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Abstract

Viral diseases are a significant challenge facing the poultry industry, negatively im-
pacting productivity and the agricultural economy. Among these viruses is fowl ad-
enovirus (FAdV). The study aims to identify adenovirus in broilers in the Basrah 
province, Iraq. The study concentrated on clinical symptoms, postmortem lesions, 
histological abnormalities, and polymerase chain reaction (PCR) to validate a labo-
ratory diagnosis. From October 2023 to April 2024, the present investigation col-
lected 100 sick 10-day-old chickens from an unusual field in the Abu Sakhir district 
of Basrah. The poultry laboratory at the College of Veterinary Medicine, University 
of Basrah, handled the samples. Euthanized were chicks showing clinical symptoms. 
Every case was reviewed for gross lesions related to viscera. The livers of infected 
birds showed microhemorrhages or bruises with localized or diffuse areas of necro-
sis. The hearts showed a straw-coloured, diffuse fluid accumulation in the pericar-
dial sac. The surface of the kidneys was enlarged and hemorrhagic. Microscopically, 
the liver exhibited basophilic intranuclear bodies, a necrotic area, and mononuclear 
cell infiltration. The heart showed vascular congestion in the pericardium, accom-
panied by inflammatory cell infiltration between the muscle fibres. Renal showed 
hemorrhage and degeneration of the epithelium, mononuclear cell infiltration and 
basophilic intranuclear bodies. PCR confirmed the presence of the adenovirus ge-
nome from infected birds.The study emphasizes the importance of early identifica-
tion and accurate diagnosis to minimize the impact of FAdV on poultry health and 
productivity.

Keywords: fowl adenovirus; broilers; aviadenovirus; hexon gene; intranuclear in-
clusion bodies pathology

Pathology

Introduction

Viral diseases are one of the significant challenges facing the poultry industry, 
negatively impacting productivity and the agricultural economy [1]. Among these 
viruses, fowl adenovirus (FAdV) stands out as one of the most significant patho-
gens causing substantial economic losses in the poultry sector, particularly in 
broiler chickens [2]. This virus is characterized by its ability to cause a wide range 
of diseases, including inclusion body hepatitis (IBH) hydropericardium hepatitis 
syndrome (HHS), which lead to increased mortality rates and decreased feed con-
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version efficiency [3–5]. FAdV belongs to the Adenoviridae 
family and is a non-enveloped virus containing double-strand-
ed DNA (dsDNA). It is classified into 5 types (A–E), comprising 
more than 12 serotypes [6,7]. These viruses are characterized by 
their ability to infect a wide range of tissues, including the liver, 
kidney, respiratory tract, and gastrointestinal tract, leading to 
diverse diseases [8,9]. Infectious hepatitis (IBH) is characterized 
by the appearance of intranuclear bodies in hepatocytes, leading 
to acute hepatitis and sudden death in infected birds, especially 
chicks at 3 to 6 weeks of age [10–13]. Avian wasting syndrome 
(HHS) is characterized by fluid accumulation in the pericardi-
um and hepatomegaly, leading to death in birds at 4 to 6 weeks 
of age [14].

In addition, the virus can cause other diseases, such as gastri-
tis (gizzard erosion) and respiratory tract infection. In recent 
years, there has been an increasing interest in studying the 
pathological and molecular aspects of chicken adenovirus to 
understand the mechanisms of infection and disease progres-
sion, as well as to develop effective strategies for prevention and 
control [15]. Recent studies have included sequencing the virus 
genome, identifying genetic factors associated with increased 
virulence, and understanding the interactions between the virus 
and the immune system [16]. The virus genome contains ap-
proximately 43 to 45 kilobases and includes genes that control 
virus replication and viral capsid assembly, such as the Hexon, 
Penton, and Fibre genes [17]. Frequent genetic mutations in the 
virus produce new strains with different virulence, helping it 
evade the host's immunological response and making control 
more challenging [18,19]. Traditional laboratory diagnostic 
methods include virus isolation from liver or spleen tissue using 
cell cultures and histological examination to detect intranuclear 
bodies in liver cells [20]. Molecular diagnosis relies on tech-
niques such as polymerase chain reaction (PCR) to amplify vi-
ral genes and identify strains, as well as genetic sequencing to 
analyze the complete genome sequence [21]. Control and pre-
vention strategies include the use of live attenuated or inactivat-
ed vaccines, as well as recombinant vaccines developed through 
genetic engineering techniques [22]. Health management also 
includes cleaning and disinfecting farms periodically and im-
munizing mothers to provide transferred immunity to their 
chicks [23]. In addition, genes associated with virus resistance 
in chickens are currently being studied to develop more resis-
tant strains [24]. The geographical distribution of viral strains 
varies from one region to another. In Asia, FAdV-4 is prevalent, 
causing avian wasting syndrome, whereas in Europe, FAdV-8 is 
prevalent and associated with systemic inflammation. In North 
America, there are diverse strains, including FAdV-2 and FAdV-

11 [25,26]. This study aims to identify FAdV in infected broilers 
in the Basrah province, Iraq.

Materials and Methods

Ethical consideration
The current study was conducted with the permission of the 

Ethics Committee at the College of Veterinary Medicine, Uni-
versity of Basrah (reference number: 86/2024).

Case history
An outbreak with typical symptoms of adenovirus occurred 

in a flock of more than 100 infected 10-day-old chickens from 
an atypical field in the Abu Sakhir area of Basrah, Iraq. The 
study focused on postmortem changes, histopathological 
changes, and PCR to confirm diagnosis. Our study was contin-
ued from October 2023 to April 2024. The samples were pro-
cessed in the poultry laboratory at the College of Veterinary 
Medicine, University of Basrah.

Pathogenicity study
Every case was evaluated for gross lesions of the viscera. Post-

mortem lesions were prepared using the following guidelines 
[27,28]. A 10% formalin solution was used to preserve tissue 
samples obtained from internal organs, including the kidney, 
liver, and heart. The tissues were then routinely treated and 
rinsed overnight under running tap water and subsequently de-
hydrated for one hour using different ethanol concentra-
tions—50%, 60%, 70%, 80%, 90%, and 100% alcohol in that se-
quence. After the tissues were cleansed with xylene, they were 
embedded in paraffin wax. Luna said the slices were histologi-
cally examined using hematoxylin and eosin staining [29].

RNA extraction and PCR
Following the manufacturer's advised procedure, genomic 

DNA was isolated from visceral tissue lesions using a commer-
cial purification kit (Wizard Genomic DNA Purification Kit; 
Promega, USA). Until further molecular study, the eluted DNA 
was stored at −20°C. Twenty-five microliters of GoTaq G2 Co-
lourless PCR Master Mix (Promega), 5 μL of the extracted DNA 
template, 1.5 μL of each primer (forward and reverse), and nu-
clease-free water to reach the final volume in a 50 μL reaction 
vessel. Designed to target a conserved region of the adenoviral 
genome, the primers generated a 900-bp amplicon linked to the 
viral core protein. As before mentioned [30], the forward prim-
er sequence was (forward, GAYRGYHGGRTNBTGGAYATG-
GG and Reverse TACTTATCNACRGCYTGRTTCCA) An ini-
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tial denaturation step at 94°C for 5 minutes, followed by 35 am-
plification cycles of denaturation at 94°C for 60 seconds, an-
nealing at 61°C for 60-second extension, and so on comprised 
the thermal cycling schedule. To complete the amplification, a 
final extension step at 72°C for 10 minutes was performed 
[31,32].

Results

Gross lesions
The postmortem examination of birds revealed gross lesions 

in the heart, liver, and kidneys in almost all infected birds. The 
liver was enlarged, pale, and friable, with localized or diffuse re-
gions of necrosis. Occasionally, pinpoint or ecchymosis hemor-
rhages were visible in the hepatic parenchyma. The liver was 
icteric in a few isolated cases, either with or without hemor-
rhages (Fig. 1A). The pericardial sac is enlarged and accumu-
lates straw-coloured fluid with a misshapen and flabby heart 
(Fig. 1B). Kidney swelling was noted during the necropsy, and a 

localized region of necrosis. Hemorrhagic patches were visible 
on the surface of the congested kidneys (Fig. 1C).

Histopathology result
Table 1 summarizes the histopathological analysis of the birds 

under examination revealed that renal tubular degeneration 
(75.0%) was the main renal lesion and hepatocellular necrosis 
(83.3%) was the most common hepatic lesion. Intranuclear in-
clusion bodies, vascular congestion, and mononuclear inflam-
matory infiltrations in the liver, heart, and kidneys were among 
the most often noted alterations.

Liver
In hepatocytes, the histopathology reveals basophilic intranu-

clear inclusion bodies, a necrotic region, and mononuclear cell 
infiltration (Fig. 2).

Heart
Severe diffuse pericarditis and congestion of blood vessels in 

Fig. 1. (A) The liver of young broilers shows enlarged and yellowish discolouration (black arrows) and pinpoint hemorrhages (yellow 
arrows) and contains multiple hemorrhagic foci (blue arrow). (B) The heart of young broilers shows an accumulation of straw-coloured 
fluid (black arrow). (C) The kidneys of young broilers show swelling, congestion, and a localized region of necrosis (black arrows).

Table 1. Samples positive and the percentage of various histopathological lesions observed in the livers, hearts, and kidneys of 12 examined 
birds 

Organ Lesion Positive samples (n, %)
Liver Hepatocellular necrosis 10 (83.3)

Intranuclear inclusion bodies 9 (75.0)
Sinusoidal congestion 8 (66.7)
Mononuclear inflammatory infiltration 7 (58.3)

Heart Pericarditis 4 (33.3)
Myocardial degeneration 5 (41.7)
Congestion of cardiac vessels 6 (50.0)
Focal mononuclear infiltrate 4 (33.3)

Kidney Renal tubular degeneration 9 (75.0)
Mononuclear cell infiltration and intranuclear inclusion bodies 8 (66.7)
Necrosis 7 (58.3)
Glomerular congestion 6 (50.0)

AA BB CC
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the epicardium with inflammatory cell infiltration between my-
ofibers (Fig. 3). Degeneration of the cardiac muscle fibre and 
mild edema.

Kidney
Kidneys observed hemorrhages and degeneration of renal ep-

ithelium. Infiltration of mononuclear cells and basophilic intra-
nuclear inclusion bodies (Fig. 4).

Detection of DNA virus using PCR
PCR amplification for adenovirus was performed using ex-

tracted viral DNA from samples, employing both forward and 
reverse primers. Twelve samples were analyzed using the PCR 
technique (Fig. 5). DNA bands measuring approximately 900 
base pairs were observed following electrophoresis on an aga-
rose gel. Highly conserved adenovirus core protein (adenovirus 

Fig. 2. (A) The liver histopathology shows a basophilic intranuclear 
inclusion body in hepatocytes (yellow arrows) with mononuclear 
cell infiltration (black arrows) and hepatocellular necrosis (blue 
arrow) (hematoxylin and eosin [H&E] stain, scale bar = 100 μm). 
(B) The histopathology of the liver showing dilation of sinusoidal 
space (black arrows) (H&E stain, scale bar = 200 μm). (C) The liver 
histopathology showing basophilic intranuclear inclusion bodies 
in the hepatocytes (black arrows) (H&E stain, scale bar = 100 μm).

AA

BB

CC
Fig. 3. (A) Histopathology of the heart showing severe diffuse 
pericarditis and congestion blood vessels in the epicardium (black 
arrow), infiltration inflammatory cell in myofibers (blue arrow) 
(hematoxylin and eosin [H&E] stain, scale bar = 200 μm). (B) The 
histopathology of the heart shows accumulation of mononuclear 
cells in the myocardium (black arrows) with degenerated cardiac 
muscle fibres (blue arrows) and mild edema (yellow arrow) (H&E 
stain, scale bar = 100 μm).

AA

BB

Fig. 4. (A) Histopathology of the kidney showing subcapsular 
hemorrhages (yellow arrows), necrosis, and degeneration of tubu-
lar epithelium (black arrows) (hematoxylin and eosin [H&E] stain, 
scale bar = 200 μm). (B) The kidney’s hstopathology shows necro-
sis and tubular epithelium degeneration accompanied by mono-
nuclear cell infiltration (black arrow) and intranuclear inclusion 
bodies (yellow arrows) (H&E stain, scale bar = 100 μm).
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nucleoprotein) was detected in 12 out of 100 clinically suspect-
ed samples. Twelve samples were extracted from random posi-
tive PCR samples.

Discussion

FAdVs are non-enveloped, dsDNA viruses classified within 
the genus Aviadenovirus. FAdVs are categorized based on their 
serological affiliations; 12 fowl serotypes, including 8a and 8b, 
have been identified [33]. The present study was conducted un-
der field conditions on farms experiencing clear and common 
clinical outbreaks. It was not practical for a group of healthy 
birds to remain completely free of exposure due to the wide-
spread prevalence of the disease and the difficulty of ensuring 
that any flock remains free of infection under current epidemi-
ological conditions. Furthermore, there was no access to unvac-
cinated birds or birds free of the same environmental disease 
background to serve as a reliable comparator. In the present 
study, the liver was enlarged, pale, and friable with widespread 
or isolated necrotic regions. Pointy or ecchymotic hemorrhages 
signal vascular impairment, most likely resulting from coagu-
lopathy or injury to endothelial cells. Observed in a subset of 
birds, icteric colouration disturbed bilirubin metabolism and 
decreased liver function. The decrease in osmotic pressure of 
the blood can lead to the accumulation of fluid in body cavities, 
such as the pericardium, which appears as a straw-coloured flu-
id in this condition called “ascites” [34–36].

Additionally, our results regarding the cardiovascular system 
displayed evidence of severe involvement, most notably the ac-
cumulation of straw-coloured fluid within the pericardial sac 
and a flaccid, misshapen heart. These results suggest both car-

diac deterioration and increased vascular permeability [37,38].
In addition, renal examination findings of surface hemor-

rhages, localized necrosis, and increased vascular permeability 
due to the inflammatory reaction can lead to kidney swelling 
(renal oedema) and kidney dysfunction. In adenovirus (FAdV) 
infection, damage to the inner lining of blood vessels (endothe-
lial dysfunction) may occur, leading to kidney bleeding and cir-
culatory stress, which are connected to viremia and systemic 
inflammatory reactions. These gross lesions, taken together, 
confirm a severe, multi-organ impact of adenoviral infection, 
thereby highlighting the extensive tissue tropism of the virus 
[39–41].

Our results, observed under a microscope in the kidneys, in-
cluded necrosis and degeneration in renal tubular cells, which 
occur when virus replication interferes with normal cellular 
functions. Where FAdV produces inclusion bodies in the nucle-
us of renal epithelial cells. Additionally, these inclusions com-
prise viral DNA, proteins, and cellular detritus. Inclusions cause 
necrosis by displacing chromatin and interfering with regular 
nuclear functions [42,43]. The present results, observed micro-
scope changes in the liver's alterations, reveal basophilic intra-
nuclear inclusion bodies with a necrotic region and mononucle-
ar cell infiltration. The disease is caused by viral inclusion accu-
mulation and replication-related damage, leading to hepato-
cytes becoming structurally and functionally disrupted and ul-
timately resulting in necrosis [36,44], as reported by researchers 
who found necrosis in the hepatocytes of the liver. The high 
concentration of viral DNA and related proteins causes baso-
philic staining because they firmly attach to hematoxylin during 
histological staining.

Present study, serotype-specific primers were employed to 
detect the presence of chicken adenovirus (FAdV) DNA in field 
samples using agarose gel electrophoresis. Twelve samples, tak-
en from clinically afflicted birds, underwent PCR amplification. 
Indicating a 100% positive rate among the field isolates, the ad-
equate amplification of a desired area of the FAdV genome is 
shown by the identification of bands of suitable molecular 
weight. Strong evidence that the amplified fragments match the 
expected virus serotype is the specificity of the primers used. 
These results are consistent with earlier reports indicating the 
widespread circulation of FAdV among poultry populations 
during outbreaks of IBH [9,45–49]. The confirmed presence of 
FAdV DNA in every examined sample indicates the circulation 
of the virus in the poultry population investigated. Additionally, 
molecular discoveries support the general diagnosis of 
FAdV-induced disease based on gross pathology and histologi-
cal data. Moreover, the efficacy of serotype-specific primers 

Fig. 5. Agarose gel electrophoresis of amplification products from 
field fowl adenovirus strains using serotype-specific primers. Field 
isolates included 12 samples that exhibited appropriately sized 
DNA bands.
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highlights the potential use of PCR as a standard diagnostic 
method for rapid and accurate FAdV diagnosis during an epi-
demic. The present work concludes that the FAdV infection 
aligns with gross and histological results, including necrosis, 
cellular degeneration, and intranuclear inclusion bodies. Sensi-
tive molecular identification of the virus was made possible by 
serotype-specific primers and PCR, therefore verifying its pres-
ence in all examined samples. Pathology and molecular tools, 
used in conjunctions, provide a comprehensive diagnostic sys-
tem. The results advance knowledge of FAdV and help guide 
future efforts in vaccination development and surveillance. 
Also, PCR used in this study was employed to support a prima-
ry diagnosis based on clinical signs, postmortem lesions, and 
histopathology. It was not designed to distinguish directly be-
tween different virus serotypes. The primers are used to target a 
conserved region in the hexon gene, enabling the detection of 
pan-adenoviruses; however, they alone do not allow for precise 
strain or serotype identification without sequencing. The prim-
ers were designed to target the Hexon gene, one of the main 
structural proteins in adenovirus and a popular target in molec-
ular studies because it contains both conserved and variable re-
gions that facilitate detection and classification.
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