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INTRODUCTION

Duck virus hepatitis (DVH) is an acute viral disease 
that commonly affects flock of ducklings that are 

up to 3 weeks old. It is characterized by a sudden onset 
causing severe losses because of its high mortality, ranging 
from 90% to 100% within 3–4 days. The disease is caused 
by three distinct serotypes of duck hepatitis virus (DHV-
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1–3), which is a member of the genus Avihepatovirus of 
the Picornaviridae family (Fu et al., 2008, ICTV, 2017). 
Serotype 1 (DHV-1) is renamed as duck hepatitis A vi-
rus-1 (DHAV-1) and represents the most virulent sero-
type with an important effect on the worldwide poultry 
industry (Ding and Zhang, 2007; Tseng et al., 2007). The 
disease was first reported in 1945 inthe USA (Levine and 
Fabricant, 1950). After that, the spread of the disease was 
recorded in several countries (Guerin et al., 2007; Sandhu 
et al., 1992; Woolcock, 2008). The clinical manifestations 
are characterized by systemic convulsions, locomotor dis-
orders, feet spasm, and opisthotonos. In addition, the liver 
appears enlarged with petechial and ecchymotic hemor-
rhages on the surface (Liu et al., 2008; Tsai, 2020). There-
fore, both prevention and rapid diagnosis are the logical 
and most effective strategies for controlling the disease 
(Woolcock, 2003).

The DHAV-1 viral genome is formed from a nonenveloped, 
positive-sense, single-stranded RNA of approximately 7.8 
kb. It comprises the open reading frame encoding leader 
protein (L), structural proteins (VP0, VP1, and VP3), and 
nonstructural proteins (2A1, 2A2, 2A3, 2B, 2C, 3A, 3B, 
3C, and 3D) (Wei et al., 2012). The 3D gene is located in 
the P3 segment of the picornavirus genome. VP1 capsid 
protein is considered the main antigenic determinant, as 
in other picornaviruses. Therefore, it shared its viral path-
ogenicity and virulence with DHAV (Gao et al., 2012). In 
addition, the 3D gene encodes a protein that implicates a 
conserved domain known as RNA-dependent-RNA pol-
ymerase (RdRp) that contributes toviral RNA synthesis 
throughout virus replication (Kim et al., 2006; Kerkvliet 
et al., 2010).

Conventional diagnoses are based on clinical signs, such as 
gross lesions confirmed using virus isolation and serologi-
cal tests, which are laborious, time-consuming, and exhibit 
low sensitivity. To overcome these drawbacks, various bi-
oassays and techniques of polymerase chain reactionhave 
been developedfor the rapid, simple, and potent diagno-
sis and detection of the persistent evolution of DHAV-
1. Moreover, the application of the PCR assay offered a 
great understanding of the pathogenesis and diagnosis of 
DHAV-1. The successful detection of DHAV-1 in cell cul-
ture and tissues from infected ducks via PCR using spe-
cies-specific primer sets against viral DNA polymerase 
enzymes has been reported (Kim et al., 2007; Liu et al., 
2007; Anchun et al., 2009; Wen et al., 2014; El-Samadony 
et al., 2018).

In Egypt, DVH was discovered in the1970s. Since the 
prevalence of duck farms in Egypt, DHAV-1 has posed 
destructive damages and constitutes a major menace for 
commercial duck farms (Ellakany et al., 2002; Erfan et al., 

2015; Hisham et al., 2020). For influential domination on 
the DHAV-1, massive immunization was performed in 
Egypt (Ellakany et al., 2002; Abd-Elhakim et al., 2009). 
However, despite the attenuated Rispens strain E52 vac-
cine being commercially used to immunize breeder ducks 
against DHAV-1, severe mortalities were recorded in both 
vaccinated and non-vaccinated ducks and DHAV-1 still 
poses a continual significant threat in the duck sector in 
Egypt (Abd-Elhakim et al., 2009). Lately, research has 
been applied for the surveillance and molecular character-
ization of DHAV-1 in various studies (Erfan et al., 2015; 
Yehia et al., 2021; Rohaim et al., 2021).

This study aimed to perform a molecular diagnosis of the 
DHAV-1 circulating in naturally infected flock of ducks 
using reverse transcription PCR (RT-PCR) followed by 
obtaining a genetic sequence of the 3D gene to track the 
evolutional variations at the molecular level.

MATERIAL AND METHODS

Duck flocks
Three mixed-sexflock of ducks (two Muscovy and one Pe-
kin) aged 2–4 weeks with flock capacity range of 4500–
5000 birds were used in the study. These flocks showed 
signs and lesions of DVH, with a mortality rate of 8.9% 
on the firstday that increased till 75% in all flocks within 
4 days. Flocks of duck were reared in commercial farms 
in Monofia and Al-Gharbia governorates, Egypt. As per 
the breed management manuals, the flocks were fed on a 
balanced ration (NRC, 1984).

Samples
The liver samples were aseptically collected from freshly 
dead ducklings or ducklings with clinical signs and le-
sions between August and October 2018. Each sample was 
classified into two groups. One group was sent for histo-
pathological examination, and the other group was sent for 
RT-PCR application. First, each sample for RT-PCR was 
homogenized and suspended 20% W/V in sterile antibi-
otics saline and then subjected to three successive freeze–
thaw cycles, and the suspension fluid was separated via 
centrifugation at 3000 rpm for 15 min. Finally, the clear 
supernatant was separated and kept at −20°C till further 
use in RT-PCR (Woolcok, 1998).

Histopathological examination
The liver specimens of the affected ducklings were fixed in 
10% buffered neutral formalin solution, processed in paraf-
fin sections of4–6 μm, stained with hematoxylin and eosin 
(H&E), and then microscopically examined (Suvarna et 
al., 2012).
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Table 1: Published sequences of 3D of DHV used for multiple alignment analysis.
NO. Accession No. DHAV-1 strain name Governorate Breed Collection date
1 MT157210 DHV/Duck/Egypt/Monofia-Shemy-1/2018* Monofia Muscovy 2018
2 MT157211 DHV/Duck/Egypt/Al-Gharbia-Shemy-3/2018* Al-Gharbia Pekin 2018
3 MT157212 DHV/Duck/Egypt/Monofia-Shemy-2/2018* Monofia Muscovy 2018
4 KP148263.1 DVH A virus strain vaccine
5 KP148264.1 F340 Ismailia Pekin 2012
6 KP148265.1 F953 Behara Pekin 2013
7 KP148266.1 F86 Luxor Pekin 2013
8 KP148267.1 F163 Luxor Muscovy 2013
9 KP148268.1 F413 Qena Muscovy 2013
10 KP148269.1 F729 Qaluibia Mallard 2013
11 KP148270.1 F829 Giza Green 

Winged
2013

12 KP148271.1 F10 Ismailia Mallard 2014
13 KP148272.1 F243 Sharkia Muscovy 2014
14 KP148273.1 F355 Sharkia Pekin 2014
15 KP148274.1 F112 Ismailia Pekin 2014
16 KP148275.1 F147 Ismailia Pekin 2014
17 KP148276.1 F321 Behara Pekin 2014
18 KP148277.1 F215 Beni-Suef Green 

Winged
2014

19 KP148278.1 F387 Ismailia Pekin 2014
20 KX639146.1 DHV-EGYPT/16160F-2016 Sharkia Muscovy 2016
21 KX639141.1 DHV-EGYPT/141122F-2014 Behara Pekin 2014
22 KX639142.1 DHV-EGYPT/151283F(3)-2015 Sharkia Pekin 2015
23 KX639143.1 DHV-EGYPT/15298F-2015 Fayoum Mallard 2015
24 KX639144.1 DHV-EGYPT/15P18-2015 Menoufiya Muscovy 2015
25 KX639139.1 DHV-EGYPT/14921F-2014 Qaluibia Pekin 2014
26 KX639145.1 DHV-EGYPT/151283F(4)-2015 Beni-Suef Mallard 2015
27 KX639140.1 DHV-EGYPT/14923F-2014 Giza Muscovy 2014
28 KX639147.1 DHV-EGYPT/151283F(2)-2015 Gharbia Muscovy 2015
29 KX639148.1 DHV-EGYPT/151283F(1)-2015 Ismailia Muscovy 2015
30 KP202874.1 DHV/Duck/Egypt/Al-Gharbia/2014 Al-Gharbia Pekin 2014

(*) indicates DHV field isolates of the current study

Detection of RNA of DHAV-1 by one-step RT-
PCR
RNA extraction methods
Viral RNA extraction from the liver tissue was performed 
using the Patho Gene-spin™ DNA/RNA Extraction Kit 
(iNtRON Biotechnology, Seongnam, Korea), following 
the manufacturer’s instructions. RNA concentrations were 
measured using the NanoDrop ND-1000 (NanoDrop, 
Wilmington, DE). The samples were storedat −20°C for 
one-step RT-PCR (OIE, 2018).

Oligonucleotide primers design
The one-step RT-PCR was performed using the specific 

primers, DHAV-1 Com F (5’-AAG-AAG-GAG-AAA-
ATY-[C or T]- AAG-GAA-GG-3’) and DHAV-1 Com 
R (5’-TTG-ATG-TCA-TAG CCC-AAS- [C or G]-
ACA-GC-3’). The primers were flanked by an expected 
467 bp DNA sequence in the 3D gene (OIE, 2018).’

One-Step RT-PCR: The one-step RT-PCR was 
conducted using 20μL of reaction mixtures DHV-1 ComF 
and DHV-1 ComR, a T-gradient thermal cycler (Biometra, 
Gottingen, Germany) was used to perform one-step RT-
PCR. First, reverse transcription was performed at 45°C 
for 30 min, after which the enzyme was inactivated at 94°C 
for 5 min.
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PCR amplification was conducted using the following 
steps:an initial denaturation for 20 s at 94°C, followed by 
40 cycles of annealing for 30 s at 52°C, extension for 30 s 
at 72°C, denaturation for 20 s at 94°C, final extension for 5 
min at 72°C, and reactions were stored at 4°C (OIE, 2018).

DNA Molecular weight marker
The amplified products were read using a 100 bp ladder 
(NEW ENGLAND BioLabs).

Agarose gel electrophoreses
Electrophoresis for amplicon separation was applied on 
1.5% agarose gel prepared according to Sambrook et al. 
(1989).

The gel was visualized and captured using a gel documen-
tation system, and the data was analyzed using acomputer 
software.

Sequencing and phylogenetic analyses of the 
amplified part of the 3D gene
Sequencing of the PCR amplified products was conducted 
using the GATC company ABI 3730xl DNA sequencer 
and forward/reverse primers. The traditional Sanger se-
quencing technique was combined with the new 454 tech-
nology for sequencing 467 bp PCR product of the DHAV-
1 3D gene. To establish the sequence identity for GenBank 
accessions, a BLAST® analysis (Basic Local Alignment 
Search Tool) (Altschul et al., 1990) was initially per-
formed. The published data of 26 Egyptian viruses and one 
reference vaccine strain from the GenBank were available 
from the National Center for Biotechnology Information 
(NCBI) Duck hepatitis A virus resource (https://www.
ncbi.nlm.nih.gov/nuccore/?term=duck+hepatitis+a+vi-
rus+3D+protein) (Table 1). The alignment of the viruses 
in this study was performedusing the MegAlign module 
of Lasergene DNAStar (Thompson et al., 1994). Then, 
the identity percent and divergence amongall viruses were 
determined. Finally, phylogenetic analysis was conducted 
using the MEGA v6.0 software (Tamura et al., 2013). The 
three reported partial sequences of the 3D gene were sub-
mitted to GenBank under the following accession num-
bers: MT157210, MT157211,and MT157212.

RESULTS AND DISCUSSION

DVH is one of the most significant viral diseases in young 
ducklings, causing high potential mortality and great eco-
nomic losses. Shalaby et al. (1978) reported the first oc-
currence of this disease in Egypt in the 1970s. Because of 
the immature immune system in young ducklings, which 
is incapable of protecting them from virus infection and 
propagation, the seriousness of infection with DHAV-1 is 
chiefly age-dependent (Song et al., 2014). Earlier research 

recorded that acute infections caused by DHAV-1 was 
correlated with Pekin, Mallard, and hybrid breeds, whereas 
Muscovy ducklings appeared to be the stable carriers of 
DHAV-1 infections. However, pancreatitis and encephali-
tis have been reported to be correlated to Muscovy duck-
lings’ infection (Zhu et al., 2019). Conventional methods 
used for diagnoses are based on clinical signs,such as gross 
lesions in ducklings confirmed usingvirus isolation and se-
rological tests. Lately, a number ofquick and specific RT-
PCR techniques have been designed to identify the pres-
ence of DHAV-1 RNA (Kim et al., 2007; Liu et al., 2007; 
Anchun et al., 2009; Wen et al., 2014; OIE, 2018).

In the current investigation, the liver samples were col-
lected from three duck farms representing Muscovy and 
Pekin breeds aged 2–4 weeks, and located in two Egyptian 
governorates (Monofia and Al- Gharbia) between August 
and October 2018. The commonly recorded clinical signs 
among examined ducklings were nervousrelated,such as 
ataxia, imbalance, lateral recumbency, keel over, kick spas-
modically, and opisthotonos followed by death (Figure 1). 
The mortality rate reported in affected flocks reached 75% 
within 3–4 days. The results were consistent with those 
previously recorded in DHV infection studies (OIE, 2010; 
Erfan et al., 2015).

Figure 1: Lateral, keel recumbency, keel over, and retracted 
head on back.

The liver of the examined ducklings was enlarged with 
hemorrhages. In addition, enlarged spleen and kidneys 
with congested renal blood vessels were also observed 
(Figure 2). Similarly, variable lesions were recorded in the 
liver and kidneys (OIE, 2010; Hisham et al., 2020).

Histopathological examination of the liver sections of the 
affected ducklings with clinical signs showed portal vein 
and bile duct congestion accompanied byhepatic cord dis-
organization. Focal areas of coagulative necrosis character-
ized by inflammatory cells infiltration and vacuolar degen-
eration in the cytoplasm of the hepatocyte were also 

https://www.ncbi.nlm.nih.gov/nuccore/?term=duck+hepatitis+a+virus+3D+protein
https://www.ncbi.nlm.nih.gov/nuccore/?term=duck+hepatitis+a+virus+3D+protein
https://www.ncbi.nlm.nih.gov/nuccore/?term=duck+hepatitis+a+virus+3D+protein
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Figure 2: Enlarged liver with hemorrhages.

Figure 3: Liver sections of duckling naturally infected 
with DVH (H&E, X100) showing
a. Normal liver tissue
b. Portal vein and bile duct congestion (arrow) accompanied 
by hepatic cord disorganization
c. Focal area of coagulative necrosis (C) characterized 
by inflammatory cells infiltration (arrow) accompanied 
byhepatic cord disorganization and vacuolar degeneration 
in the cytoplasm of the hepatocytes
d. Focal area of coagulative necrosis characterized by 
inflammatory cells infiltration (arrow) accompanied 
byhepatic cord disorganization and vacuolar degeneration 
in the cytoplasm of the hepatocytes
e. Diffuse vacuolar degeneration and severe necrosis of 
hepatocytes and lymphocytic infiltration of the central vein
f. Multifocal area of coagulative necrosis characterized 
by inflammatory cells infiltration (arrow) accompanied 

byhepatic cord disorganization and vacuolar degeneration 
in the cytoplasm of the hepatocytes

Figure 4: Liver sections of duckling naturally infected 
with DVH (H&E) showing
a. Severe portal vein congestion (arrow). The bile duct 
suffered from narrowing because of epithelial lining 
hypertrophy accompanied by severe hepatocyte necrosis 
(X100)
b. Focal area of coagulative necrosis characterized by 
inflammatory cells infiltration (arrow) accompanied 
byhepatic cord disorganization and severe hepatocytes 
necrosis (X200)
c. Large eosinophilic intranuclear inclusion surrounded by 
a clear halo in the hepatocytes (X400)
d. Large eosinophilic intranuclear inclusion surrounded by 
a clear halo in the hepatocytes (X400)

observed. Further lesions, including narrowing of the bile 
duct due to epithelial lining hypertrophy and the existence 
of large eosinophilic intranuclear inclusion bodies sur-
rounded by a clear halo in the hepatocytes, were mark-
edly seen (Figures 3 and 4). These results were analogous 
to those reported by Fitzgerald et al. (1969), Sheng et al. 
(2014), Hassaan et al. (2018), and Mansour et al. (2019).

In this study, implementation of one-step RT-PCR for 
processed livers using specific primers aiming the 3D gene 
of DHAV-1 showed the output of the amplified band in 
all examined specimens at acertain supposed size of the 3D 
encoding gene (467 bp). These results were analogous to 
those obtained by El-Samadony et al. (2016) and Zanaty 
et al. (2017).

In our study, the successfully amplified 3D gene of 
DHAV-1 isolates named DHV/Duck/Egypt/Mono-
fia-Shemy-1/2018, DHV/Duck/Egypt/Al-Ghar-
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bia-Shemy-3/2018, and DHV/Duck/Egypt/Mono-
fia-Shemy-2/2018 was subjected to sequencing and then 
submitted to the NCBI GenBank; the accession numbers 
were MT157210, MT157211,and MT157212, respective-
ly.

In Egypt, live attenuated vaccine prepared from the E52 
Rispens strain is used for vaccination of breeder duck in-
tramuscularly, which is administered 2–3 weeks before lay-
ing to yield high titers of passively transferred maternal 
antibody in newly hatched ducklings, thereby maintaining 
them for the first two weeks of their lives (Ellakany et al., 
2002; Abd-Elhakim et al., 2009). Occasionally, there is an 
infection in non-vaccinated ducklings with low immu-
nity because of vaccinal shedding from vaccinated duck-
lings. Further, the occurrence of the DHAV-1 disease in 
immunized ducklings was recorded (Mahdy, 2005; Jin et 
al., 2008; Li et al., 2013). However, the actual reason for 
the appearance of DHAV-1 infection in immunized flock 
of ducks in Egypt wasnot identified. This may bebecause 
of the antigenic variation that occurred in the field virus. 
Thus, the accustomed vaccine cannot provide enough pro-
tection (Zanaty et al., 2017).

The alignment of the sequenced amplified 3D gene of 
three examined field isolates with the published 3D se-
quence of some Egyptian DHV isolates and vaccine strain 
was performed (Figure 5). Sequence analysis of nucleotide 
alignment for the 3D gene revealed 92.5%–98.6% homol-
ogy between our sequenced isolates.

Our isolate, DHV/Duck/Egypt/Monofia-Shemy-1/2018, 
showed 79.9%–97.3% nucleotide identity with the previ-
ous isolates from Egyptian governorates. Further, the field 
isolate, DHV/Duck/Egypt/Al-Gharbia-Shemy-3/2018,-
showed 77.4%–93.1% similarity with the previous field 
isolates fromEgyptian governorates. Our isolate, DHV/
Duck/Egypt/Monofia-Shemy-2/2018, showed a nucle-
otide identity of 80.2%–98.8% withtheprevious isolates 
from Egyptian governorates. The three examined isolates 
(DHV/Duck/Egypt/Monofia-Shemy-1/2018, DHV/
Duck/Egypt/Al-Gharbia-Shemy-3/2018, and DHV/
Duck/Egypt/Monofia-Shemy-2/2018) showed nucleo-
tide similarities of 77.4%–80.2% with the most frequently 
used DHAV-1 vaccine in Egypt. The phylogenetic rela-
tionship using the partial 3D protein revealed that the iso-
lated Egyptian strains used in this study were distant from 
the vaccine strain used in Egypt (Figure 6). The deduced 
amino acid substitutions of the 3D gene of our investigat-
ed strains was studied (Figure 7) to discover the DHAV-
1 genome evolution. The area of analysis constituted 115 
amino acid residues. Substitution mutations for DHV/
Duck/Egypt/Monofia-Shemy-3/2018 strain were noted 
at several amino acid residues in comparison to amino acid

Figure 5: Nucleotide identities of Egyptian isolates with 
selected published field Egyptian strain references and 
vaccinal DHAV-1 sequences of different serotype.

Figure 6: Phylogenetic tree based on a partial sequence of 
the DHAV-1 3D gene. The dots refer to viruses isolated 
in the current study, and the triangle refers to the vaccine 
strain. The robustness of individual nodes of the tree was 
assessed using 1,000 replications of bootstrap resampling 
of the originally aligned nucleotide sequences

of other examined Egyptian strains during this study or 
those previously isolated from Egyptian governorates. 
Deduced amino acid substitutions analysis of the in-
vestigated strains, DHV/Duck/Egypt/Monofia-She-
my-1/2018 and DHV/Duck/Egypt/Monofia-She-
my-2/2018, revealed the same amino acids (except at 
position I4T and Y5I). Both strains showedmany amino 
acids changes compared with some previously isolated 
Egyptian strains (F340, F953, F86, F163, F413, F729, 
F829, F10, F243, F355, F112, F147, F321, F215, and 
F387), and it also showed low amino acids changesin rela-
tion to other previously isolated Egyptian strains (DHV-
EGYPT/16160F-2016, DHV-EGYPT/141122F-2014, 
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DHV-EGYPT/151283F(3)-2015, DHV-
EGYPT/15298F-2015, DHVEGYPT/15P18-2015, 
DHV-EGYPT/14921F-2014, DHV-
EGYPT/151283F(4)-2015, DHV-
EGYPT/14923F-2014, and DHV-
EGYPT/151283F(2)-2015). All isolated Egyptian strains 
in this study were also completely unrelated to the Egyp-
tian DHAV-1-based vaccine and was further confirmed by 
the low amino acid similarities to this vaccine.

Figure 7: Deduced amino acid sequence of the 3D gene 
of the isolated strainscompared with the 3D gene of 
thepublished vaccinal and field Egyptian strains

Phylogenetic analysis in addition to nucleotide and ami-
no acid similarities between our isolated strains with other 
Egyptian DHAV-1 strains and vaccinal strain correspond-
ed to those obtained by Zanaty et al. (2017), who stated 
that Egyptian strains are different from the vaccine.

CONCLUSION AND 
RECOMMENDATIONS

Three isolates of DHAV-1 were identified from the exam-
ined flocks of duck. A phylogenetic analysis of these iso-
lates revealed differentiation between our field DHAV-1 
isolates and the vaccine strain.

For correct controlling of the DHAV-1 infection in flock-
sof duck, avaccination program for breeder duck flocks 
against DHAV-1 is important. Thus, further studies are 
neededto detect the efficacy of the used vaccine against the 

current field strains of DHAV-1.
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