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Abstract:

Fowl aviadenoviruses (FAdV) have gained increasing attention
recently in Egypt and worldwide. They are the primary etiology
of many widespread diseases. Among these diseases, inclusion
body hepatitis (IBH). Many outbreaks of IBH have been
documented in the last few years across the country, causing
significant economic losses to the Egyptian poultry sector. This
study was established to identify FAdV from field outbreaks of
IBH in commercial broiler farms in North Sinai province during
the period from May 2016 till December 2017. Affected birds lie
on their sides with reduced feed intake, depression, ruffled
feathers, pale comb and facial skin. While the most common
postmortem lesions were hydropericardium, yellowish enlarged
liver with ecchymotic hemorrhages, pancreatitis, and enteritis.
Histopathological examination of liver samples collected at
different stages of infection showed multifocal necrosis,
extensive congestion with inflammatory cellular infiltration. The
presence of intranuclear inclusion bodies (INIB) was variable
among samples. FAdV were detected in liver samples from
eleven flocks out of the fourteen examined by real-time
polymerase chain reaction (real-time PCR) using commercial
kits with differences in viral load among samples. DNA samples
from four flocks that exhibited the highest fluorescence curve
altitudes were subjected to conventional PCR targeting the hexon
loop-1 gene for genetic characterization purpose. Sequencing of
the four specific PCR products and phylogenetic analysis of the
sequences showed that the four isolates (Sin-1, Sin-2, Sin-3, and
Sin-4) were clustered into serotype-2, FAdV-D species. The
strains in this study are sharing 99.82%, 99.63%,99.60%, and
98.2% nucleotide identity with FADV-2 (species D) strains from
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Israel, Japan, Egypt, and Canada, respectively. This study
provides epidemiological data that could be useful in the design
of an appropriate prevention strategy.

Keywords: Fowl aviadenoviruses, hexon, inclusion body hepatitis,
phylogenetic analysis, real-time polymerase chain reaction.

Introduction

Fowl aviadenoviruses
(FAdV) play a major role as
primary pathogens affecting the
poultry industry since they are
involved in a variety of clinical
diseases that are becoming
increasingly important across the
world. (Schachner et al., 2018).
Serological and  virological
surveys indicate that FAdVs are
widely distributed in avian species,
infection is demonstrated in both
sick and healthy birds (Adair and
Fitzgerald, 2008). FAdVs are
Sdifferent species (A, B, C, D, and
E) within the genus Aviadenovirus
of the family Adenoviridae.
FAdVs species are subdivided into
12 distinct serotypes(FAdV-1 to
FAdV-8a and FAdV-8b to FAdV-
11) based on serum neutralization
tests (Hess, 2000). Adenoviruses
are non-enveloped, icosahedral in
symmetry, with precisely
hexagonal outlines, measuring 70-
90 nm in diameter. The genome
involves a linear, double-stranded
DNA molecule, 26-45 kbp in size
(Hess et al.,, 1995). The viral
capsid is made up from 252
capsomers (240hexons  and
12pentons). Hexons occupy the

facets of the capsid while, pentons
cap the vertices (Russell, 2009).
The hexon comprises conserved
regions (pedestals, P1 and P2) that
are situated deeper within the
virion in addition to variable loops
(LY to L4) that are more
superficial. The variable loops
hold type-specific neutralizing
epitopes that provide the basis for
the classification of adenoviruses
into serotypes that are currently
known (Adam et al., 1998; Ebner
et al., 2005; Toogood et al., 1992).
PCR for molecular detection of
hexon genes is the principal
technique of detection of FAdVs
nowadays, while earlier
approaches such as viral isolation
on cell cultures or embryonated
eggs, serotyping using virus
neutralization test, in addition to
tissue staining using
immunohistochemistry are still
used in certain laboratories
(Fitzgerald et al., 2020). In Egypt,
tangible efforts were exerted to
investigate FAdVs throughout the
country, especially after the
increased prevalence in the last
few years (El-Basrey et al., 2020;
El-Tholoth and Abou EI-Azm,
2019; Elbestawy et al., 2020;
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Radwan et al., 2019; Sultan et al.,
2021). In this study, 14 broiler
flocks during the period from May
2016 to December 2017 from
different regions in North Sinai
province  were investigated
clinically and grossly. Seven
flocks aged between 4-7 days, with
a mortality rate ranging between 8-
13%, while the other 7 aged
between 23-26 days of age, with a
mortality rate ranging between 3-
7%) Samples for histopathology
and molecular examinations were
collected in different stages of
infection. Molecular studies were
included real-time PCR,
conventional PCR and sequence
analysis for the suspected FAdV
that caused IBH. Real-time PCR
using commercial kits was used for
screening then, conventional PCR
was done for selective samples.

Sequencing followed by
phylogenetic analysis of the
specific PCR products were

performed to identify the strain(s).
The partial hexon gene sequences
of the 4 strains in this study (Sin-1,
Sin-2, Sin-3, and Sin-4) were
submitted to the NCBI GenBank

under accession numbers
(OK634389, 0OK634390,
OK634391, and OK634392)

respectively.

Materials and methods

Samples

Liver samples from 14 different
commercial broiler flocks (5

pooled samples from each flock)
suspected to have IBH infection
from different areas of North Sinai
province during the period from
May 2016 till December 2017
were collected at the 2" to 5" days
of infection (4 samples), on the 71"
day of clinical signs (5 samples),
and at the end of the broiler
production cycle (5 samples).
Samples were transported in 50%
buffered glycerin on ice and stored
at -20 °C until processing for PCR
assays. Moreover, samples from 9
flocks out of the 14 investigated
were also collected at different
stages of clinical signs (3 samples
at the beginning of signs at 2nd,
3rd, and 4th day; 4 samples on the
7" day of clinical signs; and 2
samples at the end of production
cycle after recovery) and fixed in
10% formalin  solution  for
histopathological investigations.
The age of birds at the onset of
clinical symptoms varied from 4-
26 days old with mortality rates
ranging from 3-13%. Clinical
signs and postmortem (PM)
lesions were suggestive of IBH.

Histopathology

Histopathological examination
was performed at the pathology
unit at the Reference Laboratory
for Veterinary Quality Control on
Poultry Production Animal Health
Research Institute, by using
routine stain: a Hematoxylin and
Eosin (H&E) staining as described
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by (Feldman and Wolfe, 2014).
The stained slide was then
examined under a light microscope
using X10, X20, X40, and X63
magnification powers to observe
the pathological changes in tissue
samples. Histological photos were
taken by using Leica EC3 digital
camera.

Extraction of nucleic acid

The entire DNA was extracted
directly from all samples. DNA
extraction kit (QlAamp DNA Mini
Kit, QIAGEN, Hilden, Germany)
was used  following  the
manufacturer's directions. Then,
measurement of DNA
concentration was done using
Thermo  Scientific  NanoDrop
2000, Applied Biosystems. The
extracted DNA was stored at -
20°C until used in PCR studies.
Real-time PCR

The real-time PCR was performed
using the Applied Biosystem 7500
thermal cycler machine (Applied
Biosystem Thermo  Scientific,
USA) and by using Kylt® kits for
fowl Adenovirus qPCR (Batch
no.19 gFAdV:02 - Cat.N0.31745)
by adding 16 pl of the ready-to-use
Reaction-Mix, 4 ul of the Negative
Control, 4 pl of DNA preparation,
and 4 pl of the Positive Control.
The reaction starts at 95 °C for 10
minutes for polymerase enzyme
activation. Afterward, 42 cycles of
(denaturation at 95 °C forl5
seconds then annealing &
extension at 60 °C for 1min) were

carried out. Samples with a Ct
value <39 was considered positive.
Conventional PCR

The conventional PCR assay was
carried out through amplification
of a portion of theloop-1 hexon
gene using the primer pairs:
Forward (5'-CAA RTT CAG RCA
GAC GGT-3’) at the position 144—
161 nt. And Reverse (5'-TAG
TGA TGM CGS GAC ATC AT-
3") at the position 1041-1021 nt.
produced specially by SIGMA-
ALDRICH®, generating PCR
product of the size of
approximately 900 bp as described
by (Mittal et al., 2014; Xia et al.,
2017). The whole volume was 50
pl containing 10 ng of DNA, 200
puM dNTPs mix, 20 pmol of each
primer, 2.5U Taq polymerase, and
1.5 mM MgCI2. The reaction has
been performed in a thermal cycler
(Biometra, UK). The initial
denaturation  temperature  was
94°C for 5 minutes. After that,35
repeated cycles of denaturation at
94 °C for 1 min, annealing at 58 °C
for 1 min and extension at 72 °C
for 1 min were achieved then a
final extension step at 72 °C for 10
min. Agar gel (1.5 %) was stained
by ethidium bromide in which, the

PCR products were
electrophoresed in the presence of
250bp plus ladder and
photographed by gel

documentation system (Biometra,
Germany).
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DNA purification and Partial
hexon gene sequencing
Purification of the amplified PCR
products was performed by the use
of the QIAquick Gel Extraction kit
(QIAGEN) according to
manufacture instructions then the
purified PCR products were
sequenced in both directions by
using genetic analyzer machine
3130 (Applied Biosystems, USA)
at Colors Medical Lab, EI-Maadi,
Cairo, Egypt.

Genotyping and phylogenetic
analysis

The phylogenetic analysis was
applied with Mega X. version-10
software, for alignment of the
nucleotide sequences of the partial
hexon loop-1 gene of the 4 samples
obtained in this study, and the
phylogenetic tree was created for
the 4 samples in our study in
comparison to the available strains
in the GenBank database via
neighbor-joining method;
bootstrapping at 1000 repeats.

Results

Clinical and postmortem
examination

Suspected flocks show sick birds
lie on their sides with reduced feed
intake, depression, ruffled
feathers, pale comb and facial skin
and die within 48 hours. The
mortality curve takes about one
week then recovered birds may
show severe growth retardation
and immune suppression.PM

453
examination revealed
hydropericardium, liver
enlargement  with  yellow-tan
discoloration and ecchymotic

hemorrhages, Pancreatitis,
Pneumonia, marbled spleen, Pale
enlarged kidneys, enteritis, and
ascites in severe cases (figure 1).
Histopathology

All samples collected during the
course of infection revealed
varying degrees of histological
liver lesions mostly, multifocal
necrosis, and extensive congestion
with inflammatory  cellular
infiltration. The presence of
intranuclear inclusion bodies was
variable among samples. Samples
collected early on the 2" and 3
days of clinical signs did not show
any inclusions, but severe vacuolar
fatty degeneration, hemorrhages,
and congestions are the most
predominant findings figure (2).
The one sample collected on the 4™
day of clinical signs showed few
INIB figure (3). The 4 samples
collected at the sub-acute stage of
infection on the 7" day of clinical
signs showed a large Basophilic
INIB figure (4). The last 2 samples
collected after recovery at the end
of the production cycles showed
normal liver tissues Figure (5).
Real-time PCR

FAdVs were detected in liver
samples from 11 flocks out of the
14 examined by real-time PCR
using commercial Kits. The results
of fluorescence curve altitudes
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were variable indicating the
differences in viral load among
samples. The 4 liver samples
collected in per-acute and acute
stages of infection (2"%-5" days of
infection) revealed the highest
fluorescence  curve  altitudes
indicating the highest viral load
Figure (6). Of these 4 samples, 3
samples (75%) were from flocks
that get infected at 4, 6, and 7 days
old while, 1 sample (25%) was
from a flock that exhibited clinical
signs at 26 days old. The remaining
7 positive real-time PCR samples
were collected on the 7" day of
clinical signs (5 samples) and at
the end of production cycles (2
samples) were expressing lower
fluorescence curve altitudes Figure
(7). The cycle threshold (Ct)
values of the eleven positive
samples are presented in table (1).
Of the 14 tested, 3 samples
collected at the end of production
cycles after recovery were
negative by real-time PCR.
Conventional PCR

A band of approximately 900 bp
was detected in the 4 samples
amplified in conventional PCR as
shown in figure (8).

Gene sequence alignment and
phylogenetic analysis

The Purified PCR products of the
four positive samples were
sequenced in both directions.
Phylogenetic analysis according to
the acquired sequences was used to
categorize the four FAdVs isolates
into serotype 2 (species D). The
partial hexon gene sequences of
the 4 strains in this study were
submitted to the NCBI GenBank

under accession numbers
(OK634389, 0OK634390,
OK634391, and OK634392)

respectively. The relationships, as
well as similarities of the partial
hexon gene sequences attained in
this research, were compared with
the previously published strains
available in the GenBank shown in
table (2).

The strains in this study are sharing
99.82%, 99.63%,99.60 and 98.2%
base identity with loop-1 hexon
gene sequences of FADV-2
(species D) of (MT759842.1),
(MK572870.1), (MH782426.1)
and (MG832884.1) of Israel,
Japan, Egypt, and Canada
respectively. The phylogenetic tree
was created as offered in figure (9).
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Figure (1): A: Hydropericardium with yellowish enlarged liver of 4 days
old chick. B: hydropericardium with an enlarged liver of 25 days old
broiler. C: Swollen yellow-tan discolored liver with ecchymotic
hemorrhages. D: Pancreatitis with mottling surface. E: Pneumonia. F:
Spleen with faint marbling appearance. G: Pale, enlarged kidneys, and pale
spleen. H: Enteritis, ramified blood vessels are seen from the serosal
surface. I: Ascites in a severe case.
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Figure (2): A: X10 H&E liver tissue on 2" day of clinical signs showing
severe vacuolar fatty degeneration, hemorrhages, congestion of hepatic
sinusoids (upper right arrow), and leukocytic infiltration (2 left arrows).
Note absence of intranuclear inclusions. B: X20 H&E liver tissue on the
3" day of clinical signs showing fatty change, congestion of hepatic
sinusoids, and leukocytic |nf|Itrat|on also Wlth the absence of INIB.

Figure (3): X63 H&E I|ver tissue on the 4™ day of the start of the high
mortality rate showing s vacuolar degeneration, hemorrhages, with few
basophilic INIB (black arrows).

Figure (4): X10, X20, and X4O H&E I|ver tlssue samples on the 7" day of
clinical signs showing large multiple basophilic INIB.
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Figure (5): 2 samples 10x H&E collected after recovery showing normal
liver tissue.
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Figure (6): Amplification plots of the highest four fluorescence curve
altitudes samples
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Figure (7): Amplification plots of seven real-time PCR positive samples
with low curve altitudes.
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Table (1): Cycle threshold (Ct) values of the 11 real-time

positive samples

Sample ID Cycle threshold (Ct)
B1 20
B> 22
Z1 26
Ay 28
Bs 30
B4 30
Bs 30
Bs 32
Aq 32
Az 34
Az 34

900 bp
approx.

250b
1000

bp

Figure (8): Agar gel electrophoresis of the amplified products of the
partial hexon gene.
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Table (2): FAdVs strains with GenBank accession numbers used in
sequence analysis of partial hexon gene.

GenBank
Genotype | Serotype Isolate (Strain) accession Country

number
FAdV- C FAdV- 4 SCdI1602 KY927937.1 China
FAdV- C FAdV- 4 4158 HM592284.1 Italy
FAdV-A  FAdV-1 CELO EU979367.1 = Australia
FAdV- B FAdV- 5 340 EU979371.1 | Australia
FAdV- B FAdV- 5 340 AF508952.2 Belgium
FAdV-D FAdV-9 764 AF508958.2 | Belgium
FAdV-E = - USP401-4B/Brazil/2010 JF288950.1 Brazil
FAdV-E |  ---- USP401-6B/Brazil/2010 JF288951.1 Brazil
FAdV-D FAdV- 9 A02 EU979376.1 = Australia
FAdV-D FAdV- 3 75 AF508949.1 | Belgium

FAdV- D FAdV-3  23548/t/263/2010 Debrecen KC750797.1 = Hungary

FAdV-D FAdV- 11 Indovax_FadvD_RP18 MN540445.1 India
FAdV- D FAdV- 11| Indovax_FadvD_KHR_17 MNb540444.1 India
FAdV-D FAdV-11| Indovax_FADV_mhr_17 | MN537891.1 India
FAdV- D FAdV- 11 Indovax_FADVD_LT- MN537890.1 India

BL 18
FAdV-D = FAdV- MG832884.1 = Canada
2

FAdV-D FAdV-2 08-9513 MK572870.1  Japan
FAdV-D | FAdV-2 GB591 MK572868.1  Japan
FAdV-D | FAdV-2 | e AM407391.2  Austria
FAdV-D | FAdV-2 dmn2 MH782424.1 = Egypt
FAdV-D FAdV-2 kfra MH782426.1  Egypt
FAdV-D | FAdV-2 bst11 MH782423.1 = Egypt

FAdV-D  FAdV-2 1S/3346/2020 MT759842.1 Israel
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Figure (9): Phylogenetic tree for the nucleotide sequence of partial hexon
gene sequences, using Mega X software at 1000 bootstrap.

Discussion

Fowl aviadenoviruses (FAdV) are
widespread all over the world.
Domesticated fowls of all ages
may acquire infection, while other
bird species appear to be
vulnerable to infection with FAdV
besides their adenovirus serotypes.
(Hess, 2020). During the last two
decades, IBH epidemics have been
recorded in different geographic

localities with increasing numbers
proposing ubiquity spread of the
disease worldwide, the main cause
were FAdVs of the serotypes
FAdV-2, FAdV-11 (species D),
and FAdV-8a and FAdV-8b
(species E) (Schachner et al.,
2018). Vertical transmission is
involved in the spreading of FAdV
infection and FAdVs themselves
can result in compromised
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immune response in  young
broilers ~ which  are  more

susceptible to infection especially
in the absence of maternal
antibodies (Schachner et al.,
2021). In Egypt, interest in the
molecular characterization of the
virus has increased in the past few
years from field outbreaks in many
regions of the country (El-Basrey
et al., 2020; EI-Tholoth and Abou
El-Azm, 2019; Elbestawy et al.,
2020; Radwan et al., 2019; Sultan
et al.,, 2021). In our research,
mortality rates and clinical signs
were similar to that of IBH
described previously by Ismahane
et al. (2015). PM lesions were
typical lesions of IBH infections in
chickens (Grimes et al., 1978;
Wibowo et al., 2019).
histopathologically, although
intranuclear inclusion bodies INIB
are considered pathognomonic for
adenoviral infections (McFerran
and Smyth, 2000), the collection
of samples at different stages of
infection showed a marked
variation in their presence, which
made its reliability to confirm
infection was not accurate enough.
INIB were not present at very early
stages in per-acute infections,
samples collected at 2" and 3" day
of mortality raise revealed severe
vacuolar  fatty  degeneration,
hemorrhages, congestions, and
inflammatory cells infiltrations but
did not show any inclusions,
although both samples were

positive for FAdVs in real-time
PCR with high viral load. Dense
basophilic inclusions are observed
clear and abundant in samples
collected on the 7 day of clinical
signs. No inclusions  were
observed in liver samples
collected at the end of the
production cycle after recovery
from infection. These findings
were identical to the results
reported earlier in the field study
and confirmed by experimental
infection by EI-Meligy et al.
(2002). Real-time PCR was
proven for the detection and
quantification of all FAdV species
with  high  efficiency and
sensitivity even in low viral load in
cloacal swabs (Gunes et al.
(2012). In this study, FAdVs were
detected in liver samples from 11
flocks out of the 14 examined by
real-time PCR using commercial
kits. The results of fluorescence
curve altitudes were variable
indicating the differences in viral
load among samples. Since the
real-time PCR technique used in
the study is highly sensitive for all
FAdV serotypes, It is doubtful that
the three negative results were
caused by poor test performance.
The most likely probability is that
after recovery of the birds, viral
load decreases dramatically in the
liver  together  with  tissue
regeneration (Matos et al., 2016;
Steer et al., 2015). The gene most
commonly used for the detection
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of FAdVs in PCR studies is the
hexon gene (Raue & Hess, 1998;
Xie et al., 1999). In our research, a
900 bp band was noticed for the 4
samples amplified in conventional
PCR using primers targeting the
hexon loop L1 gene as described
by Mittal et al. (2014) and Xia et
al. (2017). Moreover, sequencing
of the specific PCR products and
phylogenetic analysis using Mega-
X software were carried out. Then,
a neighbor-joining-based
phylogenetic tree was constructed
using the sequences previously
mentioned. The results elucidated
that the four FAdVs isolates in the
study were clustered into serotype-
2, FAdV-D species. The results
revealed that our 4 strains were
sharing 99.82%, 99.63%,99.60,
and 98.2% base identity with loop-
1 hexon gene sequences of FADV-
2 (species D) of (MT759842.1),
(MK572870.1), (MH782426.1),
and (MG832884.1) of Israel,
Japan, Egypt, and Canada
respectively. Serotype FAdV-2
and species FAdV-D was also
isolated from commercial poultry
flocks in Egypt indicating its
continuous circulation in different
geographic areas of the country
causing significant losses (EI-
Basrey et al.,, 2020; EI-Tholoth
and Abou El-Azm, 2019;
Elbestawy et al., 2020).

Conclusion

The FAdV-2 (species D) was the
causative agent of IBH in broiler
chickens in North Sinai province
during the period from May 2016
till December 2017 with the
opportunity to cause several
outbreaks. Real-time PCR is a
highly sensitive, specific, and
rapid diagnostic aid for the
identification and quantification of
FAdVs. Further investigations are
essential to  determine  the
epidemiology of the FAdVs in
different geographic areas in
Egypt which could be important to
give an integrated picture that
helps in prevention efforts.
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