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THIS study aimed to molecular diagnose hydropericardium hepatitis syndrome (HHS) 
in the broiler chickens of six areas in Nineveh Province, Iraq namely: Mosul, Talafer, 

Baaj,  Bartela, Hamdanya and Qayara during the period October 2021-March 2022. Clinical 
and pathological manifestation of the disease in affected birds was investigated and observed. 
A total of 24 infected liver lesioned samples as 12 broiler farms (2 farms for each area) detected 
for hexon gene of FAdV by PCR and sequencing for accurate diagnosis. The results revealed 
that the PCR of liver samples for 12 broiler farms of the six regions in Nineveh Province were 
positive results of HHS adenovirus 897bp and the result of DNA sequencing revealed that the 
pathogenic HHS adenovirus of the six areas was serotype 4 of one strain E1B corresponding 
with sequencing XM_040669733.2 of National Center for Biotechnology Information NCBI. 
This study is the first of its kind for the molecular diagnosis and determination of the strain type 
of FAdV that causes HHS in broilers chicken in Nineveh Province, Iraq.

Keywords: Hydropericardium hepatitis syndrome, Fowl adenoviruses, Molecular Diagnosis,  
Broiler chickens, Nineveh Province.
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Introduction                                                                                 

Fowl adenoviruses (FAdV) are members of the 
genus Aviadenovirus and the family Adenoviridae, 
which is divided into three divisions. According 
to serum cross-neutralization tests and restriction 
enzyme digest patterns, Group 1 is split into 12 
serotypes (FAdV-1 8a and 8b - 11) and 5 species 
(FAdV A, B, C, D, and E). FAdV are linked to a 
variety of avian disorders, such as inclusion body 
hepatitis, hydropericardium hepatitis syndrome 
(HHS), and Egg Drop Syndrome EDS. FAdV 
subtypes 4 are the most common cause of these 
diseases in the chicken [1-3]. FAdV4 is the 
etiological agent for HHS which is a linear double 
stranded DNA virus. The genome is approximately 
43 to 46 kb, non-enveloped and icosahedral in 
shape. Hexon, Penton, and the fiber protein are 

three structural proteins that are encoded by the 
FAdV genome [4, 5].

HHS was first observed in 1987 at Angara 
Goth, Pakistan and therefore it was named as 
Angara disease. Later, the disease was reported in 
other countries including India where the disease 
was first detected in Jammu followed by Punjab 
and Delhi in 1994 [6] and the disease was first 
report in Iraq in 1991[7].

Broiler chicken of 3-6 weeks of age are 
mostly affected by HHS [8, 9]. There are 12 
serotypes belonging to the first group of poultry 
adenoviruses, which are widespread in various 
parts of the world, and the serotype 4 has been 
isolated from most of the cases of HHS, as it was 
isolated in Ecuador, Chile, Japan, Mexico and 
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Pakistan10,11] ]. The infected birds don’t exhibit any 
obvious signs, though a sudden death was noticed 
between 2-5 days. Birds with sporadic cases may 
exhibit various postures, grow dull and dejected in 
the final stages, and gather in a corner. The eyelids 
were closed, and the beak and chest were resting on 
the ground. The gross lesions in 90% of the affected 
birds, are the pericardium accumulates fluids with 
a green tint or fluid that is colorless, watery to 
jellylike, heart malformation with floating in the 
pericardial sac’s apex and petechial hemorrhage. The 
liver’s alterations include ecchymotic or petechial 
hemorrhage, extensive areas of mottled focal 
necrosis, friable swelling, and yellow, paleness. Lung 
congestion is present [6,7, 11,12]. 

The risk of HHS outbreaks could be minimized 
by adopting proper management and biosecurity 
measures [13] in addition to this, vaccination might 
play a key role in preventing HHS. However, there 
is still dire need of a vaccine with higher efficacy 
and fewer sides to counter FAdVs in poultry [13]. 
For that, this study aimed to survey diagnosis for 
the HHS virus in broiler chicken farms in the six 
areas of Nineveh Province, namely Mosul, Tal 
Afar, Hamdaniya, Bartella, Al-Baaj and Qayyarah 
for the period October 2021to March 2022 by 
molecular diagnosis of the adeno virus that causes 
HHS in broilers by PCR technique, as well as gene 
sequencing to determine the strain of the virus. 

Material and Methods                                           

Sample collection
A poultry population of total 24 samples from 

12 broiler farms of six areas (2 farms for each 
area): Mosul, Talafer, Baaj, Bartela, Hamdanya 
and Qayara in Nineveh Province visited regularly 

to study outbreak of HHS during the period 
from October 2021 to march 2022 .Suspected 
flocks were clinically examined, clinical sign and 
symptoms were observed. A total of 24 samples 
of dead chickens were collected after necropsy 
examination observed, liver samples and stored 
in (-20) degree for molecular diagnosis by 
polymerase chain reaction PCR.

Diagnosis of hydropericarditis and hepatitis by 
polymerase chain reaction PCR

The first step was relied upon extraction of 
DNA from chicken liver tissue using the analysis 
kit supplied by Geneaid, Taiwan, then preparation 
of agarose gel and DNA electrophoresis: was 
done for DNA transfer and detection, 1% agarose 
gel was prepared. Then the gel solution was added 
in the basin of the Tray of the transfer device after 
the special comb was fixed to form the Wells at 
the edges of the gel. Then the Tray was placed 
in an electric relay tank containing an appropriate 
amount of X1 TBE solution, after which we lifted 
the comb softly. The gel was photographed under 
ultraviolet rays using a gel documentation device 
to be able to see the DNA bundles as well as the 
PCR reaction product.

In the PCR reactions the concentration of 
DNA in all samples was adjusted by dilution 
with TE solution to obtain the concentration 
required to perform the PCR reactions, and it was 
50 ng/microliter for each sample. The presence 
of the amplified region was detected, as 4 μl 
(100 nanogram) of template DNA, and 1 μl (10 
picompl) of each gene-specific primer were added 
to the contents of the master mix (Table 1).

Then we inserted the reaction tubes into 
the thermocycler to conduct the multiplication 

TABLE 1. The sequence of hexon in DNA

Sequence Primer 

5′- CAARTTCAGRCAGACGGT -3′Hexon-A
5′- TAGTGATGMCGSGACATCAT -3′Hexon-B

TABLE 2. The special program for the PCR method

Cycle numberTimeTemperatureStageNo.

16 min.95Initial denaturation1.

35
1.30 min.95Denaturation2.
1.30 min.46Annealing3.

2 min.72Extension4.
15 min.72Final extension5.
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reaction using the special program for the reaction 
as shown in the following (Table 2).

DNA sequencing analysis
The DNA sequencing technique is the basis 

for identifying and detecting genetic mutations, 
SNP variations and the strain of virus. Usually, the 
output of the PCR reaction is used to determine 
the amplified segment sequences in which genetic 
differences are required. 

The sequence of nitrogenous bases of the 
amplified DNA pieces of the chicken liver tissue 
was determined. The PCR reaction products of 
the aforementioned samples were sent with the 
primers of the resulting package. The sequence 
of genes was read based on the 3130 Genetic 
Analyzer device supplied by the Hitachi Co., 
Japan. Gene-specific sequences were matched 
with those documented in the National Center 
for Biotechnology Information (NCBI) and the 
results were analyzed using BLAST.

Result                                                                                         

Diagnosis the adenovirus by PCR
All results showed that the PCR of liver 

samples for 12 broiler farms of the six regions 
in Nineveh Province, namely: Mosul, Talafar, 
Hamdaniya, Bartella, Al-Baaj and Qayyarah with 
a positive results of HHS adenovirus and the 
result was 897bp (Fig. 1), in the period (October 
2021 - March 2022). 

Molecular diagnosis of adenovirus by DNA 
sequencing

The result of molecular diagnosis of adenovirus 

by DNA sequencing revealed that the pathogenic 
HHS adenovirus causative agent of the six areas 
in Nineveh Province was adenovirus serotype 4 
of one strain E1B for all of them according to the 
gene sequencing below and corresponding with 
sequencing ID: XM_040669733.2 of National 
Center for Biotechnology Information NCBI 
(Fig. 2). 

A G C G G C G G G A A G C G C G G G G C -
C AT G G C G G G C G G C G G C G A C G A C G -
GCTCTGGGTGGAGCTGCGCTGCGACCCC-
GCGCCCTTCTCGTGCCACGCCGACGTG-
GAGCGGATGCTGCTGGAGGCGCAGCTG-
G A G C C G G A C G G C G C C G A C G G G G C -
GCTGCCGGCGCGCGGCCCCCCGGCCC-
GGGACGAGGAAGACGCCGCAAAGGT-
GAGCGAGAGGCTCCGCCCCGCCCC -
GGGCCGCCCGCAGACCCCGCCGGGCC-
GGGAAGGAGCGCCGAAGTCCCGCGTG-
GAGCCCCCCGCGCCGCGAGACGCCCCG-
CAGGACGCCGAGCGGACCGAGCGCC-
GTCCGCCCGCAGCGCTCAGCCGGAGCT-
GCGCGGAGCCGCGCCGCGCGAAGGAC-
CACCTCCCCTTCGCGTGTCCCCCCCCTC-
CGGTGCGGTGGGCGCTGCGGGACG-
GCGCGGTGCTGAGGAAGAAGGGGC-
CGTTCAGCTCCGAGCTGCTGCTGCTC-
GTCATCCCCTCGCTGCTGCTCAGCCAC-
GTGCTGACCCTGGGCCTGGGGATCTA-
CATCGGGAAGCGGCTGGCGGCCTCCTCG-
GCAAACCCGCTGTGAGCGCCGGGCCCG-
GCGGGGAGCGGCCTCCGTTCCGCTCTGC-
GGGGGGGTGCAGCGCGGTGCTCAGCGC-
GGCCGTCTGTCCGCGGACCCCGCGGCT-
GTGGCACGCAGCGCCGTCTGCCCCTCC

Fig. 1. PCR Result of Liver Tissue Samples Containing HHs Adenovirus 897 bp
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Disscusion                                                                                 

Although the disease has been reported 
in almost all the areas of Iraq, the objective 
of the current study was to accurate diagnose 
of HHS fowl adenovirus in the broilers farms 
of six regions in Nineveh Province, namely: 
Mosul, Talafar, Hamdaniya, Bartella, Al-Baaj 
and Qayyarah by PCR technique and DNA or 
gene sequencing to detect the accurate strain of 
adenovirus. Adenoviruses are among the viruses 
that are widely spread in all types of birds, as 
shown by numerous studies, where the presence 
of antibodies to adenoviruses was observed in 
healthy chickens and these viruses were isolated 
from uninfected natural birds as well [14]. 

Two significant illnesses known as inclusion 
body hepatitis IBH and hydropercardium hepatitis 
are caused by chicken adenoviruses. Although in 
certain situations, each disease is seen separately, 
the two cases have been consistently seen 
together, hence this pathological condition is 
known as hydropercardium hepatitis syndrome. 

Fig. 2. Molecular diagnosis of HHS adenovirus by gene sequencing in the broiler farms of Nineveh Province, Iraq

This sickness affects young chickens and is a 
severe illness that is accompanied by anaemia, 
and fluid accumulation surround the heart 
(Hydropercardium) [15, 16]. 

There are 12 different avian adenovirus 
serotypes, but the majority of the viruses found 
in cases of hydropercardium hepatitis belong 
to the  serotypes 4 and 8 because which they 
have the ability to cause disease without the 
immunosuppression caused by some viruses, for 
example, infectious bursal disease IBD virus or 
any other factor that suppresses the immunity 
of chickens, but coincidence with infection with 
viruses that cause immunosuppression such as 
IBD and Chicken infectious anemia CIA results 
in severe concurrent diseases in broiler chickens 
[17]. Although, some strains of fowl adenovirus 
may produce a mild infection [17, 18].

The result of PCR as an accurate diagnosis 
for HHS fowl adenovirus FAdV Hexon gene 
in the broilers farms of six regions in Nineveh 
Province, was 897bp which is positive for all liver 
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tissues of broilers farms and is consistent and 
compatible with what was previously diagnosed 
by PCR technique targeting the FAdV Hexon 
gene. Interestingly, hexone protein and fiber 
proteins were described to play a major role in the 
pathogenicity of serotype 4 of chicken adenovirus, 
specifically because of the amino acid residues. At 
position 188 of the hexone protein is responsible 
for the pathogenicity of serotype 4 of chicken 
adenovirus  [19, 20].

In recent years, the results presented by the 
DNA Sequencing technology be highly accurate 
in identifying genetic mutations [21], so the result 
of the molecular diagnosis by genetic sequencing 
of the DNA amplified pieces of adenovirus from 
chicken livers, showed that the causative agent of 
the disease in the six regions was serotype 4 of 
one strain E1B for all of them according to the 
XM_040669733.2 gene sequence from NCBI. 
The serotype 4 considered the dominant serotype 
associated with the HHS and IBH in Iraq in 
particular and the Middle East in general, as it was 
observed that strains of chicken adenovirus FAdV 
in the Emirates clustered together with the same 
serotype of the virus and spread in Saudi Arabia 
(KY606586.1), Pakistan (MH151202.1 and 
EU931693.1), Nepal (MN604721.1), and China 
(MK629523.1, KY426988.1 and MH006602.1) 
(22, 23), this is consistent with what was stated 
with the study of Abdulrahman et al.[22], where 
isolates of chicken adenovirus were detected 
between the years 2013-2021 in Iraqi Kurdistan 
that there are two different types of the virus, and 
both genotypes have a different genetic evolution, 
namely FAdV-D and FadV-E. This is agree with 
other studies in Korea during the outbreak of 
chicken adenovirus [24].

It is necessary to continue investigating 
the spread of diseases caused by the chicken 
adenovirus FAdV and to understand the genetic 
epidemiology of the viruses associated with it, as 
co-infections from multiple serotypes have been 
observed in other regions of the world, such as 
China [14].

Acknowledgment
Our thanks to the University of Mosul, the 

College of Veterinary Medicine, and the College 
of Dentistry for the facilities provided to complete 
this study.

Conflict of interest
There is no conflict of interest with personal 

financial statement.

References                                                                                       

1. Niu, Y., Sun, Q., Zhu, M., Zhao, J., Zhang, G., 
Liu, X. and Liu, S.. Molecular epidemiology and 
phylogenetic analysis of fowl adenoviruses caused 
hydropericardium outbreak in China during 
2015. Poultry Science, 97(3), 803-811. (2018). 
https://doi.org/10.3382/ps/pex338

2. Arsani, R.K., Gupta, B.K., Sharma, S.K., 
Singh, S.P. and Kotach, R.C. Hydropericardium 
Hydropathy Syndrome in Asian Poultry.The 
Veterinary Record, 141, 271-273.(1997) https://
doi.org/10.1136/vr.141.11.271

3. Ganesh, K., Suryanarayana, V.V.S. and Raghavan, 
R. Detection of Fowl Adenovirus Associated 
with Hydropericardium Hepatitis Syndrome by a 
Polymerase Chain Reaction. Veterinary Research 
Communications, 26, 73-80(2002). https://doi.
org/10.1016/s0378-1135(00)00288-1

4. Abdul-Aziz, T.A., and Al-Attar, M.A. New 
syndrome in Iraqi chicks. Vet. Rec., 129 (12), 272-
275 (1991). doi: 10.1136/vr.129.12.272.

5. Mcferran, J.B., and Smyth, J.A. Avian adenoviruses. 
Rev. Sci. Tech. Off Int. Epiz., 19(2), 589-601(2000). 
https://doi.org/10.20506/rst.19.2.1238

6. Gowda, R.N.S. and Satyanarayana, M.L. 
Hydropericardium syndrome in poultry. 
Indian J. Vet Pathol., 18, 159–161(2004). 
https:/ / l ink.springer.com/article/10.1023/
B:VERC.0000012115.86894.1e

7. Hafez, H.M. Avian adenoviruses infections with 
special attention to inclusion body hepatitis/
hydropericardium syndrome and egg drop 
syndrome. Pakistan Veterinary Journal, 31(12), 
85–92 (2011). https://agris.fao.org/agris-search/
search.do?recordID=PK2011000971 

8. Wang, J., Zaheer, I., Saleemi, M.K. The first 
complete genome sequence and pathogenicity 
characterization of fowl adenovirus 11 from 
chickens with inclusion body hepatitis in Pakistan. 
Vet. Microbiol., 244,108670. (2020). https://doi.
org/10.1016/j.vetmic.2020.108670

9. Kataria, J.M., Dhama, K., Nagarajan, S., 
Chakraborty, S., Kaushal, A. and Deb, R. 
Fowl adenoviruses causing hydropericardium 
syndrome in poultry. Adv. Anim. Vet. Sci., 
1(4S), 5-13 (2013). https://doi.org/10.1023/
b:verc.0000012115.86894.1e



588

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)

ZAID TH. AL-TAEE AND MOHAMED G. SAEED

10. Shane, S.M., and Jaffery, M.S. Hydropericardium 
syndrome (Angara disease). in Diseases of Poultry, 
10th ed., (Ed.) Calnek BW, Iowa State University 
Press Ames, Iowa, pp.1919-1022 (1997).

11. Toro, H., Prusas, C., Raue, R., Cerda, L., Geisse, 
C., Gonzales, C. and Hess, M. Characterization of 
fowl adeno viruses from outbreaks of inclusion 
body hepatitis/hydropericardium syndrome in 
Chile. Avian Dis., 43, 262-270(1999). https://doi.
org/10.2307/1592616

12. Zahraa A. AL-Noaimy and AL-hially A. 
“Hydropericardium  hepatitis syndrome in 
chickens/Article review . Mesopotamia Journal 
of Agriculture, 50 (1), 41-51(2022). https://magrj.
mosuljournals.com/

13. Akhtar, S. Hydropericardium syndrome in 
broiler chickens in Pakistan. World’s Poult. Sci. 
J., 50, 177- 182(2007). https://doi.org/10.1079/
wps19940015

14. Chen, Z., Shi, S., Qi, B., Lin, S., Chen, C., Zhu, C. 
and Huang, Y. Hydropericardium syndrome caused 
by fowl adenovirus serotype 4 in replacement 
pullets. J. Vet. Med. Sci., 81(2),245-251(2019). 
doi: 10.1292/jvms.18-0168.

15. Chandra, R., Shukla, S.K. and Kumar, M. The 
hydropericardium syndrome and inclusion body 
hepatitis in domestic fowl. Tropical Animal Health 
and Production, 32, 99-111(2000). https://doi.
org/10.1023/a:1005230703093

16. Mittal, D., Jindal, N. and Khokhar, R.S. 
Epidemiological studies on inclusion body hepatitis-
hydropericardium syndrome in broiler chicken in 
Haryana state. Haryana Vet., 53(1), 34-38(2014). 
https://doi.org/10.1007/s13337-013-0183-7

17. Rahul, S., Kataria, J. M., Senthilkumar, N., 
Dhama, K., Sylvester, S. A., and Uma, R. 
Association of fowl adenovirus serotype 12 with 
hydropericardium syndrome of poultry in India. 
Acta Virologica, 49(2), 139-143(2005). https://
pubmed.ncbi.nlm.nih.gov/16047743/

18. Dey, S., Pathak, D.C., Ramamurthy, N., Maity, 
H.K. and Chellappa, M.M. Infectious bursal 
disease virus in chickens: prevalence, impact, 
and management strategies. Veterinary Medicine: 
Research and Reports, 10, 85-97 (2019). https://
doi.org/10.2147/vmrr.s185159

19. Hess, M. Aviadenovirus infections. Diseases 
of Poultry, 19, 290-300 (2013),  https://doi.
org/10.1002/9781119421481.ch9

20. Zhang, Y., Liu, R., Tian, K., Wang, Z., Yang, X., 
Gao, D., Zhang, Y., Fu, J., Wang, H. and Zhao, 
J. Fiber2 and hexon genes are closely associated 
with the virulence of the emerging and highly 
pathogenic fowl adenovirus 4. Emerg. Microbes 
Infect., 7,1-10(2018). https://doi.org/10.1038/
s41426-018-0203-1

21. DePristo, M. A., Banks, E., Poplin, R., Garimella, 
K. V., Maguire, J. R., Hartl, C. and Daly, M. J. A 
framework for variation discovery and genotyping 
using next-generation DNA sequencing 
data. Nature Genetics, 43(5), 491-498 (2011 ). 
https://doi.org/10.1038/ng.806

22. Abdulrahman, N.R., Saeed, N.M., Dyary, H.O., 
Mohamad, S.F., Sulaiman, R.R., Rashid, P.M.A., 
Dana, O.I., Abdulahad, E.A. and Mahmood, Z.H. 
Outbreaks of Inclusion Body Hepatitis Caused 
by Fowl Adenovirus in Commercial Broiler 
Farms in the Kurdistan Region, North Iraq from 
2013 to 2021. Pakistan Veterinary Journal, 
42(2),201-207 (2021). https://doi.org/10.24271/
psr.2022.313268.1103

23. Ishag, H.Z.A., Terab, A.M.A., El Tigani-
Asil, E.T.A., Bensalah, O.K., Khalil, N.A.H., 
Khalafalla, A.I., Al Hammadi, Z.M.A.H., Shah, 
A.A.M. and Al Muhairi, S.S.M. Pathology and 
Molecular Epidemiology of Fowl Adenovirus 
Serotype 4 Outbreaks in Broiler Chicken in Abu 
Dhabi Emirate, UAE. Veterinary Sciences, 9(4), 
154, pages 1-12 (2022). https://doi.org/10.3390/
vetsci9040154

24. Niczyporuk, J.S. Molecular characterisation of 
fowl adenovirus type7   isolated from poultry 
associated with inclusion body hepatitis in Poland. 
Arch. Virol., 162,1325-1333(2017). https://doi.
org/10.1007/s00705-017-3240-5



589

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)

MOLECULAR DIAGNOSIS OF ADENO VIRUS ASSOCIATED WITH HYDROPERICARDIUM …

الكبدHHS  في  والتهاب  التامور  لمتلازمة موه  الجزيئي  التشخيص  إلى  الدراسة  هدفت هذه 
البعاج ،   ، تلعفر   ، الموصل  بالعراق وهي:  نينوى  اللحم في ست مناطق في محافظة  فروج 
برطلة ، الحمدانية والقيارة خلال الفترة من تشرين الأول (أكتوبر) 2021 إلى آذار (مارس) 
فروج  اكباد  عينات  جمع  تم   . المذكورة  الحقول  في  المرض  وملاحظة  التحري  تم   .2022
منطقة)  لكل  (حقلين  الستة  للمناطق  لحم  فروج  بواقع 12 حقل  عينة  بما مجموعه 24  اللحم 
لتحديد جين Hexon لـفايروس أدينو الدواجن FAdV بواسطة تقنية تفاعل البلمرة المتسلسل 
PCR والتسلسل الجيني DNA sequencing من أجل التشخيص الدقيق. كانت نتائج تفاعل 
البلمرة المتسلسل PCR لعينات الكبد في 12 حقل فروج لحم في المناطق الست في محافظة 
نينوى موجبة لـفايروس أدينو الدواجن  897bp ، وأظهرت نتيجة تسلسل الحمض النووي أن 
لـفايروس أدينو الدواجن المسبب  لمتلازمة موه التامور والتهاب الكبد في المناطق الست كان 
من النمط المصلي 4 لعترة واحدة E1B  ذو التسلسل XM_040669733.2 للمركز الوطني 
للتشخيص  نوعها  الأولى من  الدراسة هي  تعد هذه   .  NCBI الحيوية التكنولوجيا  لمعلومات 
التامور والتهاب  المسبب  لمتلازمة موه  الدواجن  أدينو  فايروس  الجزيئي وتحديد نوع عترة 

الكبد في فروج اللحم في محافظة نينوى في العراق.

الكلمات المفتاحية: متلازمة موه التامور والتهاب الكبد، ـفايروس أدينو الدواجن، التشخيص 
الجزيئي، فروج اللحم، محافظة نينوى. 

التشخيص الجزيئي لفيروس أدينو الدواجن المرتبط بمتلازمة موه التامور والتهاب الكبد في 
فروج اللحم في محافظة نينوى، العراق
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