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Introduction

Turkeys are an ideal source of meat in many countries due 
to their high level of production and their nutritional value. 
These advantages are challenged by viral infections, which 
cause great losses [1]. One of the viruses causing significant 
disease in turkeys is fowl adenovirus (FAdV), which is a 
dsDNA virus belonging to the genus Aviadenovirus of the 
family Adenoviridae. The FAdVs are subdivided into five 
species (Aviadenovirus ventriculi, Aviadenovirus quintum, 
Aviadenovirus hydropericardii, Aviadenovirus gallinae, and 
Aviadenovirus hepatitidis) and 12 serotypes [2–5]. The 12 
serotypes (FAdV-1 to 8a and 8b to 11) were identified by 
cross-neutralization tests using antibodies to the hexon pro-
tein. FAdV-2, FAdV-8a, FAdV-8b, and FAdV-11 can cause 
inclusion body hepatitis (IBH), while FAdV-4 causes hepa-
titis hydropericardium syndrome (HHS) and FAdV-1 causes 
adenoviral gizzard erosions [6, 7].
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Abstract
Adenoviruses are a diverse group of viruses that can cause a variety of diseases in poultry, including respiratory and 
gastrointestinal infections. In turkeys (Meleagris gallopavo), adenoviruses commonly cause hemorrhagic enteritis and, 
rarely, inclusion body hepatitis. In this study, we investigated fowl adenoviruses (FAdVs) circulating in turkeys in Egypt. 
Following clinical examination of 500 birds, a portion of the hexon gene was amplified from four out of 50 samples 
from diseased birds (8%), and one amplicon that produced a strong band was selected for sequencing. Molecular and 
phylogenetic analysis revealed that the virus in that sample belonged to serotype FAdV-8b. Histopathological and immu-
nohistochemical examinations of prepared tissue sections were performed to confirm the pathological findings. Diseased 
birds exhibited ruffled feathers, low body weight, a crouching posture, and diarrhea. Gross examination revealed petechial 
hemorrhage on the spleen, swollen pale liver, and congested intestine. Microscopic examination revealed the presence of 
eosinophilic and basophilic intranuclear inclusion bodies, nuclear pyknosis, and apoptotic bodies in the liver, congestion, 
hemorrhage, and fibrosis in the lungs, and desquamation of enterocytes. The presence of viral antigens in the liver, lungs, 
and intestine was confirmed by immunohistochemistry. To our knowledge, this is the first report of the characterization of 
an outbreak of inclusion body hepatitis in turkeys (hybrid converter breeds) due to FAdV-8b in Egypt. This finding raises 
an epidemiological alarm, necessitating further studies, including full-genome sequencing, to trace the virus’s origin and 
genetic diversity.
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IBH is characterized by a sudden increase in mortality, 
which can reach up to 30% within a flock, and low morbid-
ity. Diseased young broiler chickens exhibit ruffled feathers, 
growth retardation, and a crouching posture. The disease 
is more intense in young birds during the first few days of 
life. However, the infection might be subclinical and only 
noticed at the slaughterhouse [2, 3].

The main lesions of IBH observed in turkeys are friable, 
pale, swollen livers with petechial hemorrhage and small 
white foci on the liver, swollen kidneys, and atrophied bursa 
and thymus [2, 3, 8]. Microscopically, intranuclear inclu-
sion bodies (INIBs) are found in the liver, pancreas, intes-
tine, gizzard, and kidneys. The INIBs are mainly basophilic, 
round or irregular, large bodies with a clear pale halo in the 
early stage, while in the later stage, they are eosinophilic 
without virus particles [9]. Hepatitis with multifocal areas 
of coagulative necrosis, glomerulonephritis, pancreatitis, 
cholangitis, and cholecystitis with mononuclear cell infiltra-
tion has been reported [2, 3, 8, 10].

In the intestine, mucosal congestion, epithelial necrosis, 
and hemorrhage in villus tips due to endothelial disruption 
are observed, while blood vessels appear to be intact, and 
RBC diapedesis is observed. Mononuclear cell infiltration 
is evident in the lamina propria. Intestinal lesions are severe 
in the duodenum and less severe in the distal parts [4, 11].

Amplification of the hexon gene by PCR is considered 
the most practical method of detection of adenoviruses. 
Other, older methods, including virus isolation, immunohis-
tochemical staining, in situ hybridization, and serotyping by 
virus neutralization, are still used in many laboratories [2, 
4, 8, 10].

This study is a retrospective investigation of adenoviruses 
circulating among turkeys in the delta region of northern 
Egypt in 2023. A rare FAdV infection leading to IBH was 
identified, and the associated virus was characterized phy-
logenetically, pathologically, and immunohistochemically.

Materials and methods

Sampling

To investigate the presence of FAdV on turkey farms on 
which hybrid converter breeds are raised, about 500 birds in 
the delta region of northern Egypt were examined in 2023. 
Of the birds tested, 95% were less than 6 weeks old and had 
no history of adenovirus vaccination. Clinical examination 
revealed that 50 of the birds were diseased, and these were 
euthanized and necropsied, and gross lesions were recorded. 
Representative tissue samples were taken from lungs, tra-
chea, liver, kidneys spleen, heart, and intestine from all 50 

necropsied birds, and particular emphasis was placed on the 
examination of respiratory and intestinal organs.

Tissue samples were divided into two portions, one 
of which was preserved at -20°C and then homogenized 
in phosphate-buffered saline (PBS) (pH 7.4) to make a 
10% suspension, which was then clarified in a benchtop 
microfuge at 2000 rpm for 10 minutes, and 200 µl of the 
supernatant from each sample pool was used for extraction 
of viral DNA. The other portion of the tissue was preserved 
in 10% buffered formalin for histopathological and immu-
nohistochemistry (IHC) investigation.

Extraction of nucleic acids

Nucleic acids were extracted using a QIAamp Viral DNA 
Extraction Kit, (QIAGEN, USA; catalogue no.51304) 
according to the manufacturer’s protocol. Viral DNA was 
kept at -20°C until used.

PCR amplification of a portion of the hexon gene of 
fowl adenovirus

A 727-bp region of the hexon gene was amplified by PCR 
to confirm the presence of viral DNA and for sequencing. 
The forward primer was adeno-F (5′-​A​C​A​T​G​G​G​A​G​C​G​A​
C​C​T​A​C​T​T​C​G​A​C​A-3) and the reverse primer was adeno-R 
(5′- ​T​C​G​G​C​G​A​G​C​A​T​G​T​A​C​T​G​G​T​A​A​C-3) [12]. The oli-
gonucleotide primers were obtained from Metabion (Ger-
many). The PCR reaction mixture consisted of 12.5 µl of 2× 
Emerald Amp GT PCR master mix (Takara, no. RR310A), 
1 µl of forward primer (20 pmol),1 µl of reverse primer (20 
pmol),4.5 µl of PCR-grade water, and 6 µl of template DNA 
to give a total volume of 25 µl. Field isolates supplied by the 
reference laboratory of the Animal Health Research Insti-
tute, Dokki, Giza, Egypt, were used as positive controls, and 
nuclease-free water was used as a negative control.

Amplification was carried out in a Chromo4 Thermal 
Cycler (Bio-Rad, Hercules, CA, USA). The cycling con-
ditions were 5 min at 94°C for primary denaturation, fol-
lowed by 35 cycles of secondary denaturation at 94°C for 
30 s, annealing at 60°C for 40 s, and extension at 72°C for 
45 s, and a final extension at 72°C for 10 min. Amplifica-
tion products were subjected to 1.5% agarose gel electro-
phoresis, excised from the gel, and kept at -20°C before 
purification.

Agarose gel electrophoresis

As described by Falcone et al. [13], agarose gels were pre-
pared by dissolving 0.45 of agarose powder in 30 ml of TBE 
buffer by heating on a flame and then cooling to 55°C, and 
5 µl of ethidium bromide was added to a final concentration 
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of 0.5 µg/ml. A GeneRuler 100 bp DNA Ladder (Fermentas, 
cat. no. SM0243) was used as a size marker.

Purification of PCR products for sequencing

PCR products were purified using a QIAquick PCR Puri-
fication Kit (QIAGEN Inc., Valencia, CA) (catalogue no. 
28104) according to the manufacturer’s instructions.

Sequencing and phylogenetic analysis

Purified PCR products were sequenced using an Applied 
Biosystems 3130 Genetic Analyzer (ABI, 3130, USA). 
The sequence reactions were carried out according to the 
manufacturer’s instructions, using a BigDye Terminator 
V3.1 Cycle Sequencing Kit (PerkinElmer/Applied Biosys-
tems, Foster City, CA). Similar sequences in the GenBank 
database were identified using the Basic Local Alignment 
Search Tool (BLAST) [14]. The nucleotide sequence from 
this study has been deposited in the GenBank database 
under the accession number OR495594.

A multiple alignment of partial hexon amino acid 
sequences was made by the CLUSTAL W method [17, 18], 
using the MegAlign module of Lasergene DNASTAR soft-
ware (Madison, Wisconsin, USA), and phylogenetic analy-
sis was performed in MEGA 11 [15] by the neighbor-joining 
method with the Tajima-Nei model and 1000 bootstrap rep-
licates [16].

Histopathological examination

For pathological investigation, formalin-fixed tissue speci-
mens were placed in cassettes, treated with ethanol and 
xylene, and embedded in melted paraffin. Serial sections of 
4–5 µm were cut for hematoxylin and eosin (H&E) stain-
ing and IHC using a microtome then placed on clean glass 
slides. At the time of staining, the slides were dewaxed, 
rehydrated, stained with H&E, and mounted with quick 
mount. The stained slides were then examined using a light 
microscope [19].

Immunohistochemistry (IHC)

IHC was performed as described by Suvarna et al. [20] to 
confirm the presence of adenovirus and to determine which 
tissues were affected. The procedure was implemented over 
two days. On the first day, paraffin sections of PCR-con-
firmed cases were dewaxed, rehydrated, and washed three 
times with PBS before antigen retrieval by autoclaving at 
120℃ for 20 min and washing three times with PBS. After 
that, 5% hydrogen peroxide was applied, and the slides were 
incubated for 30 min at room temperature and then washed 

with PBS. Primary polyclonal chicken antibodies specific 
for adenovirus (kindly provided by the reference labora-
tory of the Animal Health Research Institute, Dokki, Giza, 
Egypt) were diluted 1:100 in Ab dilution buffer, applied to 
the sample, and incubated at 4℃ overnight.

On the second day, secondary biotinylated antibodies 
(kindly provided by the reference laboratory of the Ani-
mal Health Research Institute, Dokki, Giza, Egypt) were 
applied, and the sample was incubated for 1 h. Streptavi-
din horseradish peroxidase was then applied, and the slides 
were kept at room temperature for 60 min and then washed. 
The slides were stained with DAP and then counterstained 
with hematoxylin [21].

Results

Clinical signs and gross lesions

Most of the diseased birds in this study exhibited lethargy, 
ruffled feathers, low body weight, a crouching posture, and 
diarrhea, but a few showed difficulty breathing, nasal dis-
charge, and rales. A gross postmortem examination revealed 
splenomegaly with petechial hemorrhage, swollen pale 
liver, and congested intestine (Fig. 1).

Molecular characterization and sequence analysis

The hexon gene was successfully amplified from four sam-
ples (8%), and one amplicon that produced a strong band 
in an agarose gel was sequenced in both directions. This 
partial hexon gene sequence was submitted to the GenBank 
database under the accession number OR495594. Sequence 
analysis revealed that this virus belongs to serotype FAdV-
8b and is a member of the species Aviadenovirus hepatitidis. 
The sequenced region of the isolate from Egypt (EGYAD 
OR495594) was 100% identical to the corresponding region 
from isolates of chickens in Australia in 2022 (MT459118) 
and 2021 (MT459112, MT459113, and MT459114) and 
≥ 98.7% identical to those found in isolates from chickens 
in Egypt in 2022 (MW712887 and MW712888), Malaysia 
in 2016 (KU517714), and Slovenia in 2016 (JF766221) 
(Fig. 2). The nucleotide sequence alignment revealed high 
similarity of the EGYAD isolate to the isolates AD15 and 
AD16 (Fig. 3). The predicted amino acid sequences were 
identical to those reported recently isolated in chickens in 
Egypt, but a few amino acids differed from the reference 
strains (Fig. 4). A phylogenetic tree based on the hexon gene 
of fowl adenoviruses was constructed by the neighbor-join-
ing method and is shown in Fig. 5.
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haemorrhage, perivascular fibrosis, fibrosis in the alveolar 
wall, and multiple foci of leukocytic cell aggregation. The 
liver showed a fatty change in hepatocytes, eosinophilic 
and basophilic INIBs, nuclear pyknosis, and apoptotic bod-
ies. The kidneys showed marked congestion, interstitial 
edema, fibrosis, and follicular aggregation of lymphocytes. 
The heart showed interstitial edema. The spleen showed a 
depletion of lymphocytes from the white pulp. The small 

Histopathological and immunohistochemical 
examination

Microscopic examination of formalin-fixed samples col-
lected from birds that were adenovirus positive by PCR 
is presented in Fig. 6A-D, Fig. 7A-C, and Fig. 8A-E. The 
trachea showed moderate hyperplasia of goblet cells with 
heterophil infiltration. The lungs showed congestion, 

Fig. 2  Percent sequence identity in the hexon gene between the EGYAD sample and other sequences obtained from the GenBank database. 
EGYAD is indicated by a star

 

Fig. 1  Clinical signs and gross findings in poults infected 
with fowl adenovirus. (A) A weak, emaciated poult in 
a crouching position. (B) Splenomegaly with petechial 
hemorrhage (black arrows). (C) Swollen pale liver (black 
arrow). (D) A congested intestine (black arrows)
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Discussion

Avian adenoviruses are important pathogens that infect a 
wide range of hosts. Their classification is complex, with 
evidence of crossing of species barriers and recombination 

intestine had shortened villi with desquamation of entero-
cytes. Microscopic examination of immunostained forma-
lin-fixed samples collected from birds that were adenovirus 
positive by PCR showed positive signals in the nuclei of 
interalveolar cells, enterocytes, and almost all hepatocytes 
(Fig. 9A-C).

Fig. 3  Multiple alignment of FAdV sequences
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of the hexon gene to isolates from chickens in Australia 
in 2022 (MT459118) and 2021 (MT459112, MT459113, 
and MT459114). This suggests that the virus might have 
spread from Australia to Egypt with imported Australian 
chickens, and it is possible that hybrid turkey breeds are 
particularly susceptible to infection with the virus. Interest-
ingly, the EGYAD isolate showed somewhat less sequence 
identity (≥ 98.7%) to isolates from chickens from Egypt in 
2022 (MW712887 and MW712888) [12], Malaysia in 2016 
(KU517714), and Slovenia in 2016 (JF766221). Since there 
is a general lack of sequence data on adenoviruses in Egypt, 
it is not known whether EGYAD-like strains are present 
elsewhere in Egypt. However, since the EGYAD isolate is 
genetically closely related to FAdV isolates already found 
in Egypt, it might have originated through mutation of local 
strains.

As reported by Cizmecigil et al. [30], diseased birds 
exhibited general signs such as ruffled feathers, low body 
weight, a crouching posture, and diarrhea, and as observed 
previously by Kefford et al. [31], a few birds showed dif-
ficulty breathing, rales, and nasal discharge. Necropsy 
revealed splenomegaly with hemorrhagic petechiae, pale, 
swollen liver, and intestinal congestion. The necropsy 
results are consistent with the studies of El-Shall et al. [32] 

events. Radwan et al. [22] reported FAdV 8b for the first 
time in Egypt in a commercial broiler chicken. Four years 
later, as described here, we found that the virus had spread 
to turkeys in Egypt. The presence of this virus in turkeys is 
thought to be rare [3, 22, 23].

Considering that it is known that FAdV is able to infect 
turkeys, it is unclear why it took four years after its initial 
discovery in chickens to be found in turkeys. One possible 
reason may be a lack of interest in this virus in Egypt, but 
it is also possible that the local turkey breed is less suscep-
tible to FAdV infections than the hybrid converter, which 
was introduced recently onto Egyptian farms. Alternatively, 
changes in the climate might have challenged the birds’ 
immunity and increased their susceptibility to circulating 
viruses [24, 25].

In our study, we used the hexon gene for PCR and 
sequencing because it is the most highly conserved region 
of the adenoviral genome and is widely used for classifica-
tion and recognition of adenovirus serotypes [22, 23, 26, 
27]. Studies have suggested that differences in the L1 loop 
domain of the hexon protein may result in differences in tis-
sue tropism and virulence [28, 29]

Sequence comparisons revealed that the EGYAD iso-
late belongs to serotype FAdV-8b (species Aviadenovirus 
hepatitidis) and is 100% identical in the sequenced region 

Fig. 4  Alignment of hexon amino acid sequences of recent Egyptian isolates and reference strains. EGYAD is indicated by an inverted triangle
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Hexon gene sequencing is generally considered sufficient 
for phylogenetic analysis, as this protein carries the major 
epitopes and provides information about genetic diversity. 
However, classification based on the hexon gene can be mis-
leading if the virus undergoes interserotypic recombination. 
Therefore, for typing and subtyping, full-genome sequenc-
ing is more reliable. The fact that only the hexon region was 
examined is a major limitation of our study. Another is that 
the virus was not experimentally inoculated into turkeys to 
confirm its pathogenicity. However, its pathogenicity was 
suggested by our IHC results and the observation that none 
of the samples tested were positive for ??H5??, ??AOAV-
1??, or ??aMPV??.

and Maartens et al. [33], which, however, were performed 
on chickens.

Histopathological examination of the liver, intestine, 
lungs, trachea, heart, spleen, and kidney tissues from dis-
eased birds yielded valuable information on the virulence 
and pathogenesis of the virus. The pathological results are 
consistent with previous studies [3, 32, 33]. There have not 
been many studies in which IHC was used to detect the 
virus in infected tissues, but in this study, we were able to 
demonstrate the presence of viral antigens in liver, lung, and 
intestinal tissues by IHC. Prominent lesions were found in 
the gastrointestinal tract and liver, and this may be due to the 
entry of the virus through the feco-oral route [4].

Fig. 5  Phylogenetic analysis 
of adenoviruses based on the 
nucleotide sequences of the 
hexon gene. EGYAD is indicated 
by an inverted triangle.
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Conclusion

To our knowledge, this is the first study in which fowl ade-
novirus isolated from turkeys in Egypt was characterized. 
This study was designed to investigate adenovirus circulat-
ing in turkeys in the delta region of northern Egypt. Fowl 
adenovirus type 8b was discovered, suggesting that this 
rare serotype may be circulating in Egypt. More studies are 
needed to trace its origin and assess the risk posed by this 
virus.

Fig. 7  (A-C) Micrographs of H&E-stained liver samples 
collected from birds that were positive for adenovirus by 
PCR, showing fatty change in hepatocytes (thin black 
arrow) (A), eosinophilic and basophilic intranuclear (thick 
black arrow) inclusion bodies, nuclear pyknosis (arrow-
head), and apoptotic bodies (curved black arrow)

 

Fig. 6  (A-D) Micrographs of H&E-stained formalin-fixed 
tissue samples collected from birds that were adenovirus 
positive by PCR, showing moderate hyperplasia of goblet 
cells with heterophils infiltration (black arrow) (A) in 
the trachea, congestion (arrowheads), haemorrhage (red 
arrow), perivascular fibrosis and fibrosis in the alveolar 
wall (thin black arrow), and multiple foci of leukocytic 
cells aggregation (thick arrow) in lungs (B-D)
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submitted to the GenBank database (GenBank Overview (nih.gov)) 
under the accession number OR495594 and will be available online 
after publication.
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