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The occurrence of Inclusion Body Hepatitis in commercial broilers flocks of
different parts of India was studied in order to identify the Fowl Adenovirus (FadV) type
responsible for the disease. The most common gross lesions observed during necropsy
included hydropericardium, hepatomegaly, petechial haemorrhages on liver, yellowish
discolouration of subcutaneous and abdominal fat along with swelling and paleness of
kidneys. Histopathological examination revealed intranuclear basophilic inclusion bodies
indicative of FadV infection. Virus isolation was attempted in-vivo, in-ovo and in-vitro
in Specific Pathogen Free (SPF) birds, SPF embryonated eggs and Chicken Embryo Liver
primary cells, respectively. Antibody based detection of FAdV was suitably done with the
help of Agar Gel Immunodiffusion test (AGID). Polymerase Chain Reaction and Restriction
Fragment Length Polymorphism analysis was performed to detect and differentiate FadV
types. Sequencing and phylogenetic analysis revealed presence of FadV type 2, 4, 8 and 11
in Indian poultry.
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Inclusion Body Hepatitis (IBH) has
emerged asaprimary diseasein commercial broilers.
Earlier it was identified to be associated with
immunosuppressive agents like I nfectious Bursal
Disease virus and Chicken Infectious Anaemia
virus (Gomis et al., 2006). Recent work has
demonstrated virulent strains which alone can
produce severedisease with mortality ranging from
10-30% (Dahiyaet al., 2002). I ncidences have been
reported from several countries such as India,
Australia, New Zealand, England, USA, Germany,
Canada, Italy, Japan and several central and South
American countries (Gomiset.al. 2006, Ojkic et.al.
2008). IBH was first described in USA in 1963
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(Howell J. et.al., 1970). InAsiain 1987 it wasfirst
reported in Angara Goth near Karachi in Pakistan
(Khawajaet al., 1988). Gowda and Satyanarayana
(1994) described the disease in birds of the age
group of 3to 6 wks characterized by sudden onset
and amortality rate ashigh as 75%, thereby, posing
asignificant threat to the poultry industry of India

The causative organism of 1BH isFowl
Adenovirus (FAdV) serotype 4 belonging to group
1FAdV of Adenoviridae family (Balamurgan and
Kataria, 2004). Fow!l adenoviruses (FAdV) group
consist of twelve types (formerly serotypes),
namely FAdV-1to 8a, and FAdV-8bto 11 which are
classifiedinto fivedifferent species (A-E) (Zadravec
et. al. 2013). FAdVsare non-envel oped, 70-80 nm
in diameter single linear double stranded DNA
(dsDNA) with icosahedral structure, composed of
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252 capsomers. Out of these 252 capsomers, there
are 12 vertex capsomers (penton bases) and 240
non-vertex capsomers (hexons). There are seven
polypeptides present in virion capsid. Hexon, asa
major protein of the adenovirus capsid, is known
to have region related to virus neutralizing and
serotype specificity (Toogood et. al. 1989).

The current study was undertaken to
investigate |BH affecting commercia broilersflocks
inIndia. Thestudy aimsto isolate and characterize
the FAdV types involved in the disease and thus
provide actual data pertaining to the disease
scenario.

MATERIALS AND METHODS

Samplecollection

Liver samples were collected from IBH
suspected broiler birdsfrom different partsof India.
For virus isolation livers were collected in
Phosphate buffer Saline (GPBS) containedin sterile
containers and brought to the laboratory
maintaining cold chain. For histopathological
investigations similar liver tissues were collected
in 10% buffered formalin and submitted to VBRI
Shanthinagar Hyderabad, India.
Preparation of samples

20% W/V suspension of collected liver
tissues were prepared in sterile PBS and
centrifuged at 3000g for 15 minutes at 4°C. The
supernatantswerefiltered using 0.22 micron syringe
filtersand were stored at -20 °C for virusisolation
and molecular confirmation.
Viruslsolation
I nfection of Specific Pathogen Free (SPF) birds

For invivoisolation, theliver suspension
was inoculated into 3 wks old SPF birds by
intramuscular route at the dose rate of 0.5 ml per
bird and observed for 144 hours. The dead birds
were examined for lesionsand liverswere collected
for histopathol ogical and molecular studies.
I nfection in SPF eggs

Isolation was also attempted in 10 day
old embroyonated SPF eggs by inoculating the 20
% liver suspension into the eggs by allantoic route
at the rate of 0.1ml per egg. The eggs were
incubated for 144 hrspost inoculation (hpi). Daily
inoculated eggs were observed by candling and
all dead embryos were examined for changesin
the viscera. Liver sampleswere also collected for
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histopathological and molecular study.
I nfection of Chicken EmbryoLiver (CEL) cells

CEL cellswere prepared from 14 day old
SPF embryosfollowing the procedure of Penelope
A. Steer and Amir H. Noormohammadi (2011) with
few modifications. 25 cm? cultureflasks (Corning)
were seeded with 0.5 x 10° cells per cm? using
Medium 199 (Himedia) containing 10% Fetal Bovine
Serum (FBS) (Sigma) in atotal volume of 10 ml and
incubated at 37°C with 5% CO,. Medium was
changed every 24 to 48 hrs, until the cell monolayer
became confluent (approximately 60-72 hrs). For
infecting the cells, the medium was discarded and
the confluent CEL monolayer wasinoculated with
100 pl of the 20 % liver suspension and 400 pl of
maintenance medium containing 2% FBS .
Following an incubation period of 1 hour,
maintenance medium was added to increase the
volume up to 10 ml. The cells were further
incubated until cytopathic effect (CPE) was
observed in more than 80 percent of the cells. The
virus thus propagated in the cells was harvested
by freezing (-70°C) and thawing the culturethrice
followed by centrifugation at 1500g for 10 minto
separate cell debris. The supernatant was collected
and stored in aliquotsat -70° C for further molecular
and serological studies.
| dentification of thevirus
Agarosegel immunediffusion (AGID) test

AGID was performed asper the procedure
described in OIE manual (2013) for Infectious
Bursal Disease with minor modifications for
detection of FAdV antigen in suspected samples.
Hyperimmune serum wasraised in five, 2-weeks-
old SPF birds by inoculating 0.5 ml of Inactivated
IBH vaccine- FAdV Type4 (Globion IndiaPvt Ltd)
by intramuscular route, booster injections with
the same dose were given weekly upto 5 weeks of
age. The blood samples were collected 14 days
post-final booster. Sera were separated, heat
inactivated at 56°C for 30 minutes and stored at -
20°C until further use.

1% Agarose(Agarose medium EEO) was
prepared in a buffer solution containing sodium
chloride -8.0 g, kalium dihydrogenophosphate -
0.45 g, sodium hydrogenophosphate dihydrate -
1.19gand distilled water to afinal volumeof 1 litre
(final P 7.1 at 20-25°C). 5 ml dissolved agarose
was poured into 30mm plastic Petri dishes placed
onalevel surface. Covered plateswere allowed to
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set at 4°C overnight and later kept at 37°Cinan
inverted position for 30 minutes before proceeding
with thetest. Wellsof 3mm diameter were cut 3mm
apart by using atemplate and tubular cutter. The
bottom of the wells were sealed with molten
agarose. The central well was loaded with 20 pl
hyperimmune seraand the surrounding wellswith
20 ul each of the suspected samples. The plates
wereincubated for 24-36 hrsin amoist chamber at
37°C and observed for presence of precipitation
lines.

Polymerase Chain Reaction (PCR)

Hexon protein gene of fowl adenovirus
group-1 was chosen (Meulemanset al., 2001) for
thisstudy. Viral DNA was extracted fromtheliver
suspensions and CEL propagated cell culturefluid
by Trizol LS (Life science) method as per the
manufacturer’s protocol. The purity and quantity
of extracted DNA was checked by using Nanodrop
(Thermo).

DNA amplificationswere carried outina
total volume of 25 pl containing 100-150 nano gram
viral DNA, 1 uMol each primer and 1 U Tag DNA
polymerase (Thermo) using the following
conditions: denaturation- 94°C, 30 Sec; annealing-
48°C, 1 min; extension-72°C, 1 minute; 30 cycles
followed by afinal extension step- 72°C, 8 min.
The amplified products were analyzed by
electrophoresisin al.8% agarose gel, stained with
ethidium bromide and visualized by UV
transillumination.

Restriction analysis

8 ul of unpurified PCR product was
incubated with 5 U of restriction enzyme BsiWI
(New England Biolabs) at 55 °Cfor 1 hour. Products
obtained by restriction enzyme digestion were
separated electrophoretically on a2 % agarose gel,
stained with ethidium bromide and visualized by
UV transillumination.

DNA sequencing and phylogeneticanalyasis

The positive PCR products along with
the primers were submitted for DNA sequencing.
Consensus sequence thus obtained were aligned
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with various published sequences of the Hexon
protein genein Genbank using NCBI Blast. All the
nucleotide sequences were aligned for phylogenic
analysis using the CLUSTAL OMEGA software
programme.

RESULTS
Grossand histopathology
Necropsy of the affected birds revealed
prominent changes which included

hydropericardium, accumulation of jelly fluidinthe
pericardial sac (Fig. 1 A), marked hepatomegaly
with haemorrhages, splenomegaly and nephritis.
However, the picturewasdifferent in certain birds
in which yellowish discoloration of the
subcutaneous and abdominal fat, swollenand pale
kidneys (Fig. 1 B), enlarged liver with petechial
haemorrhages (Fig. 1 C) were observed without
any evidence of hydropericardium.

H& E staining of formalin fixed liver tissue
sectionsrevealed intranuclear basophilicinclusion
bodiesindicative of FAdV infection (Fig. 2).
Virusisolation

Virusisolation and disease reproduction
trial was done in 3 week old SPF birds. 20-80 %
mortality was observed within 144 hpi. The
remaining birds showing illness later recovered.
Necropsy of dead hirdsrevealed similar lesionsas
mentioned earlier prominently, confirming the
reproducibility of the disease. The SPF eggs
inoculated with theliver suspension remained alive
for 144 hpi. These embryos showed marked
hepatomegaly with yellow pigmentation and
haemorrhageson liver.

The propagation of the virusin the CEL
cellswas evident by the observance of cytopathic
effect like rounding of cells in 60-72 hpi.and
detachment of cellsby 96 hrs. 72 hrspost infection,
80% of the cells became rounded (Fig. 3).
Histopathology and PCR analysis substantiated
the presence of the virus in the experimentally
infected chicks, embryosand CEL cells.

Table 1. Restriction fragment length polymorphism band sizes for Hexon gene digested using BsiW1

FAdv species Type 2 (Group D)

Type 4 (Group C)

Type 8 (Group E) Type 11 (Group D)

Band Sizes 680 and 217 bp

897 bp (n.c.*)

897 bp (n.c.*) 897 bp (n.c.*)

*n.c. Not cut
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Agarosegel immunediffusion (AGID)Test

The liver suspensions and CEL
propagated cell culturefluid weretested by AGID
employing the hyperimmune seraraised with the
FAdV Type 4 vaccine. A line of precipitation was
observed in 3 of the samples (Fig. 4) indicating
FAdV type4infection.
PCR and RFLPanalysis

Hexon gene of fowl adenovirus was
amplified from viral DNA to obtain 897 bp PCR
product which was resolved on 1.8% agarose gel
(Fig.5). Out of 48 samples collected from the
different poultry farms, 24 werefound to be positive
by PCR. Mentionably, corresponding samples
showed positive changes in SPF chicks,
embryonated eggs and CEL cells. The samples
found to be negative by PCR could not be
propagated in the SPF chicks, embryos and CEL
cells. Digestion of 897 bp PCR products using
BsiW1 restriction endonuclease reveal ed distinct
restriction patterns (Fig. 6), the details of which
areincludedin Table 1.
Sequenceanalysis

Sequence analysis of Fowl adenovirus
hexon genewith Blast programme (NCBI) revealed
identity with FAdV 2 (1 samples), FAdV 4 (3
samples), FAdV 8 (1 samples) and FAdV 11 (19
samples). Sequences were also submitted to
Genebank (NCBI) (Table 2). Phylogenetic analysis
of these sequences with FAdV genebank
sequences using Clustal W2 program (Fig. 7)
revealed different clusters of FAdV (group D, E
and C).

Fig 1. Gross lesions of IBH affected chickens. A)
hydropericardium, accumulation of jelly fluid in

pericardial sac, marked hepatomegaly with
haemorrhages. B) Swollen and palekidneys. C) Swollen
liver with diffused haemorrhagic and necrotizing foci
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DISCUSSION

Thegross pathol ogical changes recorded
during this investigation are comparable to the
descriptions made by Gowda and Satyanarayana
(1994), Shane (2000), Chandra et al (2000) and

Table 2. Genebank Accession no. of
FAdV isolates submitted to NCBI

S Genebank Laboratory identity
No. Accession No. of FAdV |solates
1 KR023952 2008 P4
2 KR152221 238D

3 KR338963 411-13A1
4 KR363152 460-13

5 KR559772 398-14 C
6 KR559773 402-14 A
7 KR559775 411-13 A2
8 KR559776 411-13B2
9 KR559777 416-13 A
10 KR559778 430-14
11 KR559779 439-14 C
12 KR559780 484-14
13 KR559781 489-14 A
14 KR559782 496-14 A
15 KR781101 508-14 A
16 KR781102 509-14 A
17 KR781103 510-13
18 KR781104 510-14 D
19 KR781105 514-14 C
20 KR781106 514-14 E
21 KR781107 516-14 A
22 KR781108 544-13
23 KR781109 650-13A3
24 KR781110 675-13 A

L ‘
:r” y
Fig. 2: Hepatocytes with large basophilic intranuclear
inclusion bodies (arrows) (1000x)
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Fig. 3. Cytopathic effect of FAdV in CEL cells. A) Eighty percent confluent CEL cells. B) Typica cytopathic
effects of cell rounding, refractility and detachment of cells at 72 hrs. post inoculation of FAdV

e
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Fig 4: Agarose-gel immunodiffusion of chicken liver
suspension and CEL harvest using FAdV 4 hyperimmune
sera (central well). Peripheral wells contain FAdV 4
liver suspension (positive control), liver suspension
(Sample 1) and CEL harvest (Sample 2)

Fig 6. Restriction endonuclease analysis of the PCR
amplified hexon genefrom representative four types of
FAdV digested with BsiW1. Lane M: 100 bp ladder;
Lane 1: FAdV type 2; Lane 2: FAdV type 4; Lane 3:
FAdV type 8; Lane 4: FAdV type 11

Fig 5: Agarose gel (1.8%) electrophoresis showing
amplified PCR product (897 bp) of field isolates. Lane
M: 1kb ladder; Lane 1-8: PCR product of field isolates;
Lane 9: Positive control; Lane 10: Negative Control
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Fig. 7. Phylogenetic tree based on nucleotide sequence
of hexon gene of FAdV field isolates and sequences
from Gene bank
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Amit Gabaet al. (2010). In few cases, it was also
found that hydropericardium was not apparent.
Similar findingswere earlier reported by Grimeset
al (1977), Cook (1983) and Reeceet al (1986). The
histopathological changes observed in the liver
samples were in accordance with the changes
described by Gowda and Satyanarayana (1994),
Shane (2000), Chandraet al (2000) and Amit Gaba
et. al. (2010) for FAdV diagnosis.

In the present study, the virus could be
successfully propagated in the SPF chicks and
embryos. Samantha Eknayake (2009) also
discussed asimilar pathogenesis pattern of FAdV
in SPF chicks. The infected embryos exhibited
changes comparableto those seenin IBH infected
chicks. Moreover, the virus could be suitably
adapted to grow in the CEL cells as was evident
from the consistent CPE observed in al the positive
samples. Similar changes were reported by
SamanthaEknayake (2009) and Kumar etal. (2010).

As per the findings of our study, PCR
analysis provided accurate detection of FAdV in
both liver samplesand cell culturefluid. The same
set of primersdevel oped by Meulemanset al. (2001)
were also employed by K.B. Thakor et al (2012),
Amit Gabaet al (2010) and Dahiyaet al (2002) for
detection of FAdV. Furthermore, restriction
patterns with BSIW1 enzyme observed in the
present study were in accordance with the RFLP
analysis reports of Meulemans et al. (2001)
excluding FAdV type 11 which showed no
digestion with BSiwl enzyme. Pattern obtained
with FAdV 11 may have appeared due to point
mutation at the cut site of enzyme. PCR products
showing different restriction patterns were
confirmed by sequencing for identification of fowl
adenovirustypes. Also AGID test wasfound to be
useful for detection of the viral antigen. Although
thetest lackshigh sensitivity, itisrelatively smple
to perform and can provide preliminary diagnosis.

The present study accounts the
occurrence of FAdV types2,4,8and 11 inIndian
Poultry. Previously, isolation of FAdV type 4 and
FAdV type 11 from outbreaks of IBH in Indiahave
been reported (Dahiya et al., 2002, Amit Gaba et
al.,2010and K.B Thakor et al., 2012). Shamimet al.
(2009) al so documented the association FAdV type
4AwithHPSin Pakistan.

IBH has been primarily believed to be
associated with FAdV type 4 but the findings of
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our study present a different picture of the
progression of the disease. Accurate diagnosis of
the diseaseis, therefore, of utmost importance. In
our study, different methods were utilized for
isolation and identification of the causative agent
to assess their suitability in providing conclusive
results. Evidence of involvement of different
serotypes of FAdV in the production of IBH
necessitates extensive studies for better
comprehension of the pathogenicity of the above
FAdV typeseither aloneor in synergy. It alsoraises
the possibility of development of improved
vaccines which can confer protection against
multiple types of FAdV. In a nutshell, disease
control strategies have to be reassessed to reverse
theemergence of IBH asamajor threat to the Indian
poultry industry.
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