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Abstract The present study was carried out for detection
and molecular characterization of fowl adenoviruses (FAd-
Vs) associated with hydropericardium syndrome or inclu-
sion body hepatitis in commercial broiler chickens. The
FAdVs were detected in liver samples from 33 commercial
broiler chicken flocks by polymerase chain reaction (PCR)
using hexon gene specific primers. The restriction enzyme
analysis using Styl, BsiWI, Mlul, Aspl, Bgll and Scal
enzymes of all the 33 FAdV-positive samples revealed
FAdV-4in 10 samples, FAdV-8 in five samples, FAdV-2 and
FAdV-12 in two samples each, and FAdV-5 and FAdV-6 in
one sample each. Twelve samples revealed the digestion
pattern for more than one serotypes with FAdV-8 and FAdV-
5, FAdV-8 and FAdV-7, FAdV-8 and FAdV-6, FAdV-8 and
FAdV-12 being the predominant combinations indicating
mixed infection. The serotypes FAdV-2 and FAdV-5 have
not been detected previously in the country. The purified
PCR products of FAdVs of four samples (HR 1, HR 2, HR 3
and HR 4) were cloned and sequenced. Phylogenetic analysis
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revealed that FAdVs of all four samples clustered in separate
groups consistent with the REA pattern. In conclusion, this
study reveals the presence of FAdV-2, FAdV-4, FAdV-5,
FAdV-6,FAdV-7,FAdV-8 and FAdV-12 in broiler chickens
affected with hydropericardium syndrome or inclusion body
hepatitis in India.

Keywords Molecular characterization - Broiler
chickens - Fowl adenovirus - Hydropericardium
syndrome - Inclusion body hepatitis

Introduction

Fowl adenoviruses (FAdVs) belong to the genus Aviadeno-
virus under the family Adenoviridae. The members of Avi-
adenovirus have been associated with a number of disease
conditions including inclusion body hepatitis (IBH), hydro-
pericardium syndrome (HPS), gizzard erosions, proventric-
ulitis and tenosynovitis. The Aviadenoviruses have been
subgrouped into five species based on their molecular
structure and have been further divided into 12 serotypes
based on cross-neutralization tests. The five species of FAdV
including their serotypes are: fowl adenovirus A (FAdV-1),
fowl adenovirus B (FAdV-5), fowl adenovirus C (FAdV-4
and -10), fowl adenovirus D (FAdV-2, -3, -9, and -11), and
fowl adenovirus E (FAdV-6, -7, -8a, and -8b) [6].

Of the various disease conditions caused by FAdVs in
poultry, IBH and HPS are the most important disease
conditions and have been recorded from different parts of
the world including India. All 12 serotypes have been
incriminated in IBH [2], whereas serotype 4 has been
implicated in HPS [9, 11].

Both conventional and molecular techniques are used for
the diagnosis of IBH/HPS. Conventionally, IBH/HPS
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outbreaks are diagnosed on the basis of clinical signs, gross
pathological lesions, histopathology and/or agar gel precip-
itation test [1, 14, 15]. Molecular techniques like polymerase
chain reaction followed by restriction enzyme analysis
(REA) and sequencing have been used for the rapid detection
and differentiation of FAdVs [4, 5,9, 10, 12, 16]. The present
study was undertaken to detect and characterize the FAdVs
from field outbreaks of IBH/HPS in broiler chickens in
Haryana, a north-western state of India, to generate epide-
miological information that could be helpful in the formu-
lation of an effective vaccination strategy.

Materials and methods
Collection of samples

Liver tissue from 40 different flocks of commercial broiler
chicken suspected to be suffering from IBH/HPS were
collected from different parts of Haryana. The tissue
samples from 3 to 4 affected birds in a flock were collected
in 50 % buffered glycerin and were pooled to make a
single pooled sample (hereinafter referred to as ‘sample’).
The samples were stored at —20 °C until used. The initial
diagnosis for IBH or HPS in these 40 flocks was based on
clinical and necropsy findings. Two commonly used vac-
cines (V' and V") were used in this study as positive virus
controls. Liver tissue from an apparently healthy bird was
taken as a negative virus control.

DNA extraction from samples

Total DNA was extracted directly from all 40 samples. For this,
50 mg sample was homogenized in 0.5 ml TNE buffer
(50 mM Tris, 150 mM NaCl and 10 mM EDTA; pH 8.0),
incubated with 1 mg/ml Proteinase K at 37 °C for 30 min
followed by treatment with 0.5 % SDS at 55 °C with gentle
agitation at least for 2 h. Total DNA was precipitated with
ethanol after two rounds of phenol-chloroform extractions. The
extracted DNA was stored at —20 °C till further use in PCR.

Polymerase chain reaction

The PCR was optimized to amplify FAdV hexon gene
sequence of the viral DNA generating PCR product of size
~900 bp using the primer pair as reported earlier [12]. The
primer sequence was: Forward 5CAARTTCAGRCAGACG
GT3' and Reverse 5TAGTGATGMCGSGACATCAT3.
DNA amplification was carried out in a total volume of 50 pl
containing 10 ng total DNA, 20 pmol of each forward and
reverse primer, 200 pM dNTPs mix, 1.5 mM MgCl, and 2.5U
Taqg DNA polymerase. The reaction was carried out in a
thermal cycler (Biometra, UK) with initial denaturation at

94 °Cfor 5 min followed by 35 cycles of denaturation at 94 °C
for 1 min, annealing at 58 °C for 1 min and extension at 72 °C
for 1 min with a step of final extension at 72 °C for 10 min.
The PCR product was analysed in 1.0 % agarose gel.

Restriction enzyme analysis and cloning

The PCR products from positive samples and both vaccines
were purified using QIAquick Gel Extraction Kit (QIA-
GEN). All FAdV positive purified PCR products were sub-
jected to restriction digestion with three enzymes viz. BsiWI,
Styl and Mlul. In addition, Aspl restriction enzyme was used
to differentiate between FAdV-2 and FAdV-12, Bgll
between FAdV-4 and FAdV-9 and Scal between FAdV-7
and FAdV-11. The number of restriction sites and distinctive
restriction patterns in different FAdV serotypes were taken
as criteria for selection of specific restriction enzymes [12].
Purified PCR products from four samples (HR 1, HR 2,
HR 3 and HR 4) were cloned in pGEM®-T Easy vector
(Promega, USA). These four samples belonged to flocks
that showed high mortality. The recombinant plasmid
clones were confirmed by PCR using hexon gene primers
[12] and by restriction enzyme digestion using EcoRI.

Nucleotide sequencing and phylogenetic analysis

The recombinant plasmids containing 900 bp hexon gene
insert of four field samples (HR 1, HR 2, HR 3 and HR 4) were
sequenced in both directions using ABI automated sequencer.
These nucleotide sequences are available in GenBank data
base with accession numbers: HR 1 (HM748590), HR 2
(HM748589), HR 3 (HM748588) and HR 4 (HM748587).

Using Mega 4.0 programme, the forward and reverse
sequences were aligned to make one sequence by ClustalW
method. The aligned nucleotide sequences were truncated
to 144-1041 nucleotide positions [3] and were compared to
previously published sequences of different FAdV sero-
types retrieved from the GenBank/EMBL databases (Sup-
plementary Table 1). The nucleotide sequences were
translated into amino acids (49-346 positions) which cor-
respond to the L1 loop in the CELO strain. Percent
divergence and similarities based on nucleotide and
deduced amino acid sequences were also drawn. Aligned
nucleotide sequences were subjected to phylogenetic
analysis.

Results
FAdVs in clinical samples

As expected a band of ~900 bp was observed in agarose
gel in both V' and V" vaccines and no band at this position
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Table 1 Restriction enzyme analysis pattern of the fowl adenovirus
positive samples

Number of samples Restriction enzyme Serotype(s)
in each category® analysis”

Styl  BsiWl  Mlul
2 - + + FAdV-2
10 + - + FAdV-4
1 + - - FAdV-5
1 - + - FAdV-6
5 - - + FAdV-8
2 - + + FAdV-12
1 +H+ -+ +/4+ FAdV-4 + FAdV-7
1 -+ - +/+ FAdV-8 + FAdV-4
4 -+ - +/-  FAdV-8 4+ FAdV-5
2 - —/+ +/—  FAdV-8 4+ FAdV-6
2 - —/+ +/+ FAdV-8 + FAdV-12
2 -+ -+ +/4+ FAdV-8 + FAdV-7
% +- - +/+ FAdV-4 + FAdV-8
v +- - +/+ FAdV-4 + FAdV-8

4 33 samples were positive for FAdVs by PCR

® Additional REs were used for differentiation between FAdV-2 and
FAdV-12 (Aspl), FAdV-4 and FAdV-9 (Bgll) or FAdV-7 and FAdV-
11 (Scal)

was observed in the negative control. Similarly, a band of
~ 900 bp was also observed in 33 of the 40 field samples
tested indicating them to be positive for FAdVs. No band
was observed in seven field samples indicating them to be
negative for FAdV.

None of the FAdV-positive PCR products could be
digested with enzymes Bgl/l indicating the absence of
FAdV-9 serotype in this study (Table 1). The REA pattern
generated by different enzymes revealed the presence of
only one serotype in 21 samples. The digestion patterns in
the remaining 12 samples revealed the presence of more
than one serotypes (Fig. 1). Both vaccines revealed the
presence of FAdV-4 and FAdV-8 serotypes (Table 1;
Fig. 1).

Four samples (HR 1, HR 2, HR 3 and HR 4) were cloned
and confirmed by PCR and restriction enzyme digestion
using EcoRI. Amplification of single band of 900 bp in
each of the recombinant plasmid and release of 900 bp
fragment after EcoRI digestion confirmed that the recom-
binant plasmid had the correct size and orientation of
insert.

Sequence analysis
Comparison of partial sequences of FAdVs from these four
samples with previously published hexon gene sequences

of FAdVs revealed changes at the amino acid levels
(Supplementary Fig. 1). These included: P128A, N138I,
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GI1518S, L234N, G246T and D266E in sample HR 1 and
1188R, A193R, L2631 and L264V in sample HR 2. Simi-
larly, substitutions at S212I, S244R, G282R, M284K,
L301M, V308A and N314D were observed in sample HR
3. The changes at T76A and E141D were observed in
samples HR 1 and HR 3, and HR 1, HR 3 and HR 4,
respectively. Nucleotide sequence analysis revealed that
the FAdVs of this study had 67.6-95.2 % similarity among
themselves. The FAdV of sample HR 1 had maximum
similarity with FAdV-2 (96.4 %), HR 2 with FAdV-4
(98.2 %), HR 3 with FAdV-8 (96.7 %) and HR 4 with
FAdV-12 (97.7 %).

Phylogenetic analysis based on nucleotide sequence
revealed that all four FAdVs were placed in separate
clusters (Fig. 2). The HR 1 clustered with reference FAdV-
2 P7-A (AAL13218). The HR 2 was closer to FAdV-4
previously reported from other parts [Bangalore
(AY581297), FAdV C (AB551884), 608 (AY581296), PB-
05 (EU931691) and FAdV-4 (FN394664)] than FAdV-4
strain  from  Haryana  (ABT/AD-K54/Haryana-07,;
EU847627). The HR 3 clustered with FAdV-8 (VR 833
A-2A; AAL13221). The HR 4 clustered with FAdV-12
(380; AAL13228), a reference strain and was in a separate
cluster from previously reported FAdV-12 strains from
India [617/AD/02 (AY581276), ABT/AD9/HARYANA-07
(EU847630), ABT/AD83/HARYANA-07 (EU847633)]
(Fig. 2). Clustering pattern indicated that the samples HR
1, HR 2, HR 3, and HR 4 had FAdV-2, FAdV-4, FAdV-8,
and FAdV-12, respectively. The results of phylogenetic
analysis of these four samples were consistent with the
REA pattern.

Discussion

Fowl adenoviruses have been incriminated as etiological
agents for a number of clinical conditions in broiler
chickens, breeder flocks and layers. Among the diseases
caused by FAdVs, IBH and HPS are economically
important. Almost all serotypes of FAdVs have been
reported to cause IBH in broiler chickens [2], while only
FAdV-4 causes HPS. The REA and sequencing have
helped in the identification of FAdV serotypes involved
with these two conditions [10, 12, 13]. The primers
designed from hexon gene have been used in PCR for
detection of fowl adenovirus [5, 13, 16, 22] and amplify all
reference strains of FAdV [12].

Seven field samples that were negative for FAdVs by
PCR were also negative for inclusion bodies by histopa-
thology and for FAdV by AGPT. Since the primers used in
this study can amplify DNA from all the 12 FAdV sero-
types, it is unlikely that the negative results were due to
PCR performance. Another possibility is that the viral load
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Fig. 1 Restriction enzyme
digestion patterns of fowl
adenovirus positive-PCR
products of field samples and
vaccine strains [A=Digestion
pattern with restriction enzyme
Miul, (Lane M=100 bp DNA
marker and lanes 17-33=FAdV-
positive field samples);
B=Digestion pattern with
restriction enzyme Styl (Lane
M=100 bp DNA marker, lanes
V' and V"= Vaccine strains and
lanes 1-16=FAdV-positive field
samples); C=Digestion pattern
with restriction enzyme BsiWI
(Lane M=100 bp DNA marker
and lanes 17-33=FAdV-
positive field samples)

2438 Vv

M 17 18

in the samples was below the detection limit [18]. In the
field, certain disease conditions are associated with
occurrence of IBH. The IBH outbreaks in broiler chicks
and Japanese quail have been reported to be associated
with mycotoxicosis especially aflatoxicosis [21].

19 20 21

17 18 19 20 2122 2324 25 M 26 27 28 29 30 31 32 33

4 5 6 7 M8 9 10 11 12 13 14 15 16

22 2324 25

M 26 27 28 29 30 31 3233 M

The combination of PCR followed by REA allowed
differentiation of FAdVs to species and presumptive ser-
otypes. Based on REA pattern, 36.4 and 48.5 % of the
positive samples had FAdV-4 and FAdV-8, respectively,
indicating them to be the predominant serotypes.
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Fig. 2 Phylogenetic tree based
on nucleotide sequences of the
hexon gene of fowl
adenoviruses. Strain names with
accession number (in bold) are
of the present study, and strain
names with GenBank/EMBL
accession numbers were

311 FAAV 617/AD/02/chicken/India (AY581276)

FAdV-12 ABT/AD9/HARYANA-07 (EU847630)
47 l_ FAdV-12 ABT/AD83/HARYANA-07(EU847633)

—I( FAdV-12 380 (AAL13228)

65 HR 4 (HM748590)

FAdV-6 75-1A-1 (AAL13224)

68

retrieved from database

99 - ‘l__ FAdV-8 A-2A (AAL13221)
84 L HR 3 (HM748589)

FAdV-2 P7-A (AAL13218)
99 l— HR 1 (HM748587)

59

FAdV-3 IBH-2A (AAL13219)

97| FAdV-7 B-3A (AAL13225)

FAdV-11 X11 (AAL13223)

FAdV-10 X-11A (AAL13227)

FAdV-5 T8-A (AAL13222)

FAdV-9 ABT/AD93/HARYANA-07 (EU847635)
66 L FAAV-9 ABT/AD36/HARYANA-07 (EU847629)

FAdV-1 CELO (AAL13217)
l_ FAdV-9 C-2B (AAN77085)
F

0.05

Predominance of FAdV-8 in Canada and the increase in
isolations of this serotype over the years have been
reported [16]. The REA pattern revealed the presence of
FAdV-2, FAdV-5, FAdV-6, FAdV-7 and FAdV-12 sero-
types in addition to FAdV-4 and FAdV-8 in this study.
Overall, FAdV-2, FAdV-4, FAdV-5, FAdV-6, FAdV-7,
FAdV-8 and FAdV-12 serotypes were identified in 2, 12, 5,
3, 3, 16 and 4 samples, respectively. The FAdV serotypes -
1, -3, -9, -10 and -11 were not recorded in the present
study. Various workers from India had identified serotypes
FAdV-1, FAdV-4, FAdV-6, FAdV-7, FAdV-8 and FAdV-
12 from IBH/HPS in poultry from different parts of the
country [17, 19, 20]. However, the presence of FAdV-2 and
FAdV-5 serotypes has not been reported previously. Ear-
lier, only serotypes FAdV-4 and -8 were considered to be
involved in cases of HPS and IBH, respectively [11].
Identification of serotypes other than FAdV-4 and FAdV-8
in this study suggests their possible role in causation of the
disease.

Mixed infections with two or more adenovirus serotypes
have been described before [12, 19]. In the present study,
12 of the 33 FAdV positive samples contained two
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AdV-4 ABT/AD-K54/HARYANA-07(EU847627)
FAdV-4 (FN394664)

FAdV-4 PB-05 (EU931691)

FAdV-4 608 (AY581296)

FAdV-4 Banglore (AY581297)

HR 2 (HM748588)

FAdV Pal2010 (AB551884)

FAdV-4 (AF154246)
16 | FAdV-4 J2-A (AAL13220)

serotypes indicating mixed infections with different sero-
types during same outbreak. Mixed infections of FAdV-1
and FAdV-8, and that of FAdV-7 and FAdV-1 have been
reported earlier in IBH affected flocks [8, 16]. It is not
clearly understood whether the presence of two serotypes
has any effect on the severity of clinical disease. Detection
of multiple serotypes in a flock may be important; one
serotype may act as reinforcing factor for the other sero-
type or both serotypes may act simultaneously to produce
additive or synergistic effects. The occurrence of two or
more serotypes from a single outbreak/flock indicates that
there may be little cross protection among serotypes [8].
Further studies are needed to determine the serologic
relationships among these serotypes and to identify levels
of cross-protection that may or may not exist among these
serotypes.

The vaccines used as positive control in this study
contained only FAdV-4 and FAdV-8. It is not known
whether these vaccines will accord full protection against
challenges with serotypes other than FAdV-4 and FAdV-8.
Further studies are needed to determine the nature of ser-
otypes other than FAdV-4 and FAdV-8 as far as their
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pathogenicity and virulence are concerned. Such studies
will be helpful in determining if modification of current
vaccines is necessary for better protection.

The phylogenetic analysis has shown consistent results
when compared with the REA. Based on REA pattern and
phylogenetic analysis, the HR 1, HR 2, HR 3 and HR 4
were found to contain FAdV-2, FAdV-8, FAdV-4 and
FAdV-12, respectively. The results of nucleotide sequence
similarity of this study are consistent with earlier report of
Ganesh et al. [7]. High degree of variation was reported to
be due to shift in reading frame caused by deletions in
nucleotide sequences [7].

In conclusion, this study reveals the presence of FAdV
serotypes -2, -5, -6, -7, and -12 in addition to FAdV-4 and
FAdV-8 in broiler chickens suffering from IBH or HPS.
The role of these serotypes (except FAdV-4 and FAdV-8)
in the severity of IBH or HPS needs to be elucidated fur-
ther. Further studies are also required to determine whether
the commercial vaccines would be able to accord protec-
tion against FAdV serotypes other than FAdV-4 and
FAdV-8. Such studies can help in minimizing economic
losses to poultry farmers as both diseases can cause con-
siderable mortality.
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