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Abstract

An animal body’s immune response to viruses might vary depending on various factors.  
The relationship between 2’-5’-oligoadenylate synthetase like (OASL), interferon alpha (IFN-α), 
and duck hepatitis A virus type 3 (DHAV-3) virus genome copy number in duck embryo tissues 
was studied to investigate duck’s natural antiviral immunity mechanism. 15-day-old SPF duck 
embryos were infected with DHAV-3 and their organs and tissues were collected at various times 
after inoculation. RT real-time PCR was used to determine OASL and IFNA mRNA expression 
levels and the DHAV-3 copy number. Compared with that at 0 hours, liver OASL transcription 
increased significantly at 24 hours, and extremely significantly in the liver, heart, gizzard, small 
intestine, and muscle at 48 hours. The heart had the highest expression level, followed  
by the liver, with lower expression in the other tissues. There was no significant difference  
in IFNA expression between the heart and liver at 12 hours, but it started to rise at 24 hours, 
reaching its maximum at 48 hours. Although IFNA expression increased in the gizzards, small 
intestines, and muscles, its relative expression levels were lower than those in the heart and liver. 
In the tissues, the virus genome copy number peaked at 24 hours, and then decreased. The liver 
had the highest virus genome copy number, followed by the heart. The results implied  
that the differences in OASL transcription in the tested tissues were similar to those of IFNA. 
Thus, the immune response (OASL and IFN-α levels) of duck embryos to DHAV-3 shows tissue 
differences, especially in the liver and heart.
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Introduction

Duck virus hepatitis (DVH) is an infectious disease 
caused by duck hepatitis virus (DHV), characterized  
by hemorrhagic liver disease and often accompanied by 
neurological symptoms. Duck hepatitis A virus (DHAV) 
is one of the pathogens that cause fatal DHV in duck-
lings, which is an acute and contagious disease with  
a high mortality rate that seriously jeopardizes the duck 
industry worldwide (Yugo et al. 2016). DHAV is a mem- 
ber of the genus Avihepatovirus, family Picornaviridae 
and is the only species in this genus (ICTV). Historically, 
DVH was subdivided into types I, II, and III (Levine 
and Fabricant 1950, Tseng and Tsai 2007, Wang et al. 
2008, Kim et al. 2009). The routine vaccination  
of domestic breeding ducks and ducklings against 
DHAV-1 probably results in a reduced risk for virus 
spread; however, the existing DHAV-1 vaccine cannot 
provide protection against DHAV-3, resulting in wide-
spread prevalence of DHAV-3 in mainland China, 
where it represents an important pathogen causing sub-
stantial losses to the Chinese duck industry (Wen et al. 
2018, Fehér et al. 2021, Zhang et al. 2023, Ye et al. 
2023).

The innate immune response of the host provides 
the first line of defense against viral infection. In the 
cellular response to pathogen invasion, the host recog-
nizes some conserved non-self molecules, termed 
pathogen-related molecular patterns (PAMP), such as 
retinoic acid-induced gene I (Rig-I), and activates 
downstream antiviral factors (including Interferon  
alpha (IFN-α), Interferon-β (IFN-β), Protein Kinase R 
(PKR), 2’-5’ Oligoadenylate Synthetase (OAS)) and 
upregulates inflammatory cytokines (including inter-
leukin (IL)-6, TNF-α, IL-1β, IFN-γ, IFN-γ) (Xie et al. 
2018) to combat viruses, including antiviral defense, 
anti-proliferative activity, and stimulation of adaptive 
immunity (Schneider et al. 2014). Currently, there is an 
emerging understanding of the role of cytokine in tissue 
homeostatic functional regulation and it is becoming 
clear that pathological conditions may develop from 
dysregulation of cytokines (Tjiong et al. 1999, Kutlu  
et al. 2003, Peinnequin et al. 2003). For example,  
the molecular interactions within the IL-6/IL-12 cyto-
kine/receptor superfamily, highlighting the structural 
features that govern receptor specificity and signaling 
efficiency, critical for the immune response (Jones et al. 
2011). 2’-5’-oligoadenylate synthetase like (OASL) has 
broad-spectrum antiviral activity, and is induced by 
type I interferon and expressed in almost all vertebrates. 
OAS has 2’-5’ oligoadenylate synthetase activity,  
allowing it to degrade RNA in infected cells through the 
classical OAS/RNaseL pathway, thereby effectively 
preventing the replication of RNA viruses. OASL lacks 

the oligoadenylate synthetase activity, and mainly  
exerts its antiviral effect through the OASL/RIG-I path-
way, degrading RNA in infected cells (Ishibashi et al. 
2010, Zhu et al. 2014, Yang et al. 2017). Despite being 
one of the natural immune proteins, OASL is rarely  
reported in the data of virus replication and immune  
responses of different tissues of ducks. An animal’s 
bodily immune response might vary depending on  
factors such as animal age, tissue, and the variety and 
virulence differences of virus strains. In the present 
study, the relative mRNA expression of OASL and 
IFNA, and the DHAV-3 genome copy number were 
measured, and a method of amplifying DHAV-3  
by infecting duck embryos was developed. The objec-
tives were as follows: 1. To study endogenous OASL 
and IFN-α expression patterns in different tissues  
of duck embryos; 2. To study the different immune  
responses of different tissues of duck embryos  
to DHAV-3; 3. To investigate the relationship between 
OASL, IFN-α and viral load in duck embryo tissues and 
organs, and to explore OASL, IFN-α transcription 
trends and DHAV-3 proliferation. This study presents  
a good animal model to study the replication of RNA 
viruses in human tissues and the immune response  
of the body (Ishibashi et al. 2010).

Materials and Methods

Experimental animals and strains

The DHAV-3 strain (112803) was a gift from Zhang 
Dabing of the Beijing Agricultural University. Specific 
pathogen free (SPF) duck embryos were purchased 
from Shandong Hao Tai Experimental Animal Breeding 
Company Limited (Jinan, China). Specific patho-
gen-free (SPF) embryos are distinct from gnotobiotic 
embryos, which are completely germ free and require 
sterile facilities. Ethics approval and consent to partici-
pate were not required for this type of study.

DHAV-3 virus proliferation and ELD50  
(50% lethal dose for embryos) determination

Five per group 9 day old SPF duck embryos were 
randomly divided into an experimental group and  
a control group. The experimental group was inoculated 
with 0.2 mL of DHAV-3 virus solution into the allantoic 
cavity, and the virus was continuously passed through 
three passages, recovered, and stored in a -70°C freezer.

The virus solution was diluted 10-fold with saline 
and injected into the allantoic cavity of 9-day-old duck 
embryos (at 10-2, 10-3, 10-4, 10-5 and 10-6 dilutions). The 
virus genome copy number per µL of inoculum was 
used to evaluate as virus titration value. Each embryo 
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was injected with 0.2 mL. Each concentration of virus 
was injected into five duck embryos, and the number  
of dead duck embryos within 7 days was counted.  
The ELD50 was then calculated using the Reed Munch 
method (Reed et al. 1938).

DHAV-3  
Genome copy number Standard Curve

According to the DHAV-3 gene sequence in the 
NCBI database, primers were designed using Primer 5.0 
(Table 1) and synthesized by Yingwei Jieji (Shanghai) 
Trading Co., Ltd. The viral RNA of DHAV-3 was  
extracted from duck embryo allantoic fluid using an 
RNA extraction kit (TIANGEN) and subjected to reverse 
transcription PCR (RT PCR) which was performed  
using a PrimeScript™ RT Reagent Kit (Perfect Real 
Time, TaKaRa). The DHAV-3 PCR product was reco- 
vered and ligated into vector pMD19T. The constructed 
pMD19TDHAV-3 plasmid was extracted from the cells 
and diluted 10-fold. The plasmid at different concentra-
tions was used as a template to establish standard curves 
and melting curves. Real-time fluorescence quantitative 
analysis was carried out using an SYBR Green Super-
Real Fluorescence Quantitative Premixed Reagent 
(TIANGEN) and a Step One Real-Time PCR System 
(Applied Biosystems). 

DHAV-3 inoculation on OASL mRNA expression 
and the viral load

According to the ACTB (encoding β-actin), OASL, 
DHAV-3, and IFNA gene sequences in the NCBI gene 
database, primers were designed using Primer 5.0 and 
synthesized (Table 1).

Fifteen-day old SPF duck embryos were inoculated 
with DHAV-3 at 103 ELD50 through the allantoic cavity, 
with five duck embryos being inoculated at each time 
point. The hearts, liver, gizzards, small intestines, and 
thigh muscles were sampled at 6, 12, 24, and 48 h after 
inoculation and stored in liquid nitrogen. Five untreated 
SPF duck embryos comprised the 0 h blank control.  
Total RNA was extracted from the tissues and reverse 

transcribed to synthesize cDNA, which was used as the 
template for quantitative real-time PCR (qPCR or fluo-
rescence quantitative PCR).

The experimental results of fluorescence quantita-
tive PCR were analyzed using the 2ΔΔCT method, and the 
genome copy number of the virus was determined by 
the expression level of DHAV-3 according to the Cq 
(cycle of quantity) value of the standard curve. A T test 
was used for the statistical analysis of the differences 
between the two groups, with GraphPad Prism 8.0 
(GraphPad Inc., La Jolla, CA, USA) being used for the 
statistical analysis.

Results

DHAV-3 virus proliferation and ELD50 

After duck embryo passage, there was no bacterial 
infection in the virus solution. After passage, the time  
to duck embryo death was shortened. According to the 
Reed-Muench method, the ELD50 of DHAV-3 (112803) 
toward 9-day-old duck embryos was 10-4.5/0.2 mL.  
The viral titer is the number of genome copies per  
microliter of inoculum.

DHAV-3  
Genome copy number Standard Curve

The extracted viral RNA was reverse transcribed 
using specific primers and subjected to electrophoresis 
detection. The length of the amplified fragment was  
approximately 150 bp, which was consistent with the 
target fragment length. The target fragment of DHAV-3 
was ligated into pMD-19T and transformed into E. coli. 
Amplification and plasmid extraction were carried  
out, and the plasmid pMD19T-DHAV-3 was digested 
and identified. The positive bacterial clone was sent  
to Anhui Huaheng Biotechnology Co. Ltd. (Hefei,  
China) for Sanger sequencing. The results were com-
pared with the sequence deposited at the NCBI using 
BLAST and confirmed as a DHAV-3 band, showing  
a nucleotide identity of 98% with the reference  

Table 1 . DHAV-3 gene Primers. 

Target gene Fragment length Primer sequences (5’-3’) GenBank accession No.

β-actin 199bp
CCCCATTGAACACGGTATTGTC AJ312193.1
GGCTACATACATGGCTGGGG

OASL 187bp
TCTTCCTCAGCTGCTTCTCC KY775584.1
ACTTCGATGGACTCGCTGTT

DHAV-3 145bp
CTTGAACGTAATAGAGCTTGG KM267028.1
AGTCTTTTGGTAGAGTCTTAG

IFN-α
232bp

TCCTCCAACACCTCTTCGAC HQ680866.1
GGGCTGTAGGTGTGGTTCTG
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sequences. The genome copy number concentration of 
the pMD19T-DHAV-3 plasmid was 6.8×1010 copies/μL. 
The concentration was then diluted to eight gradients  
of 6.8 × 108 to 6.8×101, each of which was added  
to a 20 μL reaction system for qPCR. The results  
of qPCR were used to produce a dissolution curve and  
a standard curve. The standard curve is represented by 
y = -3.221x+30.593, and the correlation coefficient  
R2 = 0.9977. The amplification efficiency E value of 
qPCR was 2.04.

Expression of OASL and IFNA mRNA  
and the viral load at different times after 
DHAV3 infection of SPF duck embryos

OASL and IFNA mRNA expression in the heart 
of SPF duck embryos inoculated by DHAV-3

After the duck embryos were inoculated by 103 

ELD50 DHAV-3 for 0, 6, 12, 24, and 48 h, qPCR was 
used to detect the relative contents of OASL and IFNA 

mRNA in the heart (Fig. 1). Compared with that at 0 h, 
OASL expression decreased at 6 h, began to increase  
at 12 h, and reached a maximum at 48 h (p<0.01). IFNA 
expression did not change significantly within 12 h, but 
began to increase at 24 h, reaching a maximum at 48 h 
(p<0.01).

OASL and IFNA mRNA expression in the liver  
of SPF duck embryos inoculated by DHAV-3

After inoculating duck embryos with 103ELD50 
DHAV-3 for 0, 6, 12, 24, and 48 h, qPCR was used  
to detect OASL and IFNA mRNA expression in the liver 
(Fig. 2). Compared with that at 0 h, OASL expression 
continued to increase within 24 h, was significantly  
increased at 24 h, and reached its maximum at 48 h 
(p<0.01). Compared with that at 0 h, the IFNA expres-
sion level did not significantly change within 12 h, but 
was significantly upregulated at 24 h and reached its 
maximum at 48 h (p<0.01). 

Fig. 1. qPCR to detect relative mRNA of heart in duck embryonated eggs.

Fig. 2. qPCR to detect relative mRNA of liver in duck embryonated eggs.
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OASL and IFNA expression in the gizzard  
of SPF duck embryos inoculated by DHAV3

After inducing duck embryos with 103 ELD50 
DHAV-3 for 0, 6, 12, 24, and 48 h, qPCR was used to 
detect OASL and IFNA mRNA expression in the gizzard 
(Fig. 3). Compared with that at 0 h, OASL expression 
continued to increase within 24 h and reached its maxi-
mum value at 48 h (p<0.01). Compared with that at 0 h, 
IFNA expression began to increase within 12 h, and  
remained stable at 24 and 48 h (p<0.01).

OASL and IFNA expression in the small intestines 
of SPF duck embryos inoculated by DHAV-3

After inducing duck embryos with 103 ELD50 
DHAV-3 for 0, 6, 12, 24, and 48 h, qPCR was used to 
detect OASL and IFNA mRNA expression in the small 
intestines (Fig. 4). Compared with that at 0 h, OASL 
expression continued to increase within 24 h and 
reached its maximum value at 48 h (p<0.01). Compared 

with that at 0 h, IFNA expression did not change signifi-
cantly within 24 h, but increased very significantly  
at 48 h (p<0.01).

OASL and IFNA expression in the thigh muscle  
of SPF duck embryos inoculated by DHAV-3

After inducing duck embryos with 103 ELD50 
DHAV-3 for 0, 6, 12, 24, and 48 h, qPCR was used to 
detect OASL and IFNA mRNA expression in the thigh 
muscle (Fig. 5). Compared with that at 0 h, OASL  
expression was continuously upregulated up to 48 h, 
being significantly expressed at 24 h (p<0.05), and  
extremely significantly expressed at 48h (p<0.01); 
Compared with that at 0 h, the IFNA expression level 
did not change significantly within 12 hours, but increa- 
sed very significantly after 24 h (p<0.01).

Fig. 3. qPCR to detect relative mRNA of gizzard in duck embryonated eggs.

Fig. 4. qPCR to detect relative mRNA of small intestine in duck embryonated eggs.
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Virus genome copy numbers in sampled tissues  
of duck embryos inoculated by DHAV-3

After inducing duck embryos with 103 ELD50 
DHAV-3 for 0, 6, 12, 24, and 48 h, qPCR was used to 
detect DHAV-3 levels in tissue. The results showed that 
the virus replication was detected in the liver at 6 h, and 
the virus was almost undetectable in the other tissues. 
By 12 h, replication was detected in the hearts, gizzards, 
small intestines, and muscles. The virus genome copy 
number reached its peak between 24 and 48 hours, and 
the maximum virus genome copy number was reached 
in the liver at 48 h, followed by the heart and other  
tissues (Fig. 6).

Discussion

DHAV can be amplified in ducks, duck embryos, 
chicken embryos, and avian cells (Woolcock et al. 1982, 
Luo et al. 1996, Su et al. 2002, Fu et al. 2012). Using 
SPF duck embryos as experimental materials, the  
influence of other pathogenic bacteria and variable  
maternal antibodies can be excluded. A model compri- 
sing experimental duck hepatitis B virus (DHBV)  
infection as the infective supernatant is also more  
suitable for the DHBV virus biological research  
because of its stability and practicability. A standard 
DHBV model was therefore established, which is con-
ducive to studying the interaction between the virus and 
OASL and IFN-α. It is also beneficial to study duck’s 
antiviral strategies. The earliest outbreak of duck viral 
hepatitis in mainland China was caused by DHAV-1. 
However, as mentioned earlier, a recent epidemiolo- 
gical survey reported that DHAV-3 has become the pre-

Fig. 5. qPCR to detect relative mRNA of muscle in duck embryonated eggs.

Fig. 6. qPCR to detect virus genome copies in each tissue of duck embryonated eggs.
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dominant serotype in Asian areas. Therefore, this study 
selected a DHAV-3 virus strain.

In this study, compared with that at 0 h, DHAV-3 
induced a significant increase in OASL transcription  
in the liver of SPF duck embryos at 24 h, and a very 
significant increase in OASL transcription in the liver, 
heart, gizzard, small intestine, and muscle at 48 h.  
The highest expression level was reached in the heart, 
followed by the liver, and the relative expression in the 
gizzard, small intestine, and muscle was much lower 
than that in the liver and heart. There was no significant 
difference in IFNA expression between the heart  
and liver in the first 12 hours, but it began to increase  
at 24 h and reached the maximum at 48 hours.  
The expression in the gizzard, small intestine and  
muscle increased slowly; however, the relative expres-
sion of IFNA was lower than that in the heart and liver.

The OAS family genes in poultry are different from 
those in mammals, with only the OASL gene being 
found (Bi et al. 2017). DHAV infection in ducks imme-
diately activates the body’s innate immune system and 
activates a large number of pattern recognition recep-
tors and downstream antiviral factors (e.g. OASL and 
IFN-α ) to degrade RNA in infected cells to fight against 
the virus (Perelygin et al.2006, Zhu et al. 2014).  
The activation and expression of interferon genes repre-
sent the first line of defense for hosts against virus inva-
sion, and DHAV-3 induces high levels of IFNA gene 
expression in the liver, which would help to establish 
the body’s innate immune system.

DHAV-3 shows extensive tissue tropism in duck-
lings. The liver, spleen, and kidney are the main target 
organs of DHAV-3 attack, and cytokines in the liver 
play an important role in inhibiting virus proliferation 
and repairing tissue damage, and IFNA showed the 
highest transcription in the liver and kidney (Zhu et al. 
2018, Ou 2021).

Our analysis indicated that IFNA transcription  
in the heart was second only to that in the liver in duck 
embryos after DHAV-3 induction. The difference in 
transcription level of OASL in different tissues was  
similar to that of IFNA. In this study, infection of duck 
embryos with DHAV-3 112803 caused extensive bleed-
ing. Virus replication was detected in the liver at 6 h 
after DHAV-3 inoculation, and the virus reached the 
maximum genome copy number in the liver at 48 h, 
followed by the heart. DHAV-3 inoculation induced  
the highest IFNA transcription in the liver, which also 
suggests that the liver is the most important target organ 
for DHAV infection and replication. When the abun-
dance of the virus in the main target organs reaches  
a certain level, the virus will “overflow” to other  
organs, such as the heart, spleen, kidneys, and gastroin-
testinal tract. 

The pathogenic mechanism of DHAV is mainly that 
the virus invades the body of ducklings and causes the 
greatest damage to the liver. DHAV can replicate  
at a high level in the liver tissue of ducklings and per-
sists, leading to bleeding, deformation, and necrosis of 
the liver tissue (Zhang et al. 2012, Ou et al. 2017, Cao 
et al. 2020). However, the existence of significant viral 
antigens in the heart varies. In 2007, Zhu dynamically 
observed the virus distribution in ducklings artificially 
infected with DHAV. The results showed that DHAV 
could be detected in the liver, spleen, and pancreas, 
while virus antigens were not detected in the kidneys 
and heart (Zhu et al. 2007). In 2018, ducklings were 
infected with a strong DHAV-3 virus, and 11 tissue 
samples of ducklings were tested for virus content and 
antiviral cytokines (IFN) in the liver. DHAV-3 was 
found to have a wide range of tissue preferences in the 
ducklings, with the liver and spleen being the main  
target organs, although the heart was not mentioned  
in the study (Zhu et al. 2018). In contrast to the above 
research, in 1996, Cheng observed tissue sections  
of artificially infected ducklings with DHV at 3 h after 
infection, and virus antigens were present in the cyto-
plasm of the hearts, liver, spleen, kidneys, and leg mus-
cles of the ducklings (Cheng et al. 1996). In 1997, Wang 
detected the virus distribution in 1-day-old ducklings 
artificially infected with DHV. The results showed that 
the order of DHV high virulence was the heart, kidney, 
lung and chest muscle, but not in liver and small  
intestine. When attenuated DHV was injected, the order 
of DHV levels in ducklings’ tissues was heart, liver, 
spleen, lung, and kidney (Wang et al. 1997). Wei inocu-
lated ducklings with DHAV-3, and the virus could  
be detected in the heart, liver, small intestine and other 
tissues at 1 h after induction using real-time fluores-
cence quantitative PCR, and the genome copy number 
of the virus was significantly increased within 24 hours 
(Wei 2020). In this study, we clearly demonstrated  
that for duck embryos, the heart is a target organ for 
DHAV-3 attack.

The time of virus detection in different tissues  
varied, which may be related to the difference in the 
immune mechanism of animals at different growth  
stages. Song reported that the expression levels  
of innate immune related factors in 3-week-old duck-
lings inoculated by DHAV were significantly higher 
than those in 1-day-old ducklings (Song et al. 2014). 

Conclusion

In this study, the relationship between OASL and 
IFN-α and tissue virus genome copy number in some 
tissues of duck embryos infected with DHAV was  
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examined. The immune responses (as assessed using 
OASL and IFN-α levels) of duck embryo tissues  
to DHAV-3 are different, among which the liver had the 
highest response, followed by the heart. This indicated 
that in addition to the liver, the heart is a major target 
organ of DHAV-3 attack. The study provided a theoreti- 
cal basis and experimental data for the study of duck’s 
natural immune antiviral mechanism.
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