inoculated via 

subcutaneous route. Ahmad et al., (1989) have reported 100 percent mortality in 

experimental chicks inoculated with liver homogenate. In another study Anjum, (1990) have 

suggested a mortality rate of 75 percent in birds inoculated with infected liver homogenate 

compared with the birds inoculated with purified liver suspension in which mortality rate was 

50 percent. So there is a contrast with the findings of present study in which 30 percent

mortality was observed with purified suspension when given orally and 25 percent mortality 

was observed when it was given subcutaneously. Naeem et al., (2001) have also described a 

mortality rate of 80 percent in subcutaneous inoculation of liver homogenate and 50 percent 

mortality rate in oral inoculation but only at 3 and 6 day of age. No mortality was observed in 

this group thereafter. In another study Abdul-Aziz and Hassan, (1995) while inoculating

infected liver homogenate intramuscularly or orally into day old broiler chicks observed 

mortality rates of 100 percent and 30 percent respectively with hydropericardium. This may 

be attributed to the young age of chicks. In the present study when liver homogenate was 

given orally only 15 percent mortality was observed during the entire period of experiment

i.e. 7 days.

The most probable reason of relatively less mortality rates observed in the present study may 

be attributed to the experimental design wherein the chicks were kept in four replicate pens

which allowed more space and proper management to chicks as well as avoiding physical 

contact between all the chicks of a particular treatment group. On the other hand in the 

previous studies the experimental chicks were kept collectively at the same place without any 

replication and there was maximum physical interaction between all the birds strengthening 
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the findings that the HPS is a contagious disease and transmission occurs horizontally by 

mechanical means or by oral-fecal route (Akhtar et al., 1992; Shafique and Shakoori, 1994; 

Abdul-Aziz and Hassan, 1995; Akhtar 1995; Roy et al.,2004).

In the earlier studies natural outbreaks of HPS has been observed in broiler chicken (Hassan,

1989; Cheema et al., 1989) of either sex (Kumar et al.,1997; Singh et al.,1997) aged three 

to six weeks (Khawaja et al., 1988a; Anjum et al.,1989; Niazi et al., 1989; Abdul-Aziz and 

Al-Attar, 1991; Gowda and Satyanarayana, 1994; Javed et al., 1994; Kumar et al., 1997) or

over five weeks of age (Ahmad et al.,1989; Muneer et al., 1989; Akhtar and Cheema, 1990;

Aliev et al., 1997) and occasionally in layer and breeders aged twenty weeks (Jaffery, 1988; 

Ahmad et al., 1989; Cheema et al., 1989; Akhtar, 1992; Javed et al., 1994; Asrani et al.,

1997; Shukla et al., 1997a, 1997b). Different mortality rates in natural and experimental 

conditions have also been observed in different localities due to HPS. During 1996 some 

workers reported the mortality rates due to HPS as ranging from 10 percent to 80 percent and

identified HPS as an emerging problem of the modern broiler farming. It has further been 

suggested that HPS emerged in most broiler flocks giving an average mortality of 15 to 60

percent (Asrani et al., 1997). Disease has also been seen in young broilers with high mortality 

rates of 60 to 70 percent in Pakistan, 10 to 30 percent in Iraq and 10 to 60 percent in India 

with typical symptoms of HPS (Abe et al., 1998). In Russia the disease has been recorded in 

chicken with mortality ranging from 3.5 percent to 30 percent in broilers and from 2.6 to

15.29 percent in layers (Borisov et al., 1997). Roy et al., (2004) have also described high

mortality rates of 97, 92.3 and 60 percent in three, four and eight week old broilers

respectively in experimental conditions in B1 synthetic line as compared to B2 synthetic line
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in which mortality rate of 23.3 and 15.7 percent was recorded in three and four week old 

broilers respectively. 

The present study also revealed that the route and type of inoculum used for experimental

infection of broilers significantly affected the incubation period of virus and onset of clinical 

disease. The subcutaneous route of infection directly affected the onset of disease in

experimental chicken. The liver homogenate when given subcutaneously showed a median

survival time of less than 2 days (40.5 hours) while the purified suspension when given 

subcutaneously showed a median survival time of a little bit more than 2 days (52.5 hours). 

These results are not in line with that of Rabbani, (1997) who observed a mean death time of

4.23 days and 3.88 days when inoculation was done via intramuscular and intraperitoneal 

routes respectively. Furthermore, in the present study it was also observed that via oral route 

the onset of clinical disease was late regardless the type of inoculum used. The liver

homogenate when given orally showed a median survival time of less than 4 days (90 hours) 

and oral inoculation of purified suspension exhibited a median survival time of more than 4

days (105 hours). These results are in close agreement with Rabbani, (1997) who observed a

mean death time of 5.66 days followed by an oral inoculation in broiler chicken. Anjum, 

(1990) has also suggested an incubation period of 2 to 5 days in experimental chicken when 

inoculated with liver homogenate and purified suspension only via subcutaneous route. 

Akhtar, (1992) has reported that the incubation period of experimentally induced HPS ranged 

from a period of 5 to 18 days depending upon the age of birds, route, type and dose of

infection. In another study the same worker described an incubation period of 9.5 to 14.5

days and the duration of disease 10 to 15 days (Akhtar, 1995). Further studies on this aspect 

of HPS have refuted the findings of Akhtar, (1995) and researchers have reported an
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incubation period of 48 to 72 hours in case of experimental infection with 7 days duration of 

disease as described by Aliev et al., (1997). These results are in close line with the findings

of present study in which the disease appeared with in 48 to 72 hours in all groups and the 

total duration of disease was up to 7 days. The results of present study are also in close 

agreement with the studies conducted by Ganesh et al., (2002a) who suggested an incubation 

period of 2 to 4 days followed by inoculation with liver homogenate or purified virus. The 

results of some other studies were also in close association with Ganesh et al., (2002a) in

which the incubation period was 2 to 5 days post inoculation (Anjum, 1990; Afzal et al.,

1991; Gowda and Satyanarayana, 1994). In another study Roy et al., (2004) further 

suggested that following experimental infection most of the birds died within 2 to 5 days. 

Clinical Signs:

As stated previously that in the present study after the successful reproduction of HPS in

experimental chicken mortality started suddenly without exhibition of any clinical signs. In 

the earlier studies it had been reported that natural outbreaks of disease were associated with

the exhibition of clinical signs (Jaffery, 1988). The disease has been observed by many in 

well growing healthy broilers at 3 to 5 weeks of age with sudden mortality of 20 to 70 

percent but no morbidity. It has been reported that the broilers remain active until just before

death without manifesting any clinical sign (Anjum et al.,1989; Muneer et al.,1989; Abdul-

Aziz and Al-Attar, 1991; Gowda and Satyanarayana, 1994; Voss et al., 1996; Asrani et al.,

1997; Kumar et al.,1997; Balamurugan and Kataria, 2004; Khan et al.,2005).

Rabbani, (1997) reported characteristic clinical signs in the infected birds which included 

depression, ruffled feathers, down head with beak resting on litter, anorexia and dyspnoea. 

Loose droppings and greenish to yellow chalky vent was also observed in some birds. In the 
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present study some birds also showed light greenish droppings at the vents before their death

but this may not be attributed as classical clinical sign. However, this greenish dropping may 

be attributed to the liver dysfunction and excessive secretion of bile to the small intestine. 

Gross and Microscopic Lesions:

The post mortem findings in the present study revealed that there were considerable

differences in the severity of gross and microscopic lesions among the birds of different 

groups inoculated with different routes and types of inoculums. The most prominent

necropsy findings in the present study were enlarged, friable and pale yellow colored liver 

with varying intensity of hepatitis and accumulation of jelly like fluid in the pericardial sac or 

hydropericardium, observed in eighty percent of the dead birds and the microscopic lesions 

observed were multiple areas of focal necrosis and large basophilic intra nuclear inclusion

bodies. This accumulation of fluid in the pericardial sac or hydropericardium had been found

to be the most prominent gross lesion by most of the workers (Anjum et al.,1989; Cheema et

al.,1989; Qureshi, 1988; 1989). Previously it has also been reported that hydropericardium

may be evident in ninety percent of the dead birds, ranging from 3-20 ml in quantity

depending upon the severity of infection (Cheema et al., 1989; Gowda and Satyanarayana, 

1994; Abdul-Aziz and Hassan, 1995: Asrani et al., 1997; Kumar et al., 1997; Nakamura et

al.,1999). The results of present study are in agreement with previous work conducted on 

hydropericardium syndrome. 

In this study a typical pattern was observed between mortality and gross lesions. When liver 

homogenate was given orally the disease onset was very late as discussed earlier with a lesser

mortality rate of 15 percent. The gross lesions observed in this case were also mild in 

intensity such as slightly swollen and friable liver with less quantity of pericardial fluid. 
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There was also focal necrosis and few basophilic intra nuclear inclusion bodies in this group. 

On the other hand when purified suspension was given orally again there was late induction 

of clinical disease but with a relatively higher mortality rate of 30 percent. The gross and 

microscopic lesions were also evident but relatively intense as compared to homogenate oral

group. 

It is evident from the above results that oral route of inoculation directly affected the 

induction of disease regardless the type of inoculum used. The onset of clinical disease was

late in case of oral inoculation showing highest median survival times. These results are also 

justified by the findings of Rabbani, (1997) who described that in per oral administration the 

primary site of viral replication is probably the gut, later there is a viraemia and the virus is

virtually present in all organs. This phenomenon has explained the reason of late onset of 

clinical disease in oral inoculation. 

Contrarily when liver homogenate was given subcutaneously the results were entirely 

different. There was early onset of clinical disease showing a lowest median survival time 

followed by highest mortality rate of 45 percent. The gross lesions were also intense in 

severity like pale yellow colored and friable liver showing hepatitis and up to 18 ml of

pericardial fluid. The histopathology revealed that there were multiple areas of focal necrosis 

accompanied by abundant large basophilic intranuclear inclusion bodies in the hepatocytes 

indicating the severity of infection. In case of purified suspension when given

subcutaneously the onset of clinical disease was slightly later but comparable with

homogenate subcutaneous route with a mortality rate of 25 percent. The gross and

microscopic lesions were also evident in such birds with a mild intensity which was slightly 

lesser but comparable with the birds orally inoculated with purified suspensions. These 
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findings are in line with the results of many workers who described the pathogenicity of 

hydropericardium syndrome in experimental and field conditions (Aliev et al.,1997; Ganesh

et al.,2002a).

Serum Enzyme Profile:

In the present study the effect of route and type of inoculum on serum enzyme profile of 

broilers experimentally infected with HPS was also evaluated. The results revealed a highly 

significant effect of different routes and types of inoculums at different hours post

inoculation on the activity of alanine aminotransferase. Among different treatment groups the

highest activity of alanine aminotransferase was observed with liver homogenate when 

inoculated subcutaneously. The severity of the induced disease was also maximum in this 

group accompanied with high mortality percentage and intense gross and microscopic lesions 

(necrosis, hepatitis and intranuclear inclusion bodies). A significantly low level of alanine

aminotransferase was observed in with oral inoculation of liver homogenate suspension 

followed by lowest mortality rates and less intense gross and microscopic lesions. The 

increase in the activity of alanine aminotransferase in homogenate subcutaneous treatment

has been attributed to the hepato-cellular damage and hepatic necrosis as described earlier by 

Zaman and Khan, (1991) and Iqbal et al., (1994). Similar observations are also described by

Shukla and Pachauri, (1995) who concluded that an increased activity of alanine

aminotransferase in cockerels is related to liver cellular damage caused by experimentally 

induced aflatoxicosis. It has further been suggested that broilers treated with high levels of

aflatoxin B1 showed an increase in levels of alanine aminotransferase due to the liver cellular 

damage (Bintvihok and Kositcharoenkul, 2007). So the results of present study are in 

conformity with the findings of above researchers.
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The activity of aspartate aminotransferase was also affected by using different types of

inoculums via different inoculation routes. Likewise alanine aminotransferase there were 

highly significant levels of aspartate aminotransferase observed in subcutaneous inoculation

of liver homogenate. Significantly lower levels of aspartate aminotransferase were observed

in oral inoculation of liver homogenates while a non significant difference was observed 

between other groups. The raised levels of aspartate aminotransferase were due to the hepato- 

cellular damage as discussed previously and severe vascular and cardiac degenerative 

changes including myocardial damage, myocardial necrosis and infracted myocardium

(Anjum et al., 1989; Gowda and Satyanarayana, 1994; Asrani et al., 1997; Kumar et al.,

1997). While conducting research on clinical pathogenesis Asrani et al., 1997 and Deepak,

1998 also reported an increase in levels of organ specific enzymes particularly alanine 

aminotransferase and aspartate aminotransferase in broilers infected with hydropericardium 

syndrome experimentally. Diaz et al., 1999 also reported that in fatty liver hemorrhagic

syndrome the liver damage and hemorrhages significantly raised the levels of aspartate 

aminotransferase and was a valuable tool for its diagnosis in layers. In another study Imaeda,

(1999) has reported the increased levels of aspartate aminotransferase in broilers due to 

sudden failure of cardiovascular system associated with sudden death syndrome. In another 

study Arab and colleagues, (2006) wrote that pulmonary hypertension and cardiac

dysfunction were the most important features of ascites syndrome in broilers causing increase 

in the release of alanine aminotransferase and aspartate aminotransferase.

The activity of creatinine phosphokinase, the most important indicator of infarcted

myocardium and other cardiovascular disturbances was also evaluated to be affected by

different routes and type of inoculums. The results revealed the same pattern as in alanine 
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aminotransferase and aspartate aminotransferase. The highly significant level was observed 

in subcutaneous inoculation of liver homogenate followed by a severe clinical disease. The 

significantly lowest levels of creatinine phosphokinase were observed in oral administration

of liver homogenate suspension and a non significant difference was observed in remaining

groups. Severe cardiac degeneration and vascular disturbance in hydropericardium syndrome 

raised the levels of creatinine phosphokinase in experimental chicken in the present study. 

Similar elevated levels of creatinine phosphokinase had also been reported by Kawada et al.,

(1994) while observing cardiac lesions in broilers which died without exhibiting clinical

signs. Some other workers had also reported the significantly raised levels of creatinine 

phosphokinase in broilers affected with hydropericardium syndrome in experimental and 

field conditions (Zaman and Khan, 1991; Iqbal et al., 1994; Asrani et al., 1997; Deepak, 

1998). 

The biological activity of lactic dehydrogenase was also affected by oral and subcutaneous

inoculation of liver homogenate and purified suspension. Likewise previous enzymes, lactic 

dehydrogenase was also significantly elevated in homogenate subcutaneous group. Among 

purified oral and purified subcutaneous treatments a non significant difference was observed

while significantly lower levels were observed in oral inoculation of liver homogenates. Any 

damage to liver, kidney or heart resulted in the excessive release of organ specific enzymes 

like aspartate aminotransferase, lactic dehydrogenase and alkaline phosphatase into the 

circulation (Benjamin, 1978). It has also been reported by Imaeda, (1999) that cardiovascular 

failure of broilers in sudden death syndrome resulted in the elevation of aspartate

aminotransferase and lactic dehydrogenase. Zaman and Khan, (1991) also suggested an

increase in lactic dehydrogenase level in hydropericardium syndrome affected broilers and
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justified by the observations of Frankle et al., (1970) who reported that the activity of lactic 

dehydrogenase reflected the myocardial and pulmonary infarcts. Nakhla et al., (1992) also

reported the elevated levels of lactic dehydrogenase and aspartate aminotransferase due to 

severe necrosis of hepatocytes in broilers fed with balanites aegyptiaca kernel saponins via 

different routes. 

The activity of alkaline phosphatase was also being affected by different routes and type of 

inoculums in the present study. A similar pattern was observed as in case of lactic

dehydrogenase and highest levels were observed in subcutaneous inoculation of liver 

homogenate followed by an intensive clinical disease. Significantly low levels were observed 

in homogenate oral group and non significant difference was seen in other treatment groups. 

Alkaline phosphatase is also an important biomarker of hepatic disease and conditions

involving infiltration of liver (Kumar and Clark, 1994). The significantly elevated levels of 

alkaline phosphatase were also reported by Zaman and Khan, (1991) and Iqbal et al., (1994)

in hydropericardium syndrome affected broilers as compared to their normal counterparts 

and reason attributed to the liver damage evident in hydropericardium syndrome. Similar 

findings had also been reported by Deepak, (1998).

In the present study the serum enzyme activity was also evaluated at different hours post 

inoculation. There was a typical pattern of enzyme levels observed at different time intervals.

At 48 hours post inoculation the levels of alanine aminotransferase, aspartate

aminotransferase, creatinine phosphokinase, lactic dehydrogenase and alkaline phosphatase 

were the lowest. A significantly high level of all enzymes except alkaline phosphatase (high 

but non significant) was observed at 72 hours post inoculation. It is worth mentioning here

that at this stage the induced disease was also at its peak and maximum mortality
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accompanied with sever damage to liver and cardiac tissues was observed, the most practical 

reason for elevated levels of enzymes at this stage. It has previously been reported by Aliev

et al., (1997) that incubation period of hydropericardium syndrome in experimental infection

ranged between 48 to 72 hours with total duration of 7 days. In another study the incubation

period varied between 2 and 4 days after inoculation of homogenate or purified virus 

(Ganesh et al., 2002a). Experiments conducted by different researchers had shown that

clinical signs or sudden deaths due to hydropericardium syndrome were observed from 2 to 5

days post inoculation (Anjum, 1990; Afzal et al., 1991; Gowda and Satyanarayana, 1994; 

Kumar et al., 1997; Khan et al., 2005). Furthermore, it has also been suggested that in

hydropericardium syndrome mortality was on the peak at third or fourth day followed by an 

almost constant death rate for 5 to 7 days and declined afterwards (Asrani et al.,1997). In the

present study it has also been observed that at 96 hours post inoculation there was a

significant decrease in the levels of all enzymes except lactic dehydrogenase which was 

significantly higher at this stage. The reason for decline in levels of enzymes is clear from 

our previous discussion that at this stage the disease was declining. However, the level of 

lactic dehydrogenase was high at this stage and it has been reported that during hepatic and 

cardiac dysfunction lactic dehydrogenase peaks in 3 to 6 days post infections and may not

return to normal until the end of 14 day (Schoen, 1994). So the findings of present studyth

regarding serum enzyme profile in broiler during hydropericardium syndrome are in close 

association with the valuable research work conducted by many workers. The results of

present study suggests that measurement of enzyme activities is a practical indication of 

hepatic and cardiac damage and is also a valuable tool in the diagnosis of hydropericardium

syndrome in broilers.
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CHAPTER 4

RESULTS

Propagation, Adaptation and Attenuation of HPS Virus in

Chicken Embryo Liver Cell Cultures

Hydropericardium syndrome (HPS) has been reported in various parts of the world, with 

particular importance in some countries of Asia and America (Shane, 1996; Abe et al.,1998)

causing potential losses to the poultry producers in broiler industry in India and Pakistan

(Gowda and Satyanarayana, 1994; Khan et al., 2005). The isolation of etiological agent for 

HPS confirmed the involvement of group I fowl adenoviruses (Mazaheri et al., 1998; Hess,

2000; Nakamura et al., 2000; Toro et al., 2001). Among 12 serotypes of group I fowl 

adenoviruses the serotype 4 is specifically the etiological agent of hydropericardium

syndrome in chickens (Naeem et al., 1995a; Dahiya et al., 2002). There have been many 

attempts in the isolation and propagation of HPS virus in primary cultures of chicken embryo

liver and kidney cell (Naeem et al., 1995a; Balamurugan et al., 2002; Dahiya et al., 2002;

Kumar et al., 2003) and continuous cell lines like quail testicle cells and vero cell lines 

(Rabbani, 1997; Roy et al.,2001).  The present study was designed to propagate the virus in

chicken embryo liver cell cultures and further attenuate the virus by serial passages and

ultimately to use this adapted and attenuated virus as candidate vaccine against

hydropericardium syndrome. 

1. Isolation and Identification of Virus: 

In this experiment the same viral inoculum was used which has previously been isolated by

centrifugation and identified by Agar Gel Precipitation Test in the Part I of Chapter 2. 
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However, the isolated and identified viral inoculum was further subjected to purification and

purified isolate was obtained i.e. MMG-1. 

2. Purification of Virus: 

The previously isolated and identified virus was purified by chloroform treatment and

velocity density gradient centrifugation. On chloroform treatment three distinct layers were 

formed, which were top clear fluid having purified HPS virus, middle layer comprising of 

liver tissue debris and bottom layer constituting chloroform. A 40% and 60% (w/v) sucrose

solutions were used in velocity density gradient centrifugation for the further purification of 

chloroform treated HPS virus. Clear band of purified HPS virus between sucrose gradients at

a density of 1.36 gm/ml was obtained by this centrifugation and reconstituted in 1ml of

physiological saline and stored at -70 C and labeled as MMG-1 Isolate of HPS Virus.o 

3. Determination of Biological Titer: 

The biological titer of MMG-1 isolate of HPS virus was determined in forty eight broiler

chickens kept in six groups. All the groups were inoculated with their respective dilutions at 

15 days of age and examined for 7 days. The mortalities of birds in all groups were examined 

with typical lesions of hydropericardium syndr ome. The results revealed that there was 

highest mortality at 10 dilution and lowest at 10 dilution. At dilution 10 , there was less-1 -6 -4

than 50% mortality while at dilution 10 the mortality rate was more than 50 percent. The -3

biological titer of MMG-1 isolate in terms of Lethal Dose was determined as LD = 10 -3.8
50 50 

(Table 4.1).
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Table 4.1: Determination of LD of the MMG-1 Isolate
50

Virus Groups No. of No. of No. of Accumulated Proportion Percent 
Dilutions Chicks Dead Live Number Dead/Live Died

Dead Live

10 A 8 8 0 27 0 27/27 100-1

10 B 8 7 1 19 1 19/20 95 -2

10 C 8 5 3 12 4 12/16 75 -3

10 D 8 4 4 7 8 7/15 46.67-4

10 E 8 2 6 3 14 3/17 17.64 -5

10 F 8 1 7 1 21 1/22 4.54 -6

Lethal Dose (LD ) was calculated by the following formula.50 50

Proportionate Distance (PD) =   % mortality next above 50% - 50
% mortality next above 50% - % mortality next below 50%

Proportionate Distance (PD) = 75 – 50     = 0.88
75 – 46.67 

LD = (PD x Log of dilution factor) + % mortality next above 50%50 

LD = (0.8 x 1) + 3 = 3.8 
50 

LD = 10 -3.8 
50 
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4. Titration of Virus:

The MMG-1 isolate of HPS virus was also titrated by Reverse Passive Hemagglutination

Test (RPHA) using the known antibody sensitized 1% human O group erythrocytes

suspension. High virus titer was found ranged from 256-512.

5. Isolation and Culture of Hepatocytes from Chicken Embryo:

The primary cultures of chicken embryo liver cells were prepared by standard protocols of in

vitro cell cultivation. The hepatocytes were isolated and cultured from 12 days old embryos.

The confluent layer of polygonal cell was observed within 48 hours of culturing as shown in 

Figure 4.1 and 4.2. The viability of cells was checked by staining with trypan blue and more

than 80% cells were found alive. After that the monolayer was washed and cells were 

detached from the surface of flask and subculturing was done by seeding the cells into new 

flasks. The cells were successfully subcultured in new flasks and retained their polygonal 

morphology. A confluent monolayer was formed within next 48 hours (Figure 4.3). The cells

were counted in hemocytometer and percentage viability was calculated. More than 80% 

cells were viable.

6. Adaptation and Attenuation of HPS Virus:

In this experiment, MMG-1 isolate of HPS viru s was adapted and further attenuated by serial

passages on chicken embryo liver cell cultures. A 0.2ml of MMG-1 isolate having RPHA 

titer ranging from 256 to 512 was used to infect the healthy, semi confluent monolayer of 

chicken embryo liver cell cultures. After first passage no cytopathic effects (CPEs) were 

observed up to 36 hours post infection (Figure 4.4). The first passage (P1) was observed

further and no CPE were observed even up to 72 hours post infection (Figure 4.5). The 

culture supernatant was gently harvested by three freeze thaw cycles and further inoculated
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on the fresh and healthy monolayer of chicken embryo liver cell culture. This was considered 

as second passage (P2). No CPE were observed in second passage up to 36 and 72 hours post 

infection (Figure 4.6 and 4.7). The culture supernatant was again harvested by freeze thaw

cycles and further passaged. In the 4 passage (P4) clear and consistent cytopathic effects th 

were observed on chicken embryo liver cell cultures after 36 hours. The CPEs were

consistent in the 4 passage even up to 72 hours post infection. In the fourth passage the th

cytopathic effects observed at 36 and 72 hours pos infection include vacoulation and 

aggregation of chicken embryo liver cells as presented in Figure 4.8 and 4.9. In this way the 

MMG-1 isolate of HPS virus was adapted on chicken embryo liver cell culture after 4 th

passage. The cytopathic effects were continued to appear with the same intensity afterwards. 

There was consistent vacoulation and aggregation of cells in 6 passage (P6) up to 36 (Figure th

4.10) and 72 (Figure 4.11) hours post infection. In 8 passage (P8) there was vacoulation and th

aggregation of cells at 36 hours post infection (Figure 4.12) and after that granulation of cells

was also observed at 72 hours post infection (Figure 4.13). In 10 passage (P10) there was th

vacoulation, aggregation and rounding of cells at 36 hours post infection as shown in Figure 

4.14 and it was continued with further rounding and granulation of cells up to 72 hours post 

passage the cytopathic effects were remained with infection as shown in Figure 4.15. At 12 th 

the same intensity and at 36 hours post infection there was aggregation and vacoulation of 

cells (Figure 4.16). After 48 hours of infection there was visible rounding of cells in this 

passage that ends up with complete granulation of cells at 72 hours post infection (Figure

4.17 and 4.18 respectively). However, the MMG-1 isolate was completely attenuated at 12 th

passage and it was further grown on more fresh monolayers to obtain large amount of 

attenuated HPS virus for vaccine production on large scale.
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Figure 4.1: Confluent Monolayer of CELC after 48 hours (100X)
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Figure 4.2: Confluent Monolayer of CELC after 48 hours (200X)
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Figure 4.3: Confluent Monolayer of CELC after 48 hours subculturing (100X) 
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Figure 4.4: First Passage (P1) No CPEs at 36 hours Post Infection (100X)
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Figure 4.5: First Passage (P1) No CPEs at 72 hours Post Infection (100X)
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Figure 4.6: Second Passage (P2) No CPEs at 36 hours Post Infection (100X) 
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Figure 4.7: Second Passage (P2) No CPEs at 72 hours Post Infection (100X) 
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Figure 4.8: Fourth Passage (P4) Vacoulation and Aggregation of Cells at 36 hours Post 
Infection (100X)
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Figure 4.9: Fourth Passage (P4) Vacoulation and Aggregation of Cells at 72 hours Post 
Infection (100X)
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Figure 4.10: Sixth Passage (P6) Vacoulation and Aggregation of Cells at 36 hours Post 
Infection (100X)
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Figure 4.11: Sixth Passage (P6) Vacoulation and Aggregation of Cells at 72 hours Post 

Infection (100X)
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Figure 4.12: Eighth Passage (P8) Vacoulation and Aggregation of Cells at 36 hours Post 

Infection (100X)
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Figure 4.13: Eighth Passage (P8) Granulation of Cells at 72 hours Post Infection (100X) 



 

 

111

Figure 4.14: Tenth Passage (P10) Rounding, Vacoulation and Aggregation of Cells at 36 

hours Post Infection (100X)
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Figure 4.15: Tenth Passage (P10) Rounding and Granulation of Cells at 72 hours Post 

Infection (100X)
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Figure 4.16: Twelfth Passage (P12) Vacoulation and Aggregation of Cells at 36 hours Post

Infection (100X)
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Figure 4.17: Twelfth Passage (P12) Rounding and Aggregation of Cells at 48 hours Post 

Infection (100X)
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Figure 4.18: Twelfth Passage (P12) Complete Granulation of Cells at 72 hours Post Infection 

(100X)
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7. Identification and Confirmation of Virus:

The chicken embryo liver cell culture adapted and attenuated HPS virus was identified on the 

basis of appearance of characteristic CPEs in cell cultures which were vacoulation,

aggregation, rounding and granulation of cells. The virus was further confirmed by

subjecting the culture supernatant from each passage to agar gel precipitation test (AGPT) by

using the known hyper immune serum. There were clear cut lines of precipitations between 

the known hyper immune serum and culture supernatant from each passage which confirmed 

that the virus in culture supernatant of each passage was HPS virus.

8. Pathogenicity Testing of Virus: 

The chicken embryo liver cell culture adapted and attenuated HPS virus was tested for its 

pathogenicity in broiler chicken. It was observed that in vitro infectivity of HPS virus 

increased in chicken embryo liver cell cultures after 4 passage when it was adapted toth

chicken embryo liver cell cultures. There were consistent CPEs which appeared and

remained up to 72 hours post infection at 4 passage till 12 passage. However, the th th

pathogenicity of serially passaged HPS virus on chicken embryo liver cells reduced

considerably in broiler chicken. The 12 passage virus was completely attenuated exhibitingth

no pathogenicity in broiler chickens up to 7 days post inoculation. The results of this 

experiment revealed that in group 1 which was inoculated with MMG-1 isolate of HPS virus

there were severe gross lesions observed in each bird and histopathology revealed that there

were multiple areas of focal necrosis and abundant intra nuclear inclusion bodies in

hepatocytes (Figure 4.19). The gross and microscopic lesions of almost same intensity were 

observed in group 2 which was inoculated with passage 2.
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It was further observed that the intensity of gross and microscopic lesions gradually

decreased in group 3, 4, 5 and 6 inoculated with passage 4, 6, 8 and 10 respectively and there 

were moderate to few microscopic lesions in these groups. The microscopic lesions observed 

in group 3 (passage 4) and 5 (passage 8) are shown in Figure 4.20 and 4.21 respectively. The 

group 7 which was inoculated with passage 12 virus (completely attenuated virus) exhibited

no gross and microscopic lesions up to 7 days post inoculation and was comparable with

group 8 which was inoculated with PBS and served as control in this experiment and are 

presented in Figure 4.22 and 4.23 respectively. 

Table 4.2 shows the gross and microscopic lesion scores (hydropericardium and hepatitis and

presence of intra nuclear inclusion bodies in hepatocytes).

9. Titration of Attenuated HPS Virus:

The chicken embryo liver cell culture adapted and attenuated HPS virus was titrated by mean 

of tissue culture infective dose (TCID ). The TCID of chicken embryo liver cell culture 50 50 50

adapted and attenuated HPS virus was found to be 7.45 log10 TCID /0.1 ml. The chicken
50

embryo liver cell culture adapted and attenuated HPS virus at this titer was further used for

the production of live attenuated and killed vaccines.
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Table 4.2: Pathogenicity testing of CELC adapted and attenuated virus in broilers 

Groups Passage Gross Lesions  Microscopic Lesions

Numbers  Hydropericardium Hepatitis Focal INIBs

Necrosis

G 1  MMG-1 5/5  5/5  3 +  3 +

G 2  P2 5/5  4/5  3 +  3 +

G 3  P4 5/5  4/5  2 +  2 +

G 4  P6 4/5  3/5  1 +  2 +

G 5  P8 2/5  3/5  1 +  1 +

G 6  P10 1/5  0/5  1 +  1 +

G 7  P12 0/5 0/5 0 0

G 8  Control 0/5 0/5 0 0

0   No Lesions
1 +   Few Lesions
2 +   Moderate Lesions
3 +   Abundant Lesions
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Figure 4.19: Abundant  Intra nuclear inclusion bodies and focal necrosis in group 1 

(MMG-1)
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Figure 4.20: Abundant  Intra nuclear inclusion bodies and focal necrosis in group 3 

(Passage 4)
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Figure 4.21: Moderate Intra nuclear inclusion bodies and focal necrosis in group 5

(Passage 8)
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Figure 4.22: No microscopic lesions in group 7

(Passage 12)
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Figure 4.23: No microscopic lesions in group 8

(Control)
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DISCUSSION 

Propagation, Adaptation and Attenuation of HPS Virus in

Chicken Embryo Liver Cell Cultures

Isolation, Identification and Purification of Virus:

In the present study the previously isolated and identified HPS virus was further purified by 

chloroform treatment and velocity density gradient centrifugation. On chloroform treatment

there were three distinct layers in the test tube. The liver tissue debris remained in the centre 

of the test tube while the chloroform settled down in the bottom of the test tube. The top most 

layer was very clear containing purified HPS virus. During earlier days while describing the 

physicochemical properties of avian adenoviruses, Lennette and Schmidt, (1979) have

suggested that almost all adenoviruses are not affected by treatment with ether or chloroform 

and can also be lyophilized without any appreciable loss of infectivity. After initial outbreaks

of hydropericardium syndrome in Pakistan a lot of research was conducted on various 

aspects of disease and during those early days it has been suggested by Afzal and colleagues, 

(1990) that the causative agent of HPS is unable to withstand the ether or chloroform 

treatment. They have suggested that ether or chloroform treatment of the infectious liver 

homogenate significantly reduced (50%) the number of birds in which the disease could be 

reproduced. However, this phenomenon was not further supported by most of the workers as 

chloroform treatment is being extensively used for the purification of most of the avian

viruses (Reddy et al., 1997; Anjum et al., 1997). Furthermore the same treatment with few 

modifications has also been used by Izhar et al., 1997 while obtaining the purified HPS virus

for polypeptide and nucleic acid identification. They have subjected the previously
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centrifuged liver homogenate supernatant to chloroform treatment at a ratio of 1:2 and 

centrifuged at 1200 x g for 5 minutes to remove the tissue debris. Similar test procedure and

findings have also been reported by Manzoor and Hussain, (2003) while making attempts to

purify HPS virus. In another study Hussain et al., (2003) have also adopted the same

procedure and used chloroform at a ratio of 1:1 followed by centrifugation at 5000 rpm for 

20 minutes. No harmful effects on the pathogenicity and virulence of HPS virus were 

observed by these workers. In the present study the previously centrifuged liver homogenate 

was subjected to chloroform treatment at a ratio of 1:1 followed by centrifugation at 1500 x g

for 20 minutes. However, such modifications in the test procedure did not pose any harmful

effect on the infectivity and virulence of HPS virus. The results of the present study are in

agreement with the findings of above mentioned workers and negate the views of Afzal et

al.,(1990) as there was no detrimental effect observed on HPS virus subjected to chloroform 

treatment. 

In the present study the chloroform treated HPS virus was subjected to further purification by 

velocity density gradient centrifugation. After centrifugation a clear virus band at a density of 

1.36 gm/ml was observed at the interface of 40% and 60% sucrose gradients. The purified

virus was reconstituted in normal saline as designated as MMG-1 isolate of HPS virus. The 

procedure used in the present study was previously adopted by Izhar et al., (1997) during the 

polypeptide mapping of HPS virus, but somewhat modified. Instead of 20% and 30% sucrose 

gradients as used previously, 40% and 60% sucrose solutions were used followed by

centrifugation at 130,000 x g for 3.5 hours at 4 C. However, the modification in the o

procedure did not alter the results in the present study. In another study Rabbani, (1997) has

also purified the HPS virus by ultracentrifugation and used 25% and 35% sucrose gradients 
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followed by centrifugation at 90,000 x g for 2.5 hours at 4 C and isolated a clear band of o

purified virus at interface of sucrose layers having density of 1.35 gm/ml. Similar test 

procedure has also been followed by Rasool and Hussain, (2006) while conducting

experiments on local isolate of very virulent infectious bursal disease virus. The results 

revealed a clear band of purified virus having density of 1.32 gm/ml at the interface of 40%

and 60% sucrose gradients followed by a centrifugation of 130,000 x g for 3.5 hours. So the 

results of the present study are in close agreement with those described by Rabbani, (1997)

and Rasool and Hussain, (2006). Keeping in view the findings of present study and its

association with previous researches it is also suggested that velocity density gradient 

centrifugation with varying concentrations of sucrose gradients at different centrifugation 

rates in an excellent technique for the purification of HPS virus as purified virus is a basic 

need of research at molecular level as well as in vitro cultivation of viruses.

Titration of MMG-1 Isolate of HPS Virus: 

The biological titer of MMG-1 isolate of HPS virus in terms of Lethal Dose (LD ) was
50 50

also determined in broilers in the present study by following the method described by Reed 

and Muench, (1938). The results revealed that biological titer of MMG-1 isolate of HPS virus 

was 10 LD /ml. These findings are in line with those described by Chishti et al., (1989)3.8 
50 

and Naeem et al., (1995b). Moreover, the MMG-1 isolate of HPS virus was also titrated by

reverse passive haemagglutination test (RPHA) as described by Rajeswer and Dorairajan, 

(1999). The results revealed that 1% final antibody sensitized human O erythrocyte

suspension gave best and reproducible results within 15 minutes at room temperature.

Agglutination of antibody sensitized erythrocytes was taken as positive while button

formation was considered as negative. High virus titer was found ranging from 256-512 in
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the present study. Similar findings have also been reported by Manzoor and Hussain, (2003) 

who performed a reverse passive haemagglutination test for the detection of HPS virus using 

1% suspension of sheep erythrocytes. 

Isolation and Culture of Hepatocytes from Chicken Embryos:

In the present study the primary cultures of chicken embryo liver cells were prepared by

standard protocols of in vitro cultivation of cells. The chicken embryo liver cells were 

isolated and cultured from 12 days old embryos. It has been described earlier that 10-14 days 

old embryos were excellent for the isolation and in vitro cultivation of hepatocytes 

(Freshney, 1994). In the present study the medium M199 with Earl’s salts supplemented with 

10% heat inactivated fetal calf serum containing 100ug of streptomycin and 0.2ug of

amphotericin B performed excellent as growth medium. The same medium was used as

maintenance medium except from fetal calf serum of which concentration was reduced to

5%. Most of the workers have also suggested that minimal essential medium (MEM) and 

medium M199 supplemented with 2-10% fetal calf serum performed best for the isolation 

and culture of chicken embryo liver cells (Lennette and Schmidt, 1979; Shultz and Mistry, 

1981; Freshney, 1994; Wu and Vesonder, 1997). The results of the present study revealed 

that confluent monolayer of chicken embryo liver cells with their indistinct morphology were 

formed within 48 hours of culturing. These findings are in close line with those observed by 

many workers (Naeem et al., 1995b; Kataria et al., 1995, 1996, 1997b; Oberoi et al., 1996;

Jadhao et al., 1997; Balamurugan, 1999; Balamurugan et al., 2001, 2002; Kumar et al.,

2003). In another study Rabbani, (1997) has reported that uninfected chicken embryo liver

cells formed large irregular shaped islands of epithelial cells with few fibroblasts like 

elongations in the spaces between them. These eventually joined together as they grew out to 



128

form a well defined, uniform monolayer. Within this monolayer boundaries of individual 

cells were indistinct and the content appeared faintly granular. The most probable reason for 

such findings may be attributed to the relatively old age embryos used as it has been

described earlier that liver tissue of old embryos contain more differentiated fibroblasts, thus 

making the parenchyma cells isolated less homogenous (Shultz and Mistry, 1981).

Adaptation and Attenuation of HPS virus: 

In the present study the MMG-1 isolate of HPS virus was successfully adapted and further

attenuated by serial passages in chicken embryo liver cell cultures. It has earlier been 

described that nearly all adenoviruses grow well in various cell culture systems (Lennette and 

Schmidt, 1979). It has further been suggested that adenoviruses of chicken origin replicate

better in homologous than in heterologous cell culture systems (Aghakhan and Pattison, 

1974; McFerran, 1980). However, in the subsequent studies researchers failed to cultivate

HPS virus in QT35 and vero cell lines as no cytopathic effects were observed (Afzal et al.,

1990). It has further been reported that HPS virus did not cause any significant cytopathic 

effect in chicken embryo fibroblast, organ culture, quail testicle cells and vero cell lines 

(Rabbani, 1997).

However, there have been many attempts in the isolation and propagation of HPS virus in 

primary cultures of chicken embryo liver and kidney cell (Khawaja et al.,1988a; Afzal et al.,

1990; Naeem et al., 1995a; Shane, 1996; Kataria et al., 1995, 1996, 1997a; Oberoi et al.,

1996; Jadhao et al., 1997; Dahiya et al.,2002; Kumar et al., 2003). The primary objective of 

present study was to develop and test a cell culture system in which HPS virus can be 

adapted and propagated efficiently and ultimately to use this propagated or attenuated virus 

as a candidate vaccine against hydropericardium syndrome in broilers. Keeping in view the 
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previous research and primary objective of the present study the attempts were made to 

propagate MMG-1 isolate of HPS virus in primary cultures of chicken embryo liver cells.

The results revealed that after first passage no specific cytopathic effects were observed up to 

72 hours post inoculation. The culture supernatant was harvested by three freeze-thaw cycles 

and further inoculated on the fresh and healthy monolayer and considered as second passage. 

Although at this stage there were some changes in the cultured liver cells but may not be 

designated as specific and clear cytopathic effects. The virus was further passaged and at 

fourth passage clear and consistent cytopathic effects were observed on chicken embryo liver 

cell cultures after 36 hours of inoculation and remained consistent up to 72 hours post 

infection. The cytopathic effects include vacoulation and aggregation of chicken embryo 

liver cells. The cytopathic effects were continued to appear with same intensity afterwards. 

These findings showed that MMG-1 isolate of HPS virus was adapted to grow on chicken

embryo liver cells after fourth passage. 

The most consistent cytopathic effects which appeared passage after passage included 

vacoulation, aggregation, rounding, degeneration, detachment form surface, synctia

formation and ultimately ended up with complete granulation of cells. There was also some 

decrease in the pH of medium which may be designated as characteristic cellular change. The 

earlier studies conducted after the isolation of very first adenovirus have also suggested 

similar findings and revealed that cell cultures infected with adenoviruses undergo

characteristic cellular changes which include increased acidity in the medium (Rowe et al.,

1955), rounding and clumping of cells (Hilleman and Werner, 1954; Rowe et al., 1955) and 

detachment of cells from the surface (Rowe et al., 1955; Valentine and Pereira, 1965;

Norrby, 1971). Subsequent studies on the isolation of HPS virus in chicken embryo liver cell 
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cultures also supported the findings of the present study as characteristic cytopathic effects 

observed in chicken embryo liver cell cultures include degeneration, detachment from 

surface, rounding, vacoulation, aggregation and large number of rounded cells in grape like

clusters present in the medium (Khawaja et al., 1988a; Afzal et al., 1990; Naeem et al.,

1995a; Shane, 1996; Kataria et al., 1995, 1996, 1997a; Oberoi et al., 1996; Jadhao et al.,

1997; Rabbani, 1997; Balamurugan, 1999; Balamurugan et al., 2001, 2002; Kumar et al.,

2003). 

As far as the adaptation of HPS virus on chicken embryo liver cell cultures is concerned, the

results of the present study are in close agreement with the findings of Dahiya et al., (2002)

who evaluated the association of fowl adenovirus 4 with the outbreaks of infectious

hydropericardium in India and isolated the virus in chicken embryo liver cell cultures. While 

describing their results Dahiya et al., (2002) wrote that the isolated virus produced cytopathic 

effects of rounding, clumping and detachment of the cells of the infected cell cultures at 

fourth passage. However, there are many conflicting reports regarding the adaptation of fowl

adenoviruses in the primary cultures of chicken embryo liver and kidney cells. Christensen 

and Saifuddin, (1989) has reported the isolation of fowl adenovirus causing inclusion body 

hepatitis in broilers in chicken embryo kidney cell cultures with characteristic cytopathic 

effects at second or third passage level. Similar findings have also been described by 

Pilkington et al., (1997) who isolated the same virus in chicken embryo liver cell cultures at 

second passage. However, it has also been reported by many workers that to isolate fowl 

adenoviruses from tissue samples several blind passages were required before a cytopathic 

effect was observed (Green et al.,1976; Cook, 1983; Saifuddin and Wilks, 1990).
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In another study Toro et al., (1999) have reported that two isolates of avian adenovirus 

induced cytopathic effects in primary cultures of chicken embryo liver and kidney cells as 

soon as after the first passage and another third isolate induced similar cytopathic effects 

after fifth passage in the same cell cultures. Further it has also been reported by Kumar et al.,

(2003) that during the isolation of hydropericardium syndrome virus in chicken embryo liver 

cell cultures the cytopathic effects were visible at 36 hours post inoculation in first passage 

and at fourth passage level infectivity titer was 5.24 log10 TCID /ml. In the present study50

slight changes were observed in second passage and adaptation of virus was observed at

fourth passage level. The reasons for such differences in the findings of above discussed 

workers are obscure and more work is needed to determine the exact cause.

Identification and Confirmation of HPS Virus:

As discussed previously in this chapter that after fourth passage MMG-1 isolate of HPS virus

was adapted to grow on chicken embryo liver cells and consistent cytopathic effects appeared 

with same intensity. After adaptation the virulence of HPS virus decreased after each passage 

but its infectivity to chicken embryo liver cells increased passage after passage. The culture 

supernatant was harvested after 72 hours in each passage, the growth medium was removed 

and virus was harvested by three freeze-thaw cycles in each passage. It was divided into two 

aliquots, one for confirmation through agar gel precipitation test and other for re infection of

fresh monolayer. The clear cut lines of precipitations between known hyper immune serum

and culture supernatant of each passage confirmed that the virus in culture supernatants of 

each passage was HPS virus. Similar results have been reported by Dahiya et al., (2002)

while making attempts to isolate avian adenovirus 4 from the natural outbreaks of infectious 

hydropericardium. These findings are also in agreement with the observations of Kumar et
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al.,(2003) who standardized various serological tests including agar gel precipitation test to 

confirm the isolation of etiological agent of HPS virus in chicken embryo liver cell cultures. 

Pathogenicity Testing of Virus:

In the present study the chicken embryo liver cell culture adapted and attenuated HPS virus 

was also tested for its pathogenicity in healthy and non immunized broiler chicken. A 0.5ml

of MMG-1 isolate of HPS virus and passage 2, 4, 6, 8, 10 and 12 viruses were

subcutaneously inoculated to healthy broilers which were not previously vaccinated against 

hydropericardium syndrome at 21 day of age along with a negative control group. Thest

results revealed that in vitro infectivity of HPS virus increased gradually in chicken embryo

live cell cultures after its adaptation as clear and consistent cytopathic effects appeared in 

different passages. On the other hand the virulence and pathogenicity of serially passaged 

HPS virus decreased gradually in broiler chicken. The passage 2, 4, 6, 8 and 10 viruses when 

inoculated to healthy broilers induced typical disease and varying intensity of gross lesions

including hydropericardium and hepatitis were observed and were comparable to those

inoculated with MMG-1 isolate of HPS virus. It was also observed that intensity of gross 

lesions was decreased passage after passage. The same trend was also observed in

microscopic lesions such as focal necrosis and presence of intranuclear inclusion bodies in 

the hepatocytes. The passage 12 virus was completely attenuated as there were no gross and 

microscopic lesions observed in all test birds and results were comparable with control group 

inoculated with phosphate buffer saline. Such type of pathogenicity testing and gross and

microscopic lesion scoring was done for the first time in the present study regarding

hydropericardium syndrome keeping in view the fact that hydropericardium, hepatitis, focal 

necrosis and presence of intranuclear inclusion bodies in hepatocytes has already been 
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described as most common gross and microscopic lesions of the disease by most of the

workers (Anjum et al., 1989; Cheema et al., 1989; Afzal et al., 1990; Gowda and 

Satyanarayana, 1994; Abdul-Aziz and Hassan, 1995; Asrani et al., 1997; Kumar et al.,1997;

Nakamura et al., 1999; Balamurugan and Kataria, 2004; Khan et al., 2005).

While describing the interaction between virulent fowl adenovirus 4 (causative agent of 

hydropericardium syndrome in broilers) Schonewille et al., (2008) wrote that following 

infection with virulent virus a decrease of CD3+, CD4+ and CD8+ cells was noticed in the 

spleen accompanied by a decrease of CD4+ and CD8+ T lymphocytes in the thymus. 

Moreover, in bursa of fabricius a severe depletion of lymphocytes was observed by

immunohistochemistry in birds infected with the virulent virus. On the other hand those birds

infected with the attenuated fowl adenovirus 4 in first instance and challenged with the

virulent virus did not show these pathological effects in the thymus. They have concluded 

that an infection with fowl adenovirus 4 has profound effects on cells of the humoral and cell 

mediated immune responses and the effects are much more severe in the birds infected with 

the virulent virus only indicating that the preceding infection with the attenuated virus 

reduces significantly the adverse effects induced by the virulent virus.

Similar results have also been previously reported by Sharma, (1994) while determining the 

response of specific pathogen free turkeys to a serially passaged type II avian adenovirus 

vaccine. Sharma, 1994 while describing his results wrote that serial passages of hemorrhagic 

enteritis virus (type II avian adenovirus) in MDTC-RP17 cells resulted in attenuation of virus

for turkeys as a virulent hemorrhagic enteritis virus caused intestinal hemorrhages and 

splenomegaly in turkeys whereas no lesions were observed in turkeys exposed to 30 times 

passaged hemorrhagic enteritis virus. Moreover, Sharma, (1994) has also suggested that this 
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virus was derived from virulent hemorrhagic enteritis virus by serial passages and unlike its 

virulent parent it did not cause acute clinical disease in turkeys but retained its ability to 

replicate in vivoand induced a protective immune response detectable by virus neutralization 

test. So the results of the present study are in close agreement with Sharma, (1994) as the 

passage 12 attenuated HPS virus was also derived from virulent MMG-1 isolate by serial

passages in chicken embryo liver cell cultures and it was no more pathogenic for broilers as 

compared to its parent virulent isolate. Apart from this the results of the present study are 

also in close association with many reports regarding the in vitro propagation and attenuation 

and in vivo pathogenicity and immunogenicity of hemorrhagic enteritis virus and marble 

spleen disease virus both of which are important members of type II avian adenoviruses of

aviadenovirus genus (Nazerian and Fadly, 1982; Fadly and Nazerian, 1984; Fadly et al.,

1985; Van den Hurk, 1990; Barbour et al., 1993). A lot of work has also been done with

various economically important avian viruses to develop safe and secure live attenuated 

vaccines. Rasool and Hussain, (2006) have also reported in Pakistan that pathogenicity of 

local very virulent bursal disease virus gradually decreased after serial passages in vero cell 

lines and passage 9 virus showed characteristic cytopathic effects in vero cells but found non 

pathogenic and immunogenic for healthy broilers. Similar findings have also been elaborated 

by Hassan et al., (1996) and Shakya et al., (1999).

According to the best of my knowledge that the adaptation and attenuation of HPS virus 

(type I avian adenovirus) in chicken embryo liver cell cultures has previously not been 

reported by any worker in Pakistan and the findings of the present study will open a new 

door of research on hydropericardium syndrome in the country.
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Titration of Attenuated HPS Virus: 

The chicken embryo liver cell culture adapted and attenuated HPS virus was titrated by mean 

of tissue culture infective dose (TCID ) and results revealed a higher titer of HPS virus 50 50 

(7.45 log10 TCID /0.1ml). These findings are in close association with Rabbani, (1997) who 
50

determined the median tissue culture infective dose (TCID ) of chicken embryo liver cell
50

culture adapted HPS virus as 10 TCID /0.1ml and used this virus for the production of a4.5 
50 

killed heterotypic vaccine. In another study Kataria et al., (1997b) have also propagated the

HPS virus on chicken embryo liver cell cultures for the purpose of a killed vaccine

production and they found a high titer of 10 TCID /0.1ml.5.5 
50
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CHAPTER 5

RESULTS

Production of Different Vaccines

Hydropericardium syndrome (HPS) is an important and recently emerged disease of modern 

poultry and characterized by sudden onset and high mortality in affected flocks

(Balamurugan and Kataria, 2004). Various types of inactivated liver homogenate vaccines

have been produced by using different concentrations of formalin (Hussain et al., 1999, Zia 

et al., 2001; Ahmad and Hassan, 2004) and other chemicals like beta propiolactone (Ahmad

et al., 1990; Akhtar et al., 2000). In the present study chicken embryo liver cell culture 

adapted killed and live attenuated vaccines were prepared and results revealed that prepared 

vaccines were non pathogenic and highly sterile and free form any bacterial and fungal 

contamination. 

1. Cell Culture Adapted Killed and Live Attenuated Vaccines:

The live cell culture adapted HPS virus i.e. passage 4 was completely inactivated by binnary 

ethyleneimine (BEI) and the inactivated virus was checked for its inactivation by giving two 

serial passages of inactivated virus on fresh and healthy monolayer of chicken embryo liver 

cells. There was neither any change in CELC monolayer nor any cytopathic effects (CPEs)

up to 6-days post inoculation. These findings suggested that the virus was completely 

inactivated with the respective chemical agent and would be safely used as killed vaccine

(Figure 5.1) against hydropericardium syndrome. The cell culture adapted killed vaccine was

labeled as CCA-BEI. The culture supernatant of attenuated HPS virus i.e. passage 12 was

harvested by three freeze-thaw cycles, centrifuged, filtered, purified by velocity density 
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gradient centrifugation, labeled as CCA-LA and was tested for its efficacy as live attenuated 

vaccines (Figure 5.1). 

Sterility Test: 

The cell culture adapted killed vaccine was also checked for its sterility by inoculating on 

different microbiological media. There was no turbidity on broth and no growth observed on

agar plates. There were no colonies appeared on Nutrient agar, MacConkey’s agar, Blood 

agar and Thioglycolate agar up to 3-days post streaking. The mycoplasma broth was also

found free from any type of mycoplasma growth up to 10 days post inoculation. Sabaurad’s

agar was also found free from any type of fungal growth up to 3-days post inoculation. These

finding suggested that the prepared vaccine was highly sterile and free from any type of

bacterial and fungal contamination. 

CCA-BEI and CCA-LA vaccines were stored at 4 C till further use.o

Figure 5.1: CCA-LA and CCA-BEI Vaccines
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DISCUSSION 

Production of Different Vaccines

Cell Culture Adapted Killed and Live Attenuated Vaccines:

In the present study two types of vaccines were prepared by following the standard protocols 

of vaccine production (European Pharmacopoeia, 1985). The cell culture adapted killed

vaccine (CCA-BEI) was prepared by inactivating the adapted virus with binary

ethyleneimine. The test conducted for its inactivation revealed that the virus present in the 

vaccine was completely attenuated as no cytopathic effects appeared on chicken embryo liver

cell cultures inoculated with inactivated virus. Ahmad et al., (1990) have previously used the

same chemical for the inactivation of liver homogenate virus and concluded that binary

ethyleneimine performed better instead of a lower concentration of formalin. Similarly

Akhtar et al., (2000) have also reported the significance of binary ethyleneimine in the

inactivation of HPS virus for vaccine production. The findings of the present study also

strengthened the views of previous researchers that binary ethyleneimine or other related 

chemical agents provides desirable results as compared to formalin. The CCA-BEI was also 

tested for its sterility by inoculating on different bacteriological media. The results revealed 

that the killed vaccine was completely sterile as there was no growth of bacteria,

mycoplasma and fungus on selective media used up to 10 days post inoculation. Similar 

observations have also been reported by some workers in the past (Afzal and Ahmad, 1990; 

Rabbani, 1997). 

The chicken embryo liver cell culture adapted and attenuated HPS virus was used as live 

attenuated vaccine in the present study. As discussed previously that passage 12 virus was 
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highly infective for cell cultures but non pathogenic for broilers so it was a good candidate to

be checked as a live attenuated chicken embryo liver cell culture adapted vaccine against 

hydropericardium syndrome in broilers. It is worth mentioning here that such type of cell 

culture derived live attenuated virus was being tested for its efficacy against

hydropericardium syndrome as live attenuated vaccine for the first time. Previously such 

types of vaccines were being used for active immunization of poultry against common

members of type II avian adenoviruses as discussed in previous chapter (Van den Hurk, 

1990; Barbour et al.,1993; Sharma, 1994). 
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CHAPTER 6

RESULTS

Evaluation of Vaccines in Experimental and Field Trials

Hydropericardium syndrome is a recently emerged immunosuppressive disease of 3-6 week 

old broilers, characterized by sudden onset, high mortality, typical hydropericardium and 

swollen and friable livers with large basophilic intranuclear inclusion bodies in hepatocytes 

(Balamurugan and Kataria, 2006). In order to control HPS there is an extensive use of liver

homogenates in which the virus is inactivated by certain chemical substances like formalin

(Afzal and Ahmad, 1990; Anjum, 1990; Kumar et al., 1997; Hussain et al.,1999; Roy et al.,

1999). These so called vaccines are only the parameter for immunizing the birds from 

hydropericardium syndrome and immune response provoked by these vaccines is not always 

consistent or predictable (Khan et al., 2005). The present study was aimed to evaluate the

comparative efficacies of chicken embryo liver cell culture adapted killed and live attenuated 

vaccines and commercially available formalin inactivated liver homogenate vaccine against 

hydropericardium syndrome in broilers and this is very first report of such kind of live 

attenuated vaccine produced from local virulent isolate of HPS virus.

I. Experimental Trials:

A. Experimental Design:

In this experiment total of 100 one day old broiler chicks (Hubbard x Hubbard) were reared 

under standard husbandry practices for 14 days of age. During this period the health of all the 

chicks was excellent and their feed and water intake was also normal and no mortality was

observed in the flock. At 15 day of age individual chicks were weighed and initial body th

weight and range was found similar among all birds. A total of 400 chicks were randomly 
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assigned to 20 floor pens (20 chicks per pen) and experiment was done in completely 

randomized design (CRD). After shifting each pen was subjected to particular vaccination

according to the schedule and efficacy of each vaccine was observed.

B. Pathogenicity of Vaccines: 

a. Gross and Microscopic Lesions:

At 5, 10, 15 and 20 days post vaccination 10 birds from each group (2 birds from each 

replicate) were randomly selected and gross lesions were observed. The post mortem 

examination of sacrificed birds revealed that there was no appearance of any gross lesions 

like hydropericardium and hepatitis in each group. It was evident from these results that all 

the vaccines used in this experiment were safe to use without having any risk of

pathogenicity.

The liver samples were also subjected to histopathology and the results revealed that there 

was no appearance of large basophilic intra nuclear inclusion bodies in the hepatocytes 

indicating that vaccines were safe and non pathogenic.

C. Immunogenicity of Vaccines:

In this experiment 10 birds from each group (2 birds from each replicate) were randomly 

selected and blood samples were aseptically collected from wing vein. Serum was separated 

and heat inactivated and humoral immune response was calculated by using indirect

hemagglutination test and virus neutralization test.

a. Indirect Hemagglutination Test:

The geometric mean titers (GMTs) before vaccination (15 day of age) were 1.920, 1.680,th

1.680 and 1.680 in group A, B, C and D respectively (Table 6.1).

At 5 days post vaccination (20 day of age) the antibody titers raised rapidly. The th 

significantly high (P<0.05) GMT of 66.34 was observed in group A which was vaccinated 

with cell culture adapted live attenuated vaccine (CCA-LA). The GMTs also raised in group 
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B and C vaccinated with cell culture adapted killed vaccine (CCA_BEI) and liver

homogenate vaccine (LHV) respectively while remained constant in group D which was

unvaccinated control. The GMTs in group B, C and D were 22.06, 8.92 and 1.92 respectively 

(Table 6.2).

At 10 days post vaccination (25 day of age) again there was significantly higher levelth 

(P<0.05) of GMT (154.62) observed in group A vaccinated with CCA-LA. At this stage the 

GMTs observed in group B, C and D were 66.26, 48.50 and 2.20 respectively as shown in 

Table 6.3. 

At 15 days post vaccination (30 day of age) significantly higher level (P<0.05) of GMT was th 

observed in group A (301.20) followed by 119.50, 99.10 and 1.68 in group B, C and D

respectively and presented in Table 6.4. 

At 20 days post vaccination (35 day of age) there was significantly higher level of GMT in th

group A (415.68) vaccinated with live attenuated vaccine (CCA-LA). At this stage the GMT

in group B vaccinated with cell culture adapted killed vaccine (CCA-BEI) was significantly 

high (244.24) (P<0.05) as compared to group C (77.18) and group D (1.08) respectively. The 

GMTs at 20 days post vaccination (Table 6.5). 

It was also observed that in group A the GMT raised rapidly with the passage of time and 

highest GMTs were observed at 20 days post vaccination. The GMT level in group A at 5, 

10, 15 and 20 days post vaccination is shown in Figure 6.1. In group B vaccinated with cell 

culture adapted killed vaccine (CCA-BEI) similar trend was also observed and maximum

level was observed at 20 days post vaccination. Figure 6.2 shows the GMT level in group B

at 5, 10, 15 and 20 days post vaccination. On the other hand in group C the GMT raised at 5, 

10 and 15 days post vaccination while their was a sudden drop in the level of GMT at 20 

days post vaccination (Figure 6.3). In group D the GMT remained constant with the passage 
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of time as shown in Figure 6.4. The GMT in group A, B, C and D at 5, 10, 15 and 20 days 

post vaccination are shown in Figure 6.5.

Data was subjected to regression analysis in order to evaluate the effect of time on geometric

mean titers. The GMT increased linearly (P<0.001; R Sq = 0.98) in group A vaccinated with

cell culture adapted live attenuated vaccine (Figure 6.6). In group B vaccinated with cell 

culture adapted killed vaccine (CCA-BEI) the linear effect was significant (P<0.01; R Sq =

0.90) but subjecting data to quadratic regression improved R Sq value (P<0.008; R Sq =

0.99) showing later as best fit model (Figure 6.7). In group C vaccinated with liver

homogenate vaccine (LHV) a significant quadratic effect (P<0.03; R Sq = 0.82) was also

observed (Figure 6.8). 
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IHA ANTIBODY TITER

Replicates   Groups 

A B C D

1 1.4 2.8  0  2.8 

2 2.0 2.8 2.8  0 

3 1.4 0 1.4 2.8 

4 2.8 1.4 2.8 2.8 

5 2.0 1.4 1.4  0 

Mean GMT  1.920 1.680 1.680 1.680NS NS NS NS 

SEM +0.52    +0.52 +0.52 +0.68

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

NS = Non Sign ificant

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.1: IHA antibody titers before vaccination (15 day of age)th
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IHA ANTIBODY TITER

Replicates   Groups 

A B C D

1 89.1 11.3 15.8  2.8 

2 63.5 22.5  5.6  4.0 

3 45.0 15.8  4.0  1.4 

4 45.0 15.8  8.0  1.4 

5 89.1 45.0 11.2  0 

Mean GMT  66.34 22.06 8.92 1.92a b b c

SEM +9.8 +6.0 +2.1 +0.6

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.2: IHA antibody titers at 5 days post vaccination (20 day of age)th
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IHA ANTIBODY TITER

Replicates   Groups 

A B C D

1 253 45.0 31.7  2.0 

2 89.1 89.1 89.1  2.8 

3 179 45.0 31.7  2.0 

4 126 63.1 45.0  2.8 

5 126 89.1 45.0  1.4 

Mean GMT  154.62 66.26 48.50 2.20a b b c

SEM +28.4 +9.8 +10.5 +0.2

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.3: IHA antibody titers at 10 days post vaccination (25 day of age)th
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IHA ANTIBODY TITER

Replicates   Groups 

A B C D

1 358 126 89.1  0 

2 253 128.2 89.1  1.4 

3 179 126 128.2 2.8 

4 358 128.2 126  1.4 

5 358 89.1 63.1  2.8 

Mean GMT  301.20 119.50 99.10 1.68a b b c

SEM +36.6 +7.6 +12.3 +0.5

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.4: IHA antibody titers at 15 days post vaccination (30 day of age)th
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IHA ANTIBODY TITER

Replicates   Groups 

A B C D

1 501.2 179  63.1  0 

2 359 179 45.0 2.0 

3 359 359 63.1  0 

4 358 253 90.2 2.0 

5 501.2 251.2  126  1.4

Mean GMT  415.68 244.24 77.48 1.08a b c c

SEM +34.9 +33.0 +14.1 +0.4

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.5: IHA antibody titers at 20 days post vaccination (35 day of age)th
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Figure 6.1: IHA antibody tite50
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Figure 6.5: IHA antibody titers in different groups at different time intervals
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Figure 6.6: Regression Plot of group A showing linear trend
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Figure 6.7: Regression Plot of group B showing quadratic trend
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Figure 6.8: Regression Plot of group C showing quadratic trend
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b. Virus Neutralization Test: 

The virus neutralizing GMT before vaccination (15 day of age) in group A, B, C and D th

were 1.84, 2.04, 2.20, and 2.56 respectively (Table 6.6).

At 5 days post vaccination (20 day of age) significantly higher level (P<0.05) of GMT was th

observed (87.66) in group A vaccinated with live attenuated vaccine (CCA-LA) followed by 

group B (54.78), group C (43.38) and group D (1.96) as shown in Table 6.7.

At 10 days post vaccination similar trend was observed and there was significant (P<0.005) 

increase in GMT in group A (447.6) followed by group B (143.0) and group C (122.3) while

the GMT in control group D was remained constant (2.0). The GMTs at 10 days post

vaccination are presented in Table 6.8. 

At 15 days post vaccination (30 day of age) significantly higher level (P<0.05) of GMTth 

were observed in group A (650.80) as compared to other groups. In group B and C the GMTs 

raised significantly and were 415.28 and 294.48 respectively as compared to group D in 

which the GMT was 1.24. The GMTs at 15 days post vaccination (Table 6.9).

At 20 days post vaccination again there was maximum level of GMT observed in group A

(1129.5) as compared to other groups (P<0.05). At this stage the GMT in group B also raised 

significantly (620.10) as compared to group C (208.0). The GMT in group D was remained 

constant (1.10). The GMTs at 20 days post vaccination are presented in Table 6.10.

The virus neutralizing antibody titers raised rapidly in group A vaccinated with cell culture 

adapted live attenuated vaccine (CCA-LA) with the passage of time and maximum level was 

observed at 20 days post vaccination (Figure 6.9). In group B vaccinated with cell culture 

adapted killed vaccine (CCA-BEI) the GMT also raised with the passage of time and 

maximum GMT was observed at 20 days post vaccination (Figure 6.10). In group C
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vaccinated with liver homogenate vaccine (LHV) the GMT raised up to a certain period of 

time (15 days post vaccination) but there was a sudden decrease in GMT level at 20 days 

post vaccination showing that there was a partial immune response in this group. The GMT 

in group C at 5, 10, 15 and 20 days post vaccination (Figure 6.11). In group D which served

as unvaccinated control the GMT remained almost constant at a very low level (Figure 6.12). 

The GMT in group A, B, C and D at 5, 10, 15 and 20 days post vaccination are shown in 

Figure 6.13.

The data of virus neutralization test was also subjected to regression analysis to evaluate the

effect of time on virus neutralizing antibody titers. The results revealed that in group A

vaccinated with cell culture adapted live attenuated vaccine (CCA-LA) the GMT increased 

linearly (P<0.004; R Sq = 0.95) as shown in Figure 6.14. In group B vaccinated with cell

culture adapted killed vaccine (CCA-BEI) a significant linear effect (P<0.009; R Sq = 0.92) 

was observed but again subjecting data to quadratic regression improved R Sq value

(P<0.001; R Sq = 0.98) as shown in Figure 6.15. In group C vaccinated with liver

homogenate vaccine (LHV) a significant quadratic effect (P<0.05; R Sq = 0.7) was observed

(Figure 6.16).
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VNT ANTIBODY TITER

Replicates   Groups 

A B C D

1 1.4 2.0 2.8 2.0 

2 2.8 0 4.0 2.8 

3 2.8 4.0  0  4.0 

4 2.8 2.8 2.8 2.0 

5 1.4 1.4 1.4 2.0 

Mean GMT  1.84 2.04 2.20 2.56NS NS NS NS 

+0.4 +0.6 +0.6 +0.3SEM 

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

NS = Non Sign ificant

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.6: VNT antibody titers before vaccination (15 day of age) th
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VNT ANTIBODY TITER

Replicates   Groups 

A B C D

1 89.1 45.0 31.7  1.4 

2 89.1 89.1 45.0  2.8 

3 45.0 31.7 63.5  2.8 

4 126 45.0 45.0  2.8 

5 89.1 63.1 31.7  0 

Mean GMT  87.66 54.78 43.38 1.96a b b c

+12.8 +9.9 +5.8 +0.5SEM 

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.7: VNT antibody titers at 5 days post vaccination (20 day of age)th
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VNT ANTIBODY TITER

Replicates   Groups 

A B C D

1 179 89.1 89.1  1.4 

2 724 89.1 179  1.4 

3 253 179 126  2.8 

4 358 179 89.1 2.8 

5 724 179 128.2 1.4 

Mean GMT  447.6 143.0 122.3 2.0a b b c

SEM +116.3 +22.0 +16.5 +0.3

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.8: VNT antibody titers at 10 days post vaccination (25 day of age) th
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VNT ANTIBODY TITER

Replicates   Groups 

A B C D

1 724 358 251.2 1.4 

2 358 501.2 359  0 

3 724 358 358  2.0 

4 724 358 253  1.4 

5 724 501.2 251.2  1.4 

Mean GMT  650.80 415.28 294.48 1.24a b b c

SEM +73.1 +35.0 +26.1 +0.3

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.9: VNT antibody titers at 15 days post vaccination (30 day of age) th
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VNT ANTIBODY TITER

Replicates   Groups 

A B C D

1 1024 501.2  126  2.0 

2 1448 716.1  126  2.0 

3 716.1 1024  358  0 

4 1011.6 358  251.2  0

5 1448 501.2  179  1.4 

Mean GMT  1129.5 620.1 208.0 1.1a b c c

SEM +141.2 +116.0 +43.9 +0.4

a-c: For the same main effect, values with different superscripts differ significantly (P<0.05)

Group A – CELC adapted live attenuated vaccine

Group B – CELC adapted killed vaccine 

Group C – Liver homogenate vaccine 

Group D – Unvaccinated Control 

Table 6.10: VNT antibody titers at 20 days post vaccination (35 day of age) th
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Figure 6.9: VNT antibody titers in Group A at 5, 10, 15 and 20 days post vaccination
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Figure 6.10: VNT antibody titers in Group B at 5, 10, 15 and 20 days post vaccination 
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Figure 6.11: VNT antibody titers in Group C at 5, 10, 15 and 20 days post vaccination 
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Figure 6.12: VNT antibody titers in Group D at 5, 10, 15 and 20 days post vaccination 
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Figure 6.13: VNT antibody titers in different groups at different time intervals 
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Figure 6.14: Regression Plot of group A showing linear trend
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Figure 6.15: Regression Plot of group B showing quadratic trend
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Figure 6.16: Regression Plot of group C showing quadratic trend
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D. Experimental Challenge:

a. Protection Percentage: 

In this experiment all the remaining birds in each replicate of each group (A-D) were 

challenged at 36 day of age (21 days post vaccination) with MMG-1 isolate of HPS virus. th

The results revealed that in group A vaccinated with cell culture adapted live attenuated

vaccine (CCA-LA) there were 4 mortalities out of 60 birds having typical lesions of

hydropericardium and hepatitis. The percent mortality in group A was 6.6 and maximum

protection percentage of 93.4 was observed. In group B vaccinated with cell culture adapted

killed vaccine (CCA-BEI) there were 5 mortalities out of 60 birds up to 42 days of age. The 

percent mortality in group B was 8.3 followed by a protection percentage of 91.7. In group C

vaccinated with commercial liver homogenate vaccine (LHV) there were 19 mortalities out 

of 60 birds and percent mortality was 31.6 followed by a protection percentage of 68.4 

indicating that there was partial immunity in group C against hydropericardium syndrome. In 

group D unvaccinated control (UC) there were 28 mortalities out of 60 birds up to 7 days of 

challenge. The percent mortality in group D was 46.6 and protection percentage was only

53.4 indicating that there was no immunity in group D against hydropericardium syndrome.

Table 6.11 presents the percent mortality and protection percentage after experimental 

challenge in each group. 

II. Field Trials:

In these trials the cell culture adapted live attenuated vaccine (CCA-LA) which performed 

best in experimental trials was evaluated on large scale by conducting field trials on

commercial broiler farms located in and around Lahore, Faisalabad and Rawalpindi Districts. 

Total of 15 farms having total population of 45000 broilers were selected for these trials. 
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Among these, 9 farms having population of 28000 broilers were vaccinated with CCA-LA at 

15 day of age while 6 farms having population of 17000 broilers were kept unvaccinated. th

The results of field trials revealed that there was 6.07 percent mortality in vaccinated flocks

with hydropericardium syndrome followed by a protection percentage of 93.9. On the other 

hand there was 31.7 percent mortality in unvaccinated flocks and postmortem examination 

revealed typical symptoms of hydropericardium syndrome. The protection percentage in

unvaccinated flocks was 68.3. These results revealed that CCA-LA also performed excellent

in field conditions and was capable of eliciting an immune response in broiler chicken 

against hydropericardium syndrome. The results of field trials are presented in Table 6.12.
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Table 6.11: Percent Mortality and Protection Percentage after Challenge 

Groups  No. of Birds  Mortality  % Mortality  % Protection

A CCA-LA 60 04 6.6 93.4

60 05 8.3 91.7B CCA-BEI

C LHV 60 19 31.6 68.4

D UC 60 28 46.6 53.4

Group A – CELC adapted live attenuated vaccine (CCA-LA)

Group B – CELC adapted killed vaccine (CCA-BEI)

Group C – Liver homogenate vaccine (LHV)

Group D – Unvaccinated Control (UC)

Table 6.12: Percent Mortality and Protection Percentage in Field Trials 

No.  Farms  T. Population Mortality  % Mortality  % Protection

9 Vaccinated 28000 1700  6.07  93.93

6 Unvaccinated 17000 5400  31.7  68.3
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DISCUSSION 

Evaluation of Vaccines in Experimental and Field Trials

Experimental and Field Trials: 

In the present study comparative pathogenicity, immunogenicity and protection percentage of 

chicken embryo liver cell culture adapted live attenuated (CCA-LA), killed vaccine (CCA- 

BEI) and commercially available liver homogenate vaccine (LHV) was determined in 

experimental and field trials. The pathogenicity of each vaccine was determined at 5, 10, 15 

and 20 days post vaccination on the basis of appearance of gross lesions or presence of

intranuclear inclusion bodies on histological examination. The results revealed that there was 

no appearance of any lesion grossly and presence of intranuclear inclusion bodies on 

histological examination indicating thereby that the vaccines used in the present trials were 

safe without having any risk of in vivo pathogenicity. It has already been discussed in the

previous chapter that passage 12 virus was completely attenuated as it was found non

pathogenic in broilers and in the present trial the passage 12 virus was used as live attenuated 

vaccine. Again it was confirmed that live attenuated vaccine used in the present study was

non pathogenic in broilers. Other vaccines used in the study were killed virus vaccines and 

such killed virus preparations were also non pathogenic for broilers.

For immunogenicity trials two techniques such as indirect haemagglutination test (IHA) and 

virus neutralization test (VNT) were used in the present study. IHA test was designed for the 

first time to measure the antibody titer in the serum of broilers either vaccinated or affected 

from hydropericardium syndrome by Rehman et al., (1989) and frequently used by many

workers in their subsequent studies (Mashkoor et al., 1994a, 1994b; Sarwar et al., 1995;
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Hussain et al., 1996, 1999; Akhtar et al., 2000; Zia et al., 2001; Manzoor et al., 2003). The

significance of virus neutralization test being superior to agar gel precipitation test and 

indirect haemagglutination test particularly when the quantification of antibodies was 

required has been determined by Rosenberger et al., (1998). Similar technique either for the 

determination of antigen or antibodies for avian adenoviruses has also been used by many 

workers (Sharma, 1994; Pilkington et al., 1997; Toro et al., 1999; El-Attrache and Villegas, 

2001; Dahiya et al., 2002). The findings of the present study also revealed that indirect

haemagglutination test can be used in routine diagnosis of hydropericardium syndrome while 

virus neutralization test was more sensitive and reliable in the determination of antibody 

levels after vaccination trials.

In the present study the broilers were vaccinated at 15 day of age and the results of IHA and th

VNT revealed that before vaccination geometric mean titers (GMTs) in all groups were very

low but at a uniform level. After five days of vaccination the antibody titers were raised

rapidly and significantly high level (P<0.000) was observed in group A vaccinated with cell 

culture adapted live attenuated vaccine (CCA-LA). After that GMTs in this group were

raised significantly at 10 and 15 days post vaccination and the maximum level was achieved

at 20 days post vaccination (35 day of age). Regression analysis revealed that IHA antibody th

titer in group A rose linearly (P<0.01; R Sq = 0.98) with the passage of time. Similar trend

was also observed with virus neutralizing (VNT) antibody titers (P<0.004; R Sq = 0.95). The 

results of the protection trial after experimental challenge with MMG-1 isolate of HPS virus 

revealed the lowest mortality of 6.6 percent and the highest protection of 93.4 percent in the 

remaining birds of group A vaccinated with CCA-LA. Similar results have also been

observed by Steenhuisen et al., (1994) while vaccinating the breeders with a live attenuated
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vaccine against chicken anemia virus. These results have been further supported by Toro et

al.,(2002) in their studies to prevent hydropericardium syndrome in progeny chicken by

vaccinating the breeders with fowl adenovirus vaccine and live attenuated chicken anemia 

virus vaccine. Moreover, Sharma, (1994) has also described the significance of cell culture 

adapted live attenuated vaccine against type II avian adenoviruses.

The chicken embryo liver cell culture adapted killed vaccine (CCA-BEI) was also tested for

its efficacy in broilers in the present study. The results revealed that IHA and VNT antibody

titers also rose significantly with the passage of time in this group. It was also observed that 

at 5, 10 and 15 days post vaccination the GMTs rose slowly but at 20 days post vaccination 

there was a sudden increase in the antibody titer in this group. The regression analysis 

revealed that in this group the linear effect was significant (P<0.01; R Sq = 0.90) but

subjecting the data to quadratic regression improved R Sq value (P<0.008; R Sq = 0.99) 

showing later the best fit model. Similar trend was also observed with virus neutralizing 

antibody titer and a significant linear effect (P<0.009; R Sq = 0.92) was improved by 

quadratic regression (P<0.001; R Sq = 0.98). So these findings are in close agreement with 

the results of Naeem et al., (1995b) who prepared a vaccine by propagating the virus in

chicken embryo liver cell cultures and embryonated hen eggs and found that by using such 

killed virus vaccines the antibodies were detectable for 7 to 28 days post vaccination and 

provoked a good immunity in broilers. In the present study when remaining birds in this 

group were challenged with virulent isolate of HPS virus there was 8.3 percent mortality and

91.7 percent protection which was comparable with group A. similar observations by using 

cell culture adapted killed vaccines against hydropericardium syndrome have also been

described by some other workers (Rabbani, 1997; Kataria et al.,1997b; Icochea et al.,2001).
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In the present study the efficacy of commercially available liver homogenate vaccine was 

also tested and compared with cell culture adapted live attenuated and killed vaccines. The 

results revealed that IHA and virus neutralizing antibody titers also rose at 5, 10 and 15 days 

after the administration of this vaccine but were significantly low as compared to cell culture 

adapted live attenuated and killed vaccine. It was also observed that at 20 days post

vaccination there was a sudden drop in the antibody titers and significantly low levels were 

observed at this stage indicating a partial immune response provoked in broilers with this

vaccine. Regression analysis also showed a quadratic trend in this group. The results of the 

experimental challenge revealed that liver homogenate vaccine produced poor immunity in 

the broilers and there was high mortality rate of 31.6 percent followed by a lowest protection 

of 68.4 percent comparable with the unvaccinated control group. Likewise in the

unvaccinated control group there was also a decreasing trend in the level of antibody titers 

with the passage of time as lowest levels were observed at 35 day of age in all test birds.th

Upon experimental challenge with MMG-1 isolate there was lowest protection of only 53.4 

percent and highest mortality of 46.6 percent was observed in this group.

Keeping in view the results of present study the cell culture adapted live attenuated vaccine 

(CCA-LA) which performed best in the experimental trials was also tested in some field

trials. The results revealed that in a total population of 28000 broilers vaccinated with CCA- 

LA vaccine a protection of 93.93 percent was observed and only 6.07 percent mortality was 

observed with or without having gross lesions of hydropericardium syndrome. On the other 

hand a total of 17000 broilers in different localities were kept unvaccinated and observed for 

clinical hydropericardium syndrome. Among these almost 31.7 percent broilers died due to 

hydropericardium syndrome and most of the unvaccinated flock experienced typical
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outbreaks of the disease during their entire life. Ahmad et al., (1990) have conducted two

field trials on 128 poultry farms and observed a mortality rate of 0.77 to 3.8 percent in 

vaccinated flocks as compared to 11 to 30 percent mortality in unvaccinated flocks. In 

another field trial a mortality of 0.52 percent was observed in vaccinated flocks and 5.34 

percent was observed in unvaccinated broilers (Afzal and Ahmad, 1990). The above

mentioned trials were conducted soon after the initial outbreaks of hydropericardium 

syndrome in Pakistan and liver homogenate vaccines were used in these trials. According to 

these reports liver homogenate vaccines provided good protections to broilers even in the

face of an outbreak but further reports on hydropericardium syndrome did not support these 

findings and it has been suggested that cell culture adapted vaccines were superior to liver 

homogenates (Icochea et al., 2001), safe vaccines that will transmit a strong active immunity

to broilers for their entire growing period should be established (Balamurugan and Kataria,

2004) and the use of unhealthy liver homogenates should be minimized in poultry (Khan et

al.,2005). 

After the initial outbreaks of hydropericardium syndrome there has been a lot of work in the 

prevention of disease by using formalin inactivated liver homogenate vaccines (Cheema et

al.,1989; Chishti et al., 1989; Afzal and Ahmad, 1990; Ahmad et al., 1990; Anjum, 1990;

Mashkoor et al.,1994a; 1994b; Sarwar et al., 1995; Shane, 1996; Hussain et al., 1996, 1999;

Kumar et al., 1997; Akhtar et al., 2000;  Zia et al., 2001; Manzoor et al., 2003; Ahmad and 

Hassan, 2004). There has also been a great controversy in the findings of many workers

regarding the efficacy of liver homogenate vaccines. It has been suggested that a single 

vaccination at 15 day of age was sufficient to protect broilers from hydropericardiumth 

syndrome (Ahmad et al., 1990). However, in another study it has been described that 100
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percent protection was achieved with double vaccination of broilers as compared to single

vaccination in which protection was 80 percent (Hassan et al., 1994). To date it has not yet

been decided that in broilers vaccination against hydropericardium syndrome should there be 

a single or a double shot? Contrarily it has further been described that 0.5 percent formalin 

for 72 hours or heat treatment at 56 C for 1 hour followed by overnight inactivation with 0.1 o

percent formalin was more favorable as compared to inactivation of liver homogenate with

0.1 percent formalin (Anjum, 1990; Kumar et al., 1997). Inactivation of liver homogenate 

with 0.1 percent betapropiolactone was found to be more superior to different concentrations 

of formalin (Ahmad et al.,1990; Akhtar et al.,2000).

On the other hand it has been suggested that liver homogenate suspension inactivated with 

0.25 percent formalin when used as vaccine provoked a significantly better immune response

as compared to an oil adjuvant liver homogenate vaccine (Chishti et al., 1989). In contrast

the comparative efficacies of formalized inactivated vaccine and inactivated oil emulsion 

vaccine were evaluated on the basis of humoral immune response and results revealed that oil 

emulsion vaccine induced significantly higher level of immunity than formalized vaccine 

(Hussain et al., 1999). In another study Zia et al., (2001) have reported that a modified oil

emulsion vaccine provided 100 percent protection to broilers when compared to the oil 

emulsion vaccine previously prepared by Hussain et al., (1999) which pr ovided 80 percent 

protection. Furthermore, Roy et al., (1999) have reported that a liver homogenate purified 

with chloroform, inactivated with formalin and adjuvanted with liquid paraffin was highly

effective against challenge with infected liver homogenate in broilers at different ages.

The reason of failure of the liver homogenate vaccine in the induction of a complete immune

response in broilers in the present study is also supported by the conclusions of Khan et al.,
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(2005) who reviewed the current status of hydropericardium syndrome in Pakistan and wrote 

that various vaccine formulations are being used in the field but none of them fulfills the

criteria of eliciting a prompt and long lasting immune response in the broilers. The liver

homogenate vaccines have an inconsistent titer of virus among and/or between the different 

batches of vaccine and immune response provoked by these vaccines is not always consistent

and predictable. On the other hand the chicken embryo liver cell culture adapted and

attenuated live and killed vaccines performed excellent in the present study and supported the

findings of Icochea et al., (2001) who concluded that the protective effect of an oil

adjuvanted cell culture adapted vaccine was superior to the liver homogenate vaccine. 

Similar conclusion has also been made by Balamurugan and Kataria, (2004) that owing to the

contagious nature of hydropericardium syndrome, the development of a suitable vaccine in

specific pathogen free chicken and cell culture systems seems to be the best answer with 

strict biosecurity and high standards of hygiene and management. Moreover, while

suggesting the future perspectives of hydropericardium syndrome Khan et al., (2005) wrote 

that in Pakistan to date most of the outbreaks of disease are truly post vaccination and poultry

farmers are facing the same threat of hydropericardium syndrome as in 1987 and there should

be sufficient attempts to propagate the virus on specific pathogen free embryonated hen eggs 

and cell cultures for the production of killed and live attenuated vaccines.
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CHAPTER 7

DISCUSSION 

Hydropericardium syndrome (HPS) was successfully reproduced in experimental conditions 

in healthy broiler chicken which were not previously vaccinated against the disease by using 

liver homogenate and purified virus suspension via oral and subcutaneous administration. 

There was a highly significant difference (P<0.01) between the percent mortality among

different treatment groups. Maximum mortality of 45 percent was observed when liver

homogenate was inoculated via subcutaneous route while lowest mortality of 15 percent was

observed when it was given orally. On the other hand when purified suspension was given

subcutaneously a mortality rate of 25 percent was observed as compared to oral inoculation 

in which mortality rate was 30 percent. Naeem and others described a mortality rate of 80 

percent in subcutaneous inoculation of liver homogenate and 50 percent mortality rate in oral 

inoculation but only at 3 and 6 day of age (Naeem et al., 2001). However, Anjum, (1990) 

failed to reproduce the disease via oral inoculation of infected liver homogenate. In another 

study Abdul-Aziz and Hassan, (1995) inoculated infected liver homogenate intramuscularly 

or orally into day old broiler chicks and observed mortality rates of 100 percent and 30 

percent respectively with hydropericardium.

The route and type of inoculum used for experimental infection of broilers significantly 

affected the incubation period of virus and onset of clinical disease. The liver homogenate 

when given subcutaneously showed a median survival time of less than 2 days (40.5 hours) 

while the purified suspension when given subcutaneously showed a median survival time of 

a little bit more than 2 days (52.5 hours). Furthermore, it was also observed that via oral route 
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the onset of clinical disease was late regardless the type of inoculum used. The liver

homogenate when given orally showed a median survival time of less than 4 days (90 hours) 

and oral inoculation of purified suspension exhibited a median survival time of more than 4

days (105 hours). An incubation period of 48 to 72 hours in case of experimental infection

with 7 days duration of disease has also been described (Aliev et al., 1997). These results are

in close line with the findings of present study in which the disease appeared with in 48 to 72 

hours in all groups and the total duration of disease was up to 7 days. The results of present 

study are also in close agreement with those who suggested an incubation period of 2 to 4 

days followed by inoculation with liver homogenate or purified virus (Afzal et al., 1991;

Gowda and Satyanarayana, 1994; Ganesh et al.,2002a).

The activity of organ specific enzymes affected by different route and type of inoculums was 

also evaluated and the results revealed a highly significant effect of different routes and types

of inoculums on the activity of alanine aminotransferase, aspartate aminotransferase, 

creatinine phosphokinase, lactic dehydrogenase and alkaline phosphatase. Among different 

treatment groups the highest activity of all organ specific enzymes was observed with liver 

homogenate when inoculated subcutaneously. The severity of the induced disease was also 

maximum in this group accompanied with high mortality percentage and intense gross and 

microscopic lesions. The increase in the activity of organ specific enzymes in homogenate 

subcutaneous treatment has been attributed to the hepato-cellular damage, hepatic necrosis,

vascular and cardiac degenerative changes like myocardial damage and necrosis. So the

results of present study are in conformity with the findings of other researchers who

described the elevated levels of organ specific enzymes due to hepato cellular damage and 

cardiac dysfunctions in broilers and layers affected with hydropericardium syndrome or other 
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diseases (Zaman and Khan, 1991; Gowda and Satyanarayana, 1994; Iqbal et al., 1994;

Kumar and Clark, 1994; Shukla and Pachauri, 1995; Asrani et al., 1997; Diaz et al., 1999;

Imaeda, 1999; Arab et al.,2006; Bintovihok and Kositcharoenkul, 2007).

The serum enzyme activity was also significantly affected at different hours post inoculation. 

There was a typical pattern of enzyme levels observed at different time intervals. A

significantly high level of all enzymes was observed at 72 hours post inoculation. At this

stage the induced disease was also at its peak and maximum mortality accompanied with 

severe hepatic and cardiac damage was observed, the most practical reason for elevated

levels of enzymes at this stage. It has previously been reported that incubation period of

hydropericardium syndrome in experimental infection ranged between 48 to 72 hours with 

total duration of 7 days (Gowda and Satyanarayana, 1994; Aliev et al., 1997; Asrani et al.,

1997; Kumar et al., 1997; Ganesh et al., 2002a). In the present study it has also been

observed that at 96 hours post inoculation there was a significant decrease in the levels of all

enzymes except lactic dehydrogenase which was significantly high at this stage. The reason 

for decline in levels of enzymes is clear from our previous discussion that at this stage the

disease was declining. It has also been reported that during hepatic and cardiac dysfunction 

lactic dehydrogenase peaks in 3 to 6 days post infections and may not return to normal until 

the end of 14 day (Schoen 1994).th

The present study was conducted to develop and test a cell culture system in which HPS

virus can be adapted and propagated efficiently and ultimately to use this propagated virus as 

a candidate vaccine against hydropericardium syndrome in broilers. The hepatocytes were 

isolated and cultured from 12 days old embryos and the confluent layer of cells was observed 

within 48 hours of culturing. Virulent isolate of HPS virus was adapted and further
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attenuated by serial passages on chicken embryo liver cell cultures. After first, second and 

third passage no cytopathic effects (CPEs) were observed up to 72 hours post infection. In 

the 4 passage clear and consistent cytopathic effects which included vacoulation andth

aggregation of cells were observed after 36 hours and remained consistent even up to 72 

hours post infection. In this way the virulent isolate of HPS virus was adapted on chicken 

embryo liver cell culture after four serial passages. The cytopathic effects were continued to 

appear with the same intensity afterwards. At 12 passage the cytopathic effects were th

remained with the same intensity and at 36 hours post infection there was aggregation and 

vacoulation of cells. After 48 hours of infection there was visible rounding of cells in this 

passage that ends up with complete granulation of cells at 72 hours post infection. It has 

previously been reported that hydropericardium syndrome virus isolated in primary cultures

of chicken embryo liver cells produced cytopathic effects of rounding, aggregation and 

granulation of the cells at fourth passage (Dahiya et al., 2002). The results of agar gel 

precipitation test revealed that there were clear cut lines of precipitations between the known

hyper immune serum and culture supernatant from each passage which confirmed the 

presence of HPS virus. Similar test has also been standardized to confirm the presence of 

HPS virus in chicken embryo liver cell cultures (Kumar et al., 2003).

The chicken embryo liver cell culture adapted and attenuated HPS virus was tested for its 

pathogenicity in broiler chicken. It was observed that pathogenicity of serially passaged virus 

on chicken embryo liver cells reduced considerably in broiler chicken. The chickens

inoculated with passage 12 virus (completely attenuated virus) exhibited no gross and 

microscopic lesions up to 7 days post inoculation and was comparable with control group. 

These results are also in close association with many reports regarding the in vitro
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propagation and attenuation and in vivo pathogenicity of hemorrhagic enteritis virus and

marble spleen disease virus both of which are important members of type II avian

adenoviruses (Barbour et al., 1993; Sharma, 1994).

The chicken embryo liver cell culture adapted and attenuated HPS virus was used as live 

attenuated vaccine in the present study. As discussed previously that passage 12 virus was 

highly infective for cell cultures but non pathogenic for broilers so it was a good candidate to

be checked as a live attenuated chicken embryo liver cell culture adapted vaccine against 

hydropericardium syndrome in broilers. The results of revealed that at 5, 10, 15 and 20 days 

post vaccination significantly higher level (P<0.05) of GMTs were observed in birds 

vaccinated with live attenuated vaccine as compared to other groups. The results of challenge 

protection study revealed that cell culture adapted live attenuated vaccine gave maximum 

protection of 93.4 percent as compared to other groups. Similar results have also been 

observed while vaccinating the breeders with a live attenuated vaccine against chicken

anemia virus (Steenhuisen et al., 1994). These results have been further supported by Toro et

al.,(2002) in their studies to prevent hydropericardium syndrome in progeny chicken by

vaccinating the breeders with fowl adenovirus vaccine and live attenuated chicken anemia 

virus vaccine. Moreover Sharma, (1994) has also described the significance of cell culture 

adapted live attenuated vaccine against type II avian adenoviruses.

In the present study chicken embryo liver cell culture adapted killed vaccine was also tested

for its efficacy in broilers. The results revealed that at 5, 10 and 15 days post vaccination the 

GMTs raised slowly but at 20 days post vaccination there was a sudden increase in the

antibody titers followed by a protection percentage of 91.7 in the remaining broilers. So these 

findings are in close agreement with the results of Naeem et al., (1995b) who prepared a 
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vaccine by propagating the virus in chicken embryo liver cell cultures and embryonated hen 

eggs and found that by using such killed virus vaccines the antibodies were detectable for 7 

to 28 days post vaccination and provoked a good immunity in broilers. Similar observations

by using cell culture adapted killed vaccines against hydropericardium syndrome have also 

been described by some other workers (Kataria et al.,1997b; Icochea et al., 2001).

In the present study the efficacy of commercially available liver homogenate vaccine was 

also tested and compared with cell culture adapted live attenuated and killed vaccines. The 

results revealed that virus neutralizing antibody titers also raised at 5, 10 and 15 days after 

the administration of this vaccine but at 20 days post vaccination there was a significant drop 

in the antibody titers followed by a protection of only 68.4 percent indicating a partial 

immune response. Previously there had been many attempts in the control of

hydropericardium syndrome in broilers by using formalin inactivated liver homogenate 

vaccines and there have been a lot of contrary findings of many workers regarding the 

efficacy of liver homogenate vaccines (Afzal and Ahmad, 1990; Anjum, 1990; Khushi et al., 

1996; Hussain et al., 1996, 1999; Zia et al., 2001). The results of the present study also 

suggested that chicken embryo liver cell culture adapted live attenuated and killed vaccines 

performed best in experimental and field conditions as compared to liver homogenate

vaccine and strengthen the views of Khan et al., (2005).
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