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Abstract

OWL adenoviruses recently became a hot topic for most Egyptian researchers and investigators,

where the Egyptian poultry industry suffered from several outbreaks of fowl adenovirus (FAV)
attacks in commercial broiler flocks. As vertical transmission from the parent flock represents the
most common infection, the present study aimed to investigate the molecular characterization of FAV
species isolated from commercial broiler breeder flocks in northern Egypt from 2021 to 2023. Organ
samples and swabs from 10 breeder flocks have been examined in real-time. Quantitative reverse
transcription polymerase chain reaction (RT-qPCR) revealed positivity for fowl adenovirus, with
variable PCR cycle threshold (CT) values ranging from 10 to 36. The loopl (L1 regions) on the hexon
gene of the ten positive samples have been amplified by conventional PCR, which resulted in only
three positive samples at molecular size 800 bp, and only one representative PCR product has been
sequenced for the L1 region. The genetic characterization revealed the first record for the existence of
serotype 7 of FAV-species E in Egypt. The sequenced sample is similar to strain 12-10101 with an
identity of 97%.
Histopathological examination revealed inclusion body hepatitis associated with abundant apoptosis,
hydropericardium , myocarditis, pancreatic acinar cell necrosis, glomerulonephritis, and acute tubular
necrosis. FAV antigen was demonstrated in examined tissues using avidin-biotin-peroxidase.
Inaddition, cleaved caspase-3 immunohistochemical staining revealed strong positive immune
reactivity in the liver, pancreas, and kidneys. Proliferating cell nuclear antigen (PCNA) immune
staining revealed positive immune reactivity in the regenerating renal tubules.
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Introduction

Fowl adenoviruses (FAdV) are common infectious
agents in poultry. Although fowl adenoviruses can
normally be isolated from healthy avian hosts, they
also act as primary pathogens in a variety of avian
species, including chicken, quail, and turkey. In
chickens, avian adenoviruses are the causative agents
of two diseases: inclusion body hepatitis (IBH) and
hydropericardium syndrome (HP).

Adenovirus is a double-stranded DNA, non-
enveloped, icosahedral virion with a diameter
ranging from 70 to 90 nm and 252 capsomeres with a

special arrangement [1].The main structural proteins
are hexon (I1) and fibre (1), with a penton base (I11)
linked by non-covalent bonds, and minor proteins IX,
Va2, VI, Illa, and VIII [2].

Members of the Adenoviridae family are
classified into five genera based on their genome
sequence: siadenovirus, Mastadenovirus,
Aviadenovirus, Atadenovirus, and ichtadenovirus
[3,4]. The genus Avianadenovirus is classified
serologically into 12 serotypes, including 1-7, 8a, 8b,
and 9-11, clustered into five groups (A-E) on a
molecular basis [5].All serotypes have a direct
relationship with inclusion body hepatitis (IBH)
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outbreaks [6]. FAdv can be transmitted vertically or
horizontally [7]. Cross-protection between different
serotypes has a narrow range [8].

Chicken breeds can affect the mortality and
severity of FAdV infections [7]. The most well-
known broiler breeds in Egypt are Indian River,
Cobb, Hubbard, Arbour Acres, and Ross from the
most international breeders' companies [9].

Fowl adenoviruses have been recorded all over
the world [1]. In Egypt, there have been many
records for different serotypes of FAdVs. The
dominant serotypes 2 and 11 of species D have been
recorded in commercial broilers in most studies in
Egypt [10, 11, 12, 13] .

Serotype 8a of species E was isolated from a
broiler flock[14],and it was recorded in other broiler
flocks during 2019-2020 [13].The most important
pathogenic serotype 4 has been recorded as a sole
case in a broiler flock in Egypt in 2021 [15].The
other serotypes, including 1, 3, and 8b, have been
detected in different broilers, breeders, and layer
flocks as a result of passive surveillance
accomplished in all the governorates of Egypt during
2019-2020[13].

The current study aims to investigate the
molecular, histopathological, and
immunohostochemical characteristics of the fowl
adenovirus,Serotype 7-Species E Strain, in broiler
breeder flocks (Avian 48 and Indian River) breeds in

Egypt.
Material and Methods

Sampling and epidemiological data

During 2021 - 2023, several FAV outbreaks were
reported in broiler and broiler breeder flocks in
Egypt. Ten commercial broiler breeder flocks, of
different ages and localities (Behera , Menofia,
Alexandria and Marsamatroh) , were submitted for
investigations. These flocks revealed a sudden onset
of mortalities exceeding the normal mortality
percentage related to the breeder's standard
catalogues. The detailed data of these broiler breeder
flocks, including location, flock age, breeds,
stocking, and number of samples, is illustrated in
(Table 1). Fifty freshly dead birds were examined,
and post-mortem lesions were recorded. Tissue
samples from the heart, liver, kidney, and pancreas
were obtained and divided into two parts. The first
part was kept on ice and transported to the Reference
Laboratory for Veterinary Quality Control of Poultry
Production, Dokki-Giza (R.L.Q.P.) for molecular
characterization of FAdV, the second part was
preserved in a 10% neutral buffered formalin
solution for histopathological examination.

Ethical approval

All samples were collected under the permission
of the local license from the Institute Animal Care
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and Use Committee (IACUC). Faculty of Veterinary
Medicine, Cairo University, Egypt

Vet CU 25122023809.
Molecular detection and analysis of fowl adenovirus
Extraction of viral nucleic acid

The viral nucleic acid was extracted using the
QlAamp mini elute spin kit (Qiagen, GmnH,
Germany, Cat. No. 57704), following the
manufacturer’s instructions: 200 I of the swab sample
fluid or tissue homogenate supernatant were
incubated with 200 I of AL lysis buffer and 25 | of
Qiagen protease at 56 oC for 15 min. Then, 250 pl of
absolute ethanol was added to the lysate. The mixture
was then washed and centrifuged. Nucleic acid was
finally eluted with 100 pl of elution buffer.

Real-time qPCR for detection of fowl adenovirus

The extracted nucleic acid in ten suspected
samples was examined by real-time gPCR for
detection of fowl adenoviruses, following the
instructions of KyltFAdv, Art .N0.31744.

Amplification of nucleic acid using conventional
PCR

Conventional polymerase chain reactions (PCR)
were performed using specific primers for the L1
region of the hexon gene of fowl adenoviruses
[13].The nucleotide sequences of these primers are
adeno-F- 5'-
ACATGGGAGCGACCTACTTCGACA-3' and
adeno-R- 5-TCGGCGAGCATGTACTGGTAAC-
3'"PCR was accomplished by EmeraldAmp Max
PCR Master Mix (Takara, Japan) using the following
conditions:A 25- pl total volume of PCR reaction
included 12.5 pl of EmeraldAmp Max PCR Master
Mix, 1 pl of forward and reverse primers (in working
concentration 20 pmol), 6.5 ul of PCR grade water,
and finally added 3 pl of extracted DNA. The
reactions were run in the Biometra T3000 thermal
cycler in these steps: denaturation step at 95 OC for 5
min, then 35 cycles were run as follows: Secondary
denaturation at 94 OC for 30 sec., annealing at 60
OC for 45 sec., and extension at 72 OC for 1 min.,
then a final extension step at 72 OC for 10 min.

Sequencing of the Loop1 region of hexon gene

The amplified PCR products with the appropriate
size were subsequently purified using a QlAquick
Gel Extraction Kit (QIAGEN, Hilden, Germany, Cat.
No./ID: 28704). The purified PCR products were
subjected to sequencing reactions using a Big Dye
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, Cat. No. 4337455)
According to the manufacturer, the reaction product
was purified by exclusion chromatography in the
DyeEX 2.0 Spin Kit (50) (Cat. No.: 63204). The
recovered materials were sequenced using a 3500 XL
DNA Analyzer (Applied Biosystems).
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Sequence analysis and Phylogeny of the Loop1 of
hexon gene

BioEdit version 7.0 [16]was used for multiple
sequence alignment by the ClustalW method and per
cent identity  matrices  between  different
viruses.Neighbour-joining Phylogenetic trees were
constructed using the distance-based method in
MEGA version 11 [17], with a bootstrap of 1000
replicates. The trees included the sequenced samples
from this study plus the sequences of strains for the
serotypes of adenoviruses downloaded from
Genbank (NCBI).

Histopathological examination

Tissue specimens from the liver, heart,
pancreas, and kidneys were fixed into a 10%
neutral buffered formalin solution and kept at
room temperature for 2448 hours. Specimens
were subjected to the traditional paraffin-
embedded technique for tissue processing.
Samples were dehydrated in ascending
concentrations of ethanol, cleared in xylene,
sectioned to 4 um thickness, and slide sections
stained by hematoxylin and eosin (H&E)
examined under light microscopy [18].

Immunohistochemical analysis
Preparation of the hyperimmune serum

FAV hyper-immune serum was prepared in two
female Newzeland white rabbits weighing 3.5-4 kg
[20] using the FAV whole virus inactivated vaccine
under the commercial name Dolguban-H oil
inactivated vaccine (KBNP, INC., Korea). The
experimental procedures were carried out in the
experimental animal house of the Central Laboratory
for Evaluation of Veterinary Biology (CLEVB),
Abbasia, Egypt.A control blood sample of 5 ml was
obtained first, followed by immunization schedules.
After the vaccine reaches room temperature, under
the umbrella of tranquillizer accompanied by local
anaesthesia of the injection site, the schedule is
followed by subcutaneous injection of 0.5 ml/dose in
the first week, up-dose titration to 1 ml/dose after 14
days from the first immunization, and then 1.5
ml/dose in the fourth and fifth weeks of the
experiment. Ten days later, a blood sample of 10 ml
was aseptically collected from the marginal ear vein
under sedation in a tube, after blood clot formation
by centrifugation at 2700 rpm, and then kept in the
refrigerator [20]. Serum antibody titer was tested by
FAdv ELISA CK 132, manufactured by Biocheck
(UK), serial number FS8226, manufactured date:
May 11, 2021, expiry date: May 5, 2022, and
procedures were followed according to the
instructions of the manufacturer [21]. After the
detection of a high level of antibody titer, rabbits
were humanely euthanized, and hyperimmune serum
was collected and used in avidin-biotin

immunohistochemical staining for the detection of
the viral antigen in the tissues [20,21].

Immunohistochemical examination

Immunohistochemical staining for  the
demonstration of fowl Adenovirus particles, caspase-
3 activity (an apoptotic marker), and PCNA (a
proliferation marker) was carried out as described by
[22,23].Briefly, the paraffin-embedded tissues were
sectioned on positively charged glass slides at a size
of 4 microns, deparafinized, and rehydrated with
graded concentrations of alcohol. After that, the
sections were blocked by using a 3% hydrogen
peroxide solution (H202). The sections were then
incubated with anti-fowl Adeno antibody (dilution
1:200), anti-caspase-3 antibody (Enzo Life Science,
Cat. No. ADI-APP-113, RRID: AB_10615972,
USA), and mouse monoclonal anti-PCNA antibody
(ABIN214368, antibodies-online, USA). The
immune reaction was visualized using
diaminobenzidine (DAB).

Results and discussion

Molecular analysis of the fowl adeno virus
Real-time qPCR

The suspected ten samples examined by real-time
gPCR showed positive results with various Ct values,
as shown in Table (2).

Conventional PCR

The positive samples were amplified by
conventional PCR for the L1 region of the hexon
gene, and the results showed positive for only three
samples that had the earlier ct values in real-time
gPCR.

Sequence of Loopl-region of Hexon gene

The phylogenetic tree of the nucleotide sequence
illustrated in (Fig. 1) revealed that the detected virus
was genetically related to FAdV-species E and
definitely more related to serotype 7.

Sequence analysis of Loop1-region of Hexon gene

Comparing our target virus with other viruses
related to the different species of FAdV, we found
that our target virus was highly similar to the strain
12-10101 of FAdV, species E, with an identity of
97%. Additionally, it was highly similar to strains of
serotype 7 that underlay FAdV-species E, with
identity = 93-95%, as shown in (Fig.2).However, the
similarity with other circulating Egyptian viruses was
reduced, as the nucleotide sequence identity was
83.5%, 78%, 64.9%, 53.5%, 58.5%, and 62.6% for
FAdV species 8b/E, 8a/E, D, C, A, and B,
respectively, as shown in (Fig.3).Even the amino
acid sequence alignment of the L1 region in
(Fig.3)showed that our target virus possessed the
most conservative areas with the strains of serotypes
7 and 8b.

Egypt. J. Vet. Sci. Vol. 56, No. 9 (2025)



2172 MOHAMED HELMY et al.

Histopathology

Various histopathological alterations  were
demonstrated in different organs, particularly the
liver, heart, pancreas and kidneys .The liver showed
extensive thickening of the Glisson's capsule with
faint pink fibrinous exudate mixed with intense
inflammatory cell infiltration, mostly heterophils and
lymphocytes  (Fig.4a).Various histopathological
lesions ranging from diffuse vacuolar degeneration
of hepatocytes to massive bridging hepatocellular
necrosis associated with intense leucocytic cellular
infiltrates were demonstrated (Fig.4b and 4c).
Hepatocellular necrosis was frequently demonstrated
in the centrilobular area with fragmentation and
dissociation of the necrotic hepatocytes, in addition
to the presence of numerous apoptotic cells (Fig.4d).
One of the most frequently demonstrated lesions was
inclusion body hepatitis, with the presence of
numerous large basophilic intranuclear inclusions
(Fig. 4e and 4f). Inclusion body hepatitis is
concurrently associated with abundant apoptosis
(Fig. 49).

The heart revealed hydropericardium with
marked thickening of the visceral epicardium by
edematous  fluid  associated  with  scattered
lymphocytic cell infiltration(Fig.5a).Various
alterations were demonstrated in the myocardium,
ranging from interstitial edema (Fig. 5b) to vacuolar
degeneration of cardiomyocytes associated with
numerous apoptosis(Fig. 5c).Interstitial myocarditis
with intense infiltration of cardiomyocytes with
heterophiles and lymphocytes was a common finding
(Fig.5d).

Similar histopathological alterations were also
demonstrated in the pancreas, which revealed
congestion of blood wvessels associated with
interstitial edema and disruption of pancreatic acinar
cells(Fig.5e).Multifocal areas of pancreatic necrosis
with complete loss of cellular architecture that
appeared intensely eosinophilic with nuclear
pyknosis were frequently demonstrated (Fig.5f).In
some sections, the focal pancreatic necrosis was
intensely infiltrated with  macrophages and
lymphocytes (Fig. 5g). Abundant apoptosis of
pancreatic acinar cells was frequently demonstrated
(Fig. 5h).

The kidneys showed outstanding
histopathological alterations that were demonstrated
in the renal glomeruli and tubules. Proliferative and
membranoproliferative  glomerulonephritis,  with
markedly swollen glomeruli and pronounced
mesangial cell proliferation as well as obliteration of
the Bowman's spaces, were characteristically
demonstrated (Fig. 6a and 6b). In addition, extensive
degenerative  and  necrotic  changes  were
demonstrated in the renal tubules. These alterations
varied from extensive vacuolar degeneration to
extensive necrosis of the renal tubular epithelium
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(Fig. 6¢c and 6d). The necrotic renal tubules were
intensely infiltrated with inflammatory cells (Fig.
6e). The necrotic renal tubules, alternating with the
regenerative renal tubules, which are lined by large,
basophilic vesicular nuclei, were also demonstrated
(Fig. 6f).

Immunohistochemistry

Immunohistochemical detection of adenovirus in the
tissues

Immunohistochemical examination revealed the
presence of adenoviral antigens in different organs,
particularly the liver, heart, pancreas, and kidneys.
Extensive intranuclear and cytoplasmic staining was
demonstrated in the infected hepatocytes, vascular
endothelial cells, and intravascular leukocytes (Fig.
7a). Additionally, intense brown intranuclear
adenoviral antigen was demonstrated in the
cardiomyocytes, endothelial cells, and infiltrating
inflammatory leukocytes (Fig. 7b and 7c). A strong
brown intranuclear adenoviral antigen was also
demonstrated in the pancreatic acinar cells (Fig. 7d)
and the infiltrating leukocytes (Fig. 7e).The kidneys,
revealed brown intranuclear and cytoplasmic
adenoviral antigen in the glomerular capillary
endothelium (Fig. 7f) and renal tubular epithelium
(Fig. 79).

Immunohistochemical expression of cleaved caspase-
3 and PCNA

Increased caspase-3 expression, with strong
brown nuclear and cytoplasmic staining, was
demonstrated in the hepatocytes (Fig. 8a) and
pancreatic acinar cells (Fig. 8b). Interestingly, the
more numerous caspase-3-positive cells, with intense
brown staining, were demonstrated in the area of
acute hepatitis and pancreatitis (Fig. 8c). Similarly,
abundant caspase-3-positive cells were demonstrated
in the lumen of renal tubules (Fig. 8d).On the other
hand, PCNA-positive cells with strong brown nuclear
staining were demonstrated in the regenerating renal
tubules (Fig. 8e).

Discussion

The suspected samples under this study have
been examined by real-time gPCR as a rapid,
sensitive molecular technique for confirmation of the
fowl adenovirus infection [24]. It revealed 100%
positivity in our examined samples with different CT
values, which depended on the viral load in each
sample. Consequently, all the positive samples have
been amplified by conventional PCR for the L1
region on the hexon gene of the Fowl adenovirus for
further genetic sequencing and analysis.However,
only three positive samples have been amplified as
they contained the highest viral load, which is
required for successful amplification due to the large
molecular size as in our study [25].The L1 region
was our target for molecular characterization because
it is the most variable area on the hexon gene and has
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a strong impact on the genetic and antigenic
classification of fowl adenoviruses [26].

Different avian adenovirus species have been
extensively detected in Egypt during the last few
years [10,14,12,13]Jand[15]. Since its detection,
FAdV-species D has been the most commonly
distributed type in Egypt [13].Serotype 8a of species
E was detected in Egypt for the first time in
2018[14], and then different serotypes 8b, 3, and 1 of
species E, B, and A, respectively, have been recorded
through passive surveillance along with Egypt during
2019-2020, based on examination of 340 suspected
samples [13].

In this study, the detected virus was genetically
related to FAdV-species E, closely related to the
Egyptian serotype 8b strains, and strongly similar to
the serotype 7 in worldwide strains, as shown in the
similarity table in Figure 2. Interestingly, it was
found that the target virus in this study was
genetically related to the recombinant strain 12-
10101 (accession no.MK572860), with the highest
identity percentage of 97%. This strain was recorded
in Germany in 2019 and classified as serotype 7 of
FAdV-species E with recombination evidence
between species E and [27].

Avianadenoviruses were classified based on their
molecular structure into 5 species, which were
further divided according to the cross-neutralisation
test into 12 serotypes: fowl adenovirus A (FAdV-1),
fowl adenovirus C (FAdV-4 and -10), fowl
adenovirus B (FAdV-5), fowl adenovirus D (FAdV-
2, -3, -9, and -11), and fowl adenovirus E (FAdV-6, -
7, -8a, and -8b) [28].Each of the 12 FAdV serotypes
has been recorded to be related to inclusion body
hepatitis (IBH) outbreaks [6].GroupD and E species
were involved in  hepatitis-hydropericardium
syndrome (HHS) and hydropericardium
syndrome(HPS) in the intensified poultry region
[29]. Some serotypes had been considered highly
pathogenic, including FAdV-4, -2, -7, and -11 [30].
Regarding serotype 7, there are few reports globally
[31]. More recently, [32] reported that fowl
adenovirus E (FAdV-8a) is associated with gizzard
erosion. Unfortunately, up to date, there has been no
unanimously identified virulence factor identified by
researchers that allows FAdVs to be a "black
box"[33].FAdV-7 and FAdV-8A are closely related
and constitute a cluster of adenoviruses from species
E [34]. In Egypt, the dominant FAdv species were
species D and species 8a and 8e, with recently
detected serotypes 1, 3, and 8b [13].

Regarding the histopathological alterations
demonstrated in the current study, the liver revealed
thickening of the Glissons capsule, which is in
agreement with [35].This thickening could be
attributed to the exaggerated inflammatory response
of acute fibrinohemorrhagic hepatitis induced by

viral replication in hepatocytes, as explained by
[36,37,38].

Massive  bridging hepatocellular  necroses
associated with numerous apoptosis are also
characteristic findings in the present study. These
alterations are attributed to the viral tropism in
hepatocytes and its cytolytic nature. Moreover, FAV
can induce outophagy and apoptosis with severe
inflammation, resulting in massive necrosis.
Apoptosis induced by hypervirulent FAVs is mainly
due to the major role of Fowl Adeno Protein X
(FAdV PX), which represents one of 11 structural
viral proteins (hexon, fibre 1, fibre 2, pllla, Va2,
pTP, pVI, pVII, pVIII, pX, and penton base) of the
Adenovirus [30].PX protein is almost localised in the
nucleus of virus-infected cells. PX nuclear
translocation is a crucial step for apoptosis induction
throughout activation of the caspase-3 pathway
which represents an important step for completing
the viral replication cycle [39]. Despite the previous
mechanism, the definite mechanism underlying the
induction of apoptosis is still elusive [40]. The
inflammatory mediators, including both interleukin 1
beta (IL1B) and macrophage inflammatory protein-2
(MIP-2), are produced from many inflammatory
cells, such as monocytes, epithelial cells, and even
hepatocytes and endothelial cells, during the
response to fowl adenovirus infection, as previously
reported by [37,38].

The presence of large basophilic intra-nuclear
inclusions within infected hepatocytes in the present
study is in accordance with [41,42].These inclusions
are due to viral replication within the hepatocyte
nucleus, which is  confirmed in  the
immunohistochemically — stained sections. The
variation in size and number of these inclusions
mainly depends on the hepatocyte production
intensity of the inclusion [43].Moreover, [44] fully
described the intranuclear inclusion as a round and
compact "bird eye" that occupied nearly the entire
nucleus.

Regarding the pathological findings in the heart,
which include hydropericardium with thickening of
the visceral pericardium associated with lymphocytic
cell infiltration, they are in accordance with [45]. The
pericardial effusion is mainly due to an increase in
the permeability of the vascular endothelial cells,
which results in plasma exudation [46]. Furthermore,
the disturbance in albumin due to FAV infection
decreases colloidal osmotic pressure, which may
have a supplementary role [47].

Myocardial edema with vacuolar degeneration of
cardiomyocytes and interstitial  myocarditis
demonstrated in the present study are in coincidence
with [48,49]. Despite the lower susceptibility of
cardiomyocytes (CM) to fowl Adenovirus FAdV
[46], once virus proliferation occurred, it resulted in
increased MRNA expression of many inflammatory
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cytokine genes (interleukin-1B, interleukin-6,
interleukin-8, and tumour necrosis factor) (IL1B, L6,
IL8, and TNF, respectively) and elevation of the
myocardial enzymes [50]. IL-1B inducts endothelial
cell tissue factors (ECsSTF), which results in an
increment of wvascular permeability [51]. The
immunohistochemical results of the present study
confirm the viral replication within the
cardiomyocytes, the vascular endothelial cells, and
the infiltrating mononuclear cells.

Pathological findings in the kidneys in the present
study include, proliferative and membrano-
proliferative glomerulonephritis were the most
prominent alterations in the renal glomeruli, which
are in accordance with the findings of [52,41].
Membranoproliferative glomerulonephritis is
attributed to hypersensitivity type 111, with deposition
of the immune complex in the glomerular capillaries
after virus initiation of inflammation [19]. This may
clarify the hypercellularity of the renal corpuscle,
considering its response to FAV virus infection.
Moreover, the presence of the adenoviral antigen
within  the glomerular tuft is confirmed
immunohistochemically in the current study.

Alterations in the renal tubules presented in our
work varied from vacuolar degeneration to extensive
necrosis of the tubular epithelium with intense
inflammatory cell infiltration. In accordance with
[44,53,54], this could be attributed to the capability
of the virus to replicate within tubular epithelial cells
of the Kidney during virus pathogenesis
[55,56,41]., and these alterations are confirmed in the
immunohistochemically-stained sections.In addition,
the virus provokes acute renal damage, which further
results in an increase in vascular permeability and
inflammatory cell recruitment, as well as the
deposition  of exudates in the  kidney
parenchymal44]. Hyperplastic proliferation of the
adjacent renal tubules seems to be a compensatory
mechanism.

Being a target organ for the virus due to its faster
replication [57], the pancreas is highly vulnerable to
adenovirus infection. Pancreatic necrosis and
pancreatic edema with subsequent disruption of the
pancreatic architecture demonstrated in the present
study are following the findings of [14, 41].
Mononuclear cell infiltration appears to be mainly
due to an inflammatory reaction caused by FAD, as
mentioned by [57,7].
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Immunohistochemical results of the current study
revealed positive immune reactivity, with intense
brown nuclear and cytoplasmic staining. The
immune reaction was demonstrated in different
organs, particularly the liver, heart, kidneys and
pancreas, confirming the presence of FAV-7 virus
particles in these organs. These results are in
accordance with the findings of [58,59]. Previous
studies also confirmed the intracytoplasmic virus
particles of FAV-4 [60, 61].

The high expression of PCNA in kidneys
demonstrated in our investigation reflected the high
proliferation within renal tissue [62]. PCNA
represents an essential protein cluster within the
nuclei and is mainly incorporated in DNA replication
and cell proliferation [63].PCNA-positive cells
demonstrated in renal tubular epithelial cells indicate
DNA replication and damage repair of nuclear
contents [64]. This regenerative activity occurred in
response to the severe tissue damage in the kidney
induced by the FAV-7 virus field infection.

Conclusions

FAV-7 related to group E Adeno viruses was
prevalent in broiler breeder flocks in this study,
associated with massive hepatorenal patholological
alterations, hydropericardium syndrome, and severe
pancreatitis. Increased mortality rates in young
breeders regarding the breeder's standard catalogue,
decreased flock performance, and a decline in egg
production were the most noticeable observations in
producer breeders in Egypt the present study is
considered to be the first pathomolecular study on
FAV-7 in Egyptian breeders. Further studies are
needed to assess the potentiality of FAV serotype
prevalence in breeder's farms and grandparent flocks.
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TABLEL. Epidemiological data of the investigated broiler breeder flocks with relation to (number of birds, flock age,
breeds, localities/governorates, season at time of sampling and related necropsy finding in corresponding to
mortality percentage

- o = c c P 5 g g
3 Y 3 S 38 = 2 5 3 g 8 28
£ < @ 5 Es ¢ g 5 2 Eg '3
z » S a o s 8 5 <
1 37TW  AVIA 10k 4 Behera Summer 2% HP/IBH/As Real timegPCR 20 % loss
N 48 (N: 0.2%) Real timegPCR
2 10D AVIA 10 k 5 Alexandria Winter 3% HP/IBH Real timegPCR  Breeding
N 48 (N:0.9) Real timeqPCR
3 38w AVIA 15k 4 Behera Spring 1.5% HP/IBH/As  Real timegPCR 10 % loss
N 48 (N: 0.2%)
4 13D AVIA 5k 3 Behera Spring 1% HP/IBH Real timegPCR  Breeding
N 48 (N:0.9) Real timegPCR
5 38w IR 10 k 10 Marsamatroh ~ Autumn 3% HP/IBH/As  Real timegPCR 20 % loss
(N: 0.2%) Real timegPCR
6 1% Real timegPCR
32w AVIA 8 k 5 Menofia Winter (N: 0.2%) HP/IBH/As 5 % loss
N 48 3%
7 2w IR 7k 10 Marsamatroh ~ Winter (N:0.9) HP/IBH Breeding
2%
8 2w AVIA 10 k 5 Behera Winter (N:0.9) HP/IBH Breeding
N 48 1%
9 32w AVIA 10 k 4 Behera Spring (N: 0.2%) HP/IBH/As 10 % loss
N 48 3%
10 3Bw IR 15 k 9 Marsamatroh  Spring (N: 0.2%) HP/IBH/As 10 % loss

2%

*(K: 1000 / D: Day / W: Week / IR: Indian River / N: Normal value / HP: Hydropericardium /AS: Ascites / RT-PCR: Real Time Polymerase
Chain Reaction)

TABLE 2.Results of real time gPCR(ct values) and conventional PCR of the examined samples.

Sample ID Ctvalue Results of conventional PCR (800bp)
1 30 -ve
2 30 -ve
3 32 -ve
4 18 +ve
5 36 -ve
6 8 +ve
7 36 -ve
8 32 -ve
9 14 +ve
10 25 -ve
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Fig.1. Phylogenetic tree of partial nucleotide sequence of hexon gene, the analysis has been applied on different Fowl
adenovirus species. The target sequence of this study is F832-2021 which is labelled with black dot on the tree.
F832-2021 belongs genetically to serotype 7 of FAdV-E viruses.
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Nucleotide identity%

Seq-ID 3] 4 5 6] 7 8 9 10, 11 12]
1)0K323372-Egypt/F832/2021 95.7%| 94.5%| 93.7%| 94.7%| 83.5% 78.0%|  64.9% 53.3% 58.5%|  62.6%
2|LN907535-FAdV-isolate 12-10101 97.5% 94.9% 94.1%| 95.1%| 84.3% 78.8%|  65.5% 53.7% 58.5%|  62.6%
3[MT883493-FAdV/chicken/China/SC/GA 93.3%| 95.1% 93.1% 94.1%|  83.5% 79.6%|  65.5% 54.1% 59.1%|  62.2%
4|FAdV-7 strain ATCC VR-832 92.7%|  94.5% 93.9% 97.7% 99.3%| 85.3% 79.6%|  66.1% 54.7% 59.5%|  62.8%
5|KT862809-FAdV 7 strain YR36 90.9%| 92.7% 92.1%|  96.3% 98.3%| 85.1% 79.4%|  65.7% 54.9% 58.7%|  63.0%
6|MT459109-FAdV-7-B2 92.1%|  93.9% 93.3%| 99.3%| 96.9% 85.5% 79.8%|  66.1% 54.7% 59.3%| 62.8%
7|AD16-2020-8b/E 86.0%| 87.8% 87.8%| 89.0%| 87.8%| 89.0% 65.7% 51.1% 56.1%|  60.8%
8|FAdV-8aisolate MMR-T1 80.6%|  82.4% 84.2%| 82.4%| 818% 82.4%| 81.8% 54.5% 56.9%|  63.2%
9|AD1-2019-D 70.9% 72.7% 73.9%(  73.9% 72.1% 73.9%  71.5% 75.7% 55.1%|  61.0%

10[KU557329- FAdV-C 47.9% 47.9%| 49.1%| 47.9%| A46.9%| 473%| 44.9%| 49.1%| 45.7% 60.4%
11]AD17-2020- A 53.3% 54.5% 55.1%|  53.9% 52.7%| 53.3%| 52.7% 52.1%|  49.0% 58.1% 58.4%
12|AD19-2020-B 61.3% 63.0% 61.9%( 63.0% 63.6%|  63.0% 61.9% 61.9%| 60.7%|  45.8%

Amino acid identity%
Fig.2. Identity percent of amino acid and nucleotide sequences of F832-2021 with other Egyptian circulated FAdVs
species.
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Fig. 3. Amino acid alignment for partial sequences of hexon gene for L1 region of different Egyptian FAdVs.
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Fig. 4. photomicrograph of the liver of broiler breeders infected with adenovirus showing (a) extensive thickening of the Glisson's
capsule with faint pink fibrinous exudates (F) mixed with intense inflammatory cell infiltration, mostly heterophils and
lymphocytes (astrix), (b) diffuse vacuolar degeneration of hepatocytes (arrows), (c) bridging hepatocellular necrosis (N)
associated with intense leucocytic cellular infiltrates (asterisk), (d) centrilobular necrosis with fragmentation and dissociation
of the necrotic hepatocytes in addition to numerous apoptotic cells (arrows), (e , f) inclusion body hepatitis (arrows) (e) with
the presence of numerous large basophilic intranuclear inclusions (arrows) (f), and (g) abundant apoptosis (arrows). (Stain:
H&E, scale bar=100pm).

Egypt. J. Vet. Sci. Vol. 56, No. 9 (2025)



MOLECULAR, HISTOPATHOLOGICAL, AND IMMUNOHISTOCHEMICAL CHARACTERISTICS OF ... 2179

%0

By
o'

2
i
ARV

Fig. 5. photomicrograph of the heart (a, b, c, d) and pancreas (e, f, g, h) of broiler breeders infected with adenovirus showing (a)
marked thickening of the visceral epicardium by edematous fluid (asterisk) associated with scattered lymphocytic cell
infiltration, (b) interstitial edema (asterisk) , (c) vacuolar degeneration of cardiomyocytes (black arrows) associated with
interstitial edema (asterisk) and numerous apoptoses (red arrows), (d) Interstitial myocarditis with intense infiltration of
cardiomyocytes with heterophiles and lymphocyte (arrows), (e, f, g, h) pancreas showing congestion of blood vessels (C)
associated with interstitial edema (asterisk) and disruption of pancreatic acinar cells, (f) multifocal areas of pancreatic
necrosis with complete loss of celluar architecture that appeared intensely eosinophilic with nuclear pyknosis (N), (g) focal
pancreatic necrosis intensely infiltrated with macrophages and lymphocytes (asterisk), and (h) abundant apoptosis of
pancreatic acinar cells (arrows). (Stain: H&E, scale bar=100pm).

Egypt. J. Vet. Sci. Vol. 56, No. 9 (2025)



2180 MOHAMED HELMY et al.

Fig. 6. photomicrograph of the kidneys of broiler breeders infected with adenovirus showing (a) Proliferative glomerulonephritis
with markedly swollen glomeruli (p) and obliteration of the Bowman's spaces, (b) membranoproliferative glomerulonephritis,
with pronounced mesangial expansion and thickening of glomerular basement membrane (arrows), (c) extensive vacuolar
degeneration (V) and extensive necrosis of the renal tubular epithelium (asterisk), (d) intense infiltration of the necrotic renal
tubules with inflammatory cells(asterisk), (€) necrotic renal tubules(asterisk) alternate with the regenerative renal tubules, which
are lined by large, basophilic vesicular nuclei (arrows), (f) massive interstitial hemorrhage (H), (Stain: H&E, scale bar=100um).
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Fig. 7. photomicrograph represent the immunohistochemical detection of adenovirus antigen in the liver, heart, pancreas and
kidneys broiler breeders infected with adenovirus: (a) liver showing extensive intranuclear and cytoplasmic staining in the
infected hepatocytes (black thick arrows), vascular endothelial cells (black thin arrow), and intravascular leukocytes (red
arrow), (b & c) heart showing intense brown intranuclear staining in the cardiomyocytes (black thick arrow), endothelial cells
(red arrows) (b) and infiltrating inflammatory leukocytes (black arrows)(c), (d & e) pancreas showing a strong brown
intranuclear adenoviral antigen in the pancreatic acinar cells (black arrows)(d), vascular endothelial cells (red arrows) and the
infiltrating leukocytes (black arrows) (e), (f & g) kidneys showing brown intranuclear and cytoplasmic adenoviral antigen in
the glomerular capillary endothelium (red arrows) (f , g) and renal tubular epithelium (black arrows) (g) (Stain: anti-
adenovirus immunohistochemical staining, scale bar=100um).
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Fig. 8. photomicrograph represent expression of cleaved caspase-3 (a-d) and PCNA (e): (a) liver showing increased caspase-3
expression, with strong brown nuclear and cytoplasmic staining in the hepatocytes (black arrows) (a), (b & c) pancreas
showing strong brown nuclear and cytoplasmic staining in the pancreatic acinar cells (black arrows) (b) and the infiltrating
macrophages in the area of acute pancreatitis (black arrows) (c), (d) kidneys showing abundant caspase-3-positive cells in
the lumen of renal tubules (asterisk), and (e) kidneys showing PCNA-positive cells with strong brown nuclear staining in the
regenerating renal tubules (black arrows). (Stain: cleaved caspase-3 (a-d) and PCNA immunohistochemical staining, scale

bar=100pm).
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