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ABSTRACT FAdV-4 is the major strain of adenovirus
that responsible for hydro-pericardial syndrome (HPS)
in poultry. In this study, the virus's specific gene frag-
ments were isolated from clinically suspected cases and
amplified by PCR. Finally, after a viral infection to
investigate the immune response of the host, the gene
expression of MHC (major histo-compatible) molecules
(MHCIa, MHCIIb), Ii (Invariant Chain) gene, inflam-
matory cytokines (IFN-b, IFN-g, and IL-1b), and tran-
scription factors (MDA5, STING, IRF7, and NF-kB)
were detected by real-time PCR (fluorescence technol-
ogy). The results of sequence comparison showed that
the clinically isolated virus was 100% homologous to a
virulent strain of avian adenovirus group C serotype 4
(FAdV-4), which were named AH-FAdV-4. The
TCID50 and pathogenicity of the virus were determined
that was 106.52/0.1 mL with a mortality rate of 100% in
chickens and 0% in ducks. Furthermore, results showed
that the expression level of MHCIa, MHCIIb, and Ii
genes in chicken embryo kidney cells significantly
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(P < 0.01) upregulated (increased) after infection, which
was 43, 5.2, and 2.5 times higher than the control group.
With the addition of PDTC, an inhibitor of NF-kB, then
the expression level of MHCIa, MHCIIb, and Ii was
decreased significantly (P < 0.01) than the control group.
The transcription levels of these genes were decreased
0.64, 0.27, and 0.26 respectively. Simultaneously, the
expression levels of IFN-b, IFN-g, and IL-1b were also
significantly (P < 0.01) up-regulated (increased) 7.8,
22.7, and 5 times higher than the control group. It was
found that up-regulation of STING and NF-kB path-
ways are directly involved in the regulation of inflamma-
tory cytokines (IFN-b, IFN-g, and IL-1b), MHC
molecules (MHCIa, MHCIIb), and Ii gene. The results
also showed that the gene regulation pathways consecu-
tively increased the expression levels of MDA5, STING,
IRF7, and NF-kB. It is conducted that the expression
levels of cytokines, MHC molecules, and li gene were
increased by STING and NF-kB pathways.
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INTRODUCTION

The type-I adenovirus is an economically important
pathogen for poultry that causes hydropericardium syn-
drome (HPS) and inclusion body hepatitis (IBH)
(Mansoor et al., 2011; Niu et al., 2016). It is a DNA virus
which is divided into 5 subgroups (A-E; FAdV-A to
FAdV-E) and contains 12 serotypes (1-11; FAdV-1 to
11 but serotype 8 is divided into 2 groups such as 8a and
8b), among them FAdV-4 of C subgroup is the most
common serotype that infects chickens, ducks, and
geese. FAdV-8b and FAdV-11 are the main serotypes
that infect turkeys, so there is a cross-transmission or
cross-spreading virus among species (Steer et al., 2009;
Marek et al., 2010; Jiang et al., 2019; Shen et al., 2019;
Sahindokuyucu et al., 2020; Wei et al., 2019). The mor-
tality rate caused by FAdV-4 is 30 to 100%, and the
higher mortality rate depends on virus serotypes and
their pathogenicity and depends upon immunosuppres-
sive properties of viruses (Jiang et al., 2019; Yu et al.,
2019). The hexon, penton, and fiber are the 3 main com-
ponents of the capsid (shell) protein of the FAdV-4
virus. There is a difference in the sequence of hexon
amino acids in different strains, so it is the main base for
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virus classification (Marek et al., 2012; San Martin,
2012; Gao et al., 2019). The analysis of the hexon gene
of the FAdV-4 showed that China's Shandong FAdV-4
strains were originated from India (Wei et al., 2019).
The viral fiber protein has 2 filaments (Fiber-1 and
Fiber-2), projected from the capsid's surface that forms
the head region (Marek et al., 2012; Grgi�c et al., 2014).
Studies have shown that the fiber proteins, specially
Fiber-2 protein is the main area that can cause disease
in its host, so it is the ideal domain for detecting the
virus and vaccine production (Shao et al., 2019a,b;
Tian et al., 2020). There are few studies on the patho-
genic mechanism of FAdV-4. Specific and nonspecific
immunity plays an essential role in viral-infected ani-
mals. The MHC (MHCI, MHCII) molecules are impor-
tant for antigen-presenting. These molecules assist the
chaperone molecule Ii in triggering the cellular and
humoral immune response in infected animals
(Blees et al., 2017; Dijkstra and Yamaguchi, 2019). At
the same time, the virus acts on the receptors of suscep-
tible cells to produce corresponding antiviral cytokines,
for example, the cyclic GMP-AMP (cGAMP) synthase
coenzyme (cGAS) as an important DNA virus sensor
that can induce proinflammatory cytokines and type I
interferon through STING pathway (Niu et al., 2019;
Gang et al., 2020). Viruses can invade most of the organs
of their host, but the lesions mainly occur on the heart,
liver, and kidneys, the virus can also cause structural
and functional damage of the immune organs through
apoptosis and induce severe inflammatory response
(Niu et al., 2016; Guan et al., 2018; Schachner et al.,
2018). The mechanism of virus damage to the organs is
still not clear, but it is possible that the virus may affect
the cell's metabolic pathway by cell receptors.

The previous studies have shown that CCT7 (chaper-
onin containing TCP1, subunit 7 Eta) on the surface of
Leghorn male hepatocellular (LMH) cells is an essential
target of FAdV-4 (Gao et al., 2019). This virus enters
the hepatic cell and replicates through the JNK MAPK
pathway. The inhibitor SP600125 can lock the replica-
tion of the virus by blocking the JNK MAPK pathway.
It inhibits virus replication due to the lack of macro-
phage receptors, so this inhibitor is not sensitive to
FAdV-4 (He et al., 2019).

No study has been done on the cellular pathways by
which FAdV-4 induces interferon, MHC, and Ii mole-
cules. This study will provide basic information to
understand the chicken body's immune response and
help to understand about antiviral (FAdV-4) mecha-
nism, and control.
MATERIALS AND METHODS

Animals and Ethics Statement

The 1-day-old specific pathogen-free (SPF) chicken,
chicken embryo, and ducks were purchased from Zhe-
jiang Lihua Agricultural Co., Ltd. (Anhui, China) that
were used as experimental birds. The birds were kept
under healthy extensive care and controlled
environmental conditions according to the age and
behavior of birds (28−33°C) for 15 d. We tried our best
to provide them with a clean and comfortable environ-
ment. All birds care was taken according to the Institu-
tional Animal Care and Use Committee (IACUS)
guidelines by the school of animal science and technol-
ogy, Anhui Agricultural University, Hefei, China
(AHAU 2019-011). We are very sorry to do the experi-
ments at the cost of their lives. These chicks made a sig-
nificant contribution to scientific research to save more
chickens in the future and improve the health of the
human being.
Source of FAdV-4 and LMH

The liver tissue of HPS infected chicken was collected
from Anhui Poultry Diagnostic Center and stored at
�20°C to use in experiments. The chicken liver cancer
cells (LMH) were taken from the Key Laboratory of Vet-
erinary Pathobiology and Disease Control, College of
Animal Science and Technology, Anhui Agricultural
University, China.
Primer Designing

FAdV-4 detection primers HF2 and HR2 were synthe-
sized by Nanjing Dynamo Technology Co., Ltd. These
primers were used to amplify the conserved region of the
hexon gene. The primer sequence of forward was HF2;
50-CCARATGGCSACSAACTACAA-30 and reverse
was HR2; 50-TVGCGAAGGCGCGGGAAG-30. The
length of the expected amplified gene fragment was
599bp (Dou et al., 2017).
Identification and Comparative Analysis of
FAdV-4

The 1.0 g liver of morbid chicken was taken to isolate
the virus according to the already optimized method
(Blees et al., 2017; Dou et al., 2017; Yu et al., 2019). The
allantoic (sac) fluid was collected from SPF chicken
embryos under a sterile environment, twice filtered it
through 0.22-mm filter paper, and stored at �80°C. The
third generation of viruses was obtained for further
experiments.
The kidneys of the morbid chicken embryo were

extracted and washed three times with PBS for DNA
extraction (Tiangen, Beijing, China). PCR for identifi-
cation of virus was carried out (Pan et al., 2017a), and
obtained DNA fragments were cloned into a pMD18-T
vector (Dongsheng, Guangzhou, China) for sequencing
(Huada, Shanghai, China). The BLAST sequence of the
gene was obtained from NCBI by online comparison
analysis. DNA star and MEGA 4.0 were used for evolu-
tionary genetic analysis of isolated and selected strain
and Maximum Likelihood (ML) method to draw the
phylogenetic tree.
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Calculation of FAdV-4 TCID50

LMH cells were cultured in a medium containing
10% FBS and F12. Spread this media in 96-well plates
at the ratio of 1 £ 104 cells/100 mL, and then placed
this plate in an incubator with 5% CO2 overnight at
37°C. The virus was diluted 1/10 with PBS, followed
by 8 gradients of 101, 102, 103, 104, 105, 106, 107, and
108 at the total volume of 100 mL/well, and the last 2
wells were added with only PBS as the negative con-
trol. After incubating at 37°C for 2 h, culture was
replaced with a 0.1-mL complete culture medium. A
0.1-mL complete culture medium and each gradient
were repeated in 8 wells and observed continuously for
7 d. Upon the cultural characteristics, when cells
showed rounding, aggregation, enhanced refractive
index, and typical beading, it was judged as infection.
According to the Reed-Muench formula, cells death
and time period were recorded as TCID50 (50% Tissue
Culture Infective Dose).
Animal Pathogenicity Test of FAdV-4

There were 20 SPF chickens and 20 mallard ducks of
15 days old were divided into 4 groups, 10 in each group.
One group from chicken and one group from ducks
treated as control negative. The virus was injected by
intramuscular (IM) in thigh muscles with the dose rate
of 1 £ 106.52 TCID50/100 mL for the positive control
group but the negative control group was injected only
normal saline with the same dose rate. All birds were
kept according to standard protocols. All data were col-
lected daily, such as clinical signs and symptoms, and
the number of deaths. Swab sampling from spleen and
cloaca of dead and live sick birds was done after third
day of FAdV-4 infection.
Table 1. The sequences of primers used in this study.

Gene names Primer sequences (50-30)

MDA5 F: CGAATGAAAACCTGGGACAG
R: TGGTTTTGCCACTGCCTGTA

STING F: CGGCTGTGACATCTGGGAT
R: CCCGAGTCAGGATGGTCTC

IRF7 F: ACAACGCCAGGAAGGATGTC
R: CCAGCAGCATGAACATGTGA

MAVS F: GAACGCAAACCACCTTCAAC
R: CCAGGAGCAGCACTCAAATC

IFN-b F: TTGCCCACAACAAGACGTGA
R: GTGTGCGGTCAATCCAGTGT

IFN-g F: GTCAAAGCCGCACATCAAAC
R: GGCTTTGCGCTGGATTCTC

NF-kB1 F: GTGCATCCTGAACTTGGCTATC
R: GTACTGCTGCCTGGCGAATA

IL-1b F: GGCCTGAGTCATGCATCGTT
R: ATAAATACCTCCACCCCGACAA

GAPDH F: CAGAACATCATCCCAGCGTC
R: GGCAGGTCAGGTCAACAAC

MHCIa F: AGTCAGGATGCCTACGATGG
R: GTACTGCTTCAGCCCCTCAG

MHCIIb F: GAGCGTGGAGCCCAAGGTG
R: GCCAGACGGTCGGTTTCGG

Ii F: GGTGAAAGCCAAGTAGAAG
R: TCAGGAAAGCAAGGTAAG
Isolation and Culturing of Chicken Embryo
Primary Kidney Cells

According to the Schat method, the chicken embryo
primary kidney cells were cultured in a 6-well plate for
24 h at 37°C with 5% CO2 in the incubator. The virus
concentration of 1 £ 107/well was inoculated according
to the virus content of 1 MOI/well, while one well con-
taining only PBS. All cells were washed three times with
PBS after 2 h of culturing. The DNA and RNA extrac-
tion was done, after that RNA reverse transcription was
done for cDNA. RT-PCR was done to detect viruses and
cytokines-related genes then this obtained DNA and
cDNA were preserved at �20°C for further study.
Detection of Interferon and MHC Molecules
by RT-PCR

Reference sequence of signaling pathways regulating
molecules (NF-kB, STING), membrane related receptor
(MDA5), cytokines (IFN-g, IFN-b, IL-1b), signal pro-
tein (MAVS), MHCIa, MHCIIb, and Ii genes were used
from GenBank for primer designing. The gene names,
primer sequences, and the size of the fragments amplified
and login ID number are shown in (Table 1). The rela-
tive expression was calculated by the 2�DDCT method.
Pyrrolidine Dithiocarbamate Inhibits the NF-
kB Cytokines Production Pathway

As previously described, the chicken embryo primary
kidney cells were inoculated into a 6-well culture plate
and for virus infection. The medium was changed after 2
h, 100 mmol/L pyrrolidine dithiocarbamate (PDTC)
inhibitor was added to the experimental group (experi-
mental wells), and there was nothing in the control
Size of segment Login ID

177 AB371640

86 KP893157

156 NM_205372

84 NM_001012893

155
GU119897/AY974089

137 NM_205149.1

94 NM_205134.1

125 NM_204524.1

82 NM_204305

217 AY234768.1

69 AY510090.1

109 AY597053.1
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group except normal saline (PBS). Cell culture superna-
tant was discarded and recovered cells after 12, 48, and
72 h and washed these cells 3 times with PBS for mRNA
extraction. Then mRNA was reverse-transcribed into
cDNA by RT-PCR for the detection of MHCIa,
MHCIIb and Ii genes.
Statistical Analysis

The statistical analysis was performed by SPSS 16.0
(SPSS Inc., Chicago, IL). The results of all experiments
were analyzed by one-way analysis of variance
(ANOVA), followed by Tukey’s HSD (honestly signifi-
cant differences) for post-hoc testing to compare the sig-
nificance (P) between the means of different groups. P ˂
0.05 was considered to indicate a significant difference
between the values compared.
RESULT

Characterization of FAdV-4 by RT-PCR

A suspected type 4 avian adenovirus (FAdV-4) was
isolated from the diseased tissue. The extracted chicken
liver’s DNA was used as a template for PCR determi-
nation. The results showed that DNA of the diseased
chicken (treated) liver amplification was obtained in a
specific band and the size was 599 bp. In contrast, the
DNA of the healthy (untreated) chicken liver was not
amplified to the target band or strip as shown
(Figure 1).

The amplified DNA fragment was sequenced, and its
sequence was compared and analyzed with the sequence
of avian adenovirus registered in GenBank. It was found
that the isolated strain belongs to FAdV-4. Further-
more, 28 avian adenovirus strains (including FAdV-A,
B, C, D, E, and DAdV) were randomly selected, includ-
ing 10 C group strains. The gene sequence of hexon
599 bp has been obtained from the GenBank by the
peer-to-peer match of gene BLAST. The use of MEGA
5.0 software to map the systematic evolutionary tree of
the hexon gene, the phylogenetic relationship of refer-
ence, and studied sequences for genetic evolution showed
that the isolated strain had high homology to the group-
I of avian adenovirus subgroup-C Serotype-4 (FAdV-4)
Figure 1. PCR analysis and identification of FAdV-4 serotype
virus, showing in lane 1 and having size 599 bp.
and homogeneity is about 94.9 to 100%. On the same
branch of JSJ13, a strong virulent is named AH-FAdV-4
(Figure 2).
The TCID50 of the FAdV-4

Pathogenic avian adenovirus can cause disease in
LMH cells in vitro by 96-well culture plate. For this rea-
son, the TCID50 of this strain was tested. The cultured
virus was diluted by 10 times and then used to infect the
LMH cells in the 96-well cell culture plate to observe cell
changes. After 7 d of culture, the TCID50 of the virus
was calculated according to the Reed-Muench method
as 106.52/0.1 mL (Table 2).
Necropsy Findings and Gross Pathological
Changes

After the challenge with FAdV-4, the experimental
birds showed HPS. To determine the pathogenicity of
FAdV-4, chickens and ducks were used separately. At
the age of day 15th, all birds got the infection, and all
infected chickens died (100% mortality) (Table 3) within
3 to 5 d after infection. Necropsies of dead chickens
showed severe pericardial fluid accumulation, yellow-
brown liver, and brittle texture (Figure 3A), while no
obvious lesions were found in the control group. After
the challenge, the duck’s feed intake was decreased for 3
to 5 d and then became normal without obvious symp-
toms and death, and even no specific postmortem
lesions.
After third day of infection, the swabbing samples

were taken from the abdominal cavity of chicks and
ducks with a sterile cotton swab, and kidneys were also
removed. PCR detected the extracted viral DNA. The
swabbing samples and kidneys of the infected birds were
matched to an amplified FAdV-4 specific band which
were positive indications. It indicated that both chickens
and ducks were infected. It also showed that the strain
had a high mortality rate in chicks. Still, ducks could
also be infected with the same strain without any severe
pathogenicity and mortality because ducks could detox-
ify their bodies through fecal discharge.
The FAdV-4 Increases the Gene Expression
of MHC Molecules and Its Chaperone
Molecule Ii Through NF-kB Pathway

To further understand how the virus affects the
expression of MHC molecules and Ii molecules. The
expression of the virus was most obvious after the infec-
tion on d first, second, and third which were detected on
the production base of MHCIa, MHCIIb, and Ii by
qPCR. In this study chicken embryo kidney cells were
used for infection with FAdV-4 for the quantitative
detection of the huge amount of transcription levels of
key genes such as MHCIa, MHCIIb, and Ii. So the Tran-
scriptional key regulatory NF-kB genes (MHCIa,
MHCIIb, and Ii) were detected. On the first, second, and



Figure 2. Genetic evolution of hexon gene between isolated strains and reference strains of different serotypes.
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third day of infection, the NF-kB genes increased signifi-
cantly, which were 0.94, 1.08, and 3, respectively. On
the third day of infection, the expression of these genes
was 3 times greater than the control group, so the third
day is the best day for genes detection. On the third day
of infection the transcription levels of MHCIa, MHCIIb,
and Ii were 43, 5.2, and 2.5, respectively that were
greater (P < 0.01) than the control group (Figure 4A).
These results indicated that the virus-induced transcrip-
tional immune gene pathway in the cells. To verify that
the virus induces this transcription level, the NF-kB
inhibitor PDTC (100 umol/L) was used. It was found
that the effect of PDTC after 12, 24, 48 h later, there
was a linear decrease in the transcription level of NF-kB,
which were 0.23, 0.45, and 0.67 respectively as compared
to the control group. These results indicate that the
effect of early infection was the most obvious. After the
12 h of PDTC addition, the transcription levels of
MHCIa, MHCIIb, and Ii were significantly (P < 0.01)
decreased that were 0.64, 0.27, and 0.26 respectively as
compared to the control group (Figure 4B). These
results suggested that FAdV-4 could induce MHCIa,
Table 2. Calculation of virus TCID50.

Dilution No. of positive CPE holes. No. of negative CPE holes

10�1 8 0
10�2 8 0
10�3 8 0
10�4 8 0
10�5 7 1
10�6 6 2
10�7 3 5
10�8 0 8

Abbreviation: CPE; cytopathic effect.
MHCIIb, and Ii genes in the cells to enhance the immune
response NF-kB pathway.
FAdV-4 Increases the Gene Expression of
IFN-b and IFN-g in Chicken Embryo Kidney
Cells

IL-1b is an inflammatory cytokine that causes patho-
logical changes such as edema; IFN-b and IFN-g are
immunomodulatory and antiviral cytokines that play an
important role in the body's antiviral response. To
understand the transcription levels of these three cyto-
kines in infected cells, IL-1b, IFN-b, and IFN-g at differ-
ent periods after infection were tested. The extracted
DNA from the cells was used as a template to detect
interferon (IFN-b and IFN-g) gene expression and
related pathways using RT-PCR. The results showed
that the expression of cytokines increased after the third
day of viral infection. The transcription levels of related
genes MDA5, STING, IRF7, MAVS, and IFN-b related
signaling pathways increased significantly up to 19.5,
The cumulative number

Positive holes Negative holes Percentage of positive CPE holes

48 0 100%
40 0 100%
32 0 100%
24 0 100%
16 1 94%
9 3 75%
3 8 27%
0 16 0%



Figure 3. (A) Infected group of chicken showing enlargement of
heart due to pericardial fluid accumulation, yellow and cooked appear-
ance of liver, (B) control group showing no grass pathological changes.
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8.8, 13.3, 1.3, and 7.8 than the control group. The statis-
tical analysis showed that the expression of other genes
except MAVS was significantly different (P < 0.01)
(Figure 5A). The transcription level of IFN-g and IL-1b
genes increased by 22.7 and 5 times compared to the
control group. The corresponding regulatory molecule
NF-kB gene transcription level increased by three times
than the control group. The difference was extremely
significant (P < 0.01). These results showed that FAdV-
4 stimulated the production of IL-1b, IFN-b, and IFN-g
cell's genes and also increased the transcription levels of
the corresponding regulatory molecule genes. It is sug-
gested that FAdV-4 infection can cause chicken embryo
kidney cells to produce inflammatory and antiviral cyto-
kines to provide immune responses.
DISCUSSION

The FAdV-4 is a pathogenic strain that causes a high
mortality rate in chickens, but it has no obvious patho-
logical changes in ducks. Since the outbreak of adenovi-
rus in 2015, researchers have identified different strains
in different regions and found that the serotypes of
chickens are 4, 8a, 8b, and 11, while FAdV-4 was the
main serotypes (Li et al., 2018b; Chen et al., 2019). Dif-
ferent strains are susceptible to recombination, espe-
cially FAdV-E but FAdV-4 has many hosts
(Schachner et al., 2019). The analysis of gene sequence
found that the FAdV-4 virus genome sequence of chick-
ens and ducks was homologous more than 94%. Still, no
cross-infection, especially FAdV-4 of chicken, did not
easily infect ducks, due to cytokine production
Figure 4. Effect of adenovirus (FAdV-4) on the expression levels of M
(PDTC Inhibition group). � Indicates the minimum significant difference (P
(Pan et al., 2017a,b; Li et al., 2018a,b). The virus has a
100% mortality rate in chickens, but it was not lethal for
ducks. However, the virus can replicate in the duck's
body but can be detoxified by the excretion of the virus
through the cloaca, indicating that ducks might be virus
carriers. The virus can be transmitted in many forms,
even by air, which was one reason for the high incidence
and mortality of that disease (Li et al., 2019). The main
infected organs by FAdV-4 were the liver and heart, the
liver of the infected chicken was brittle and yellow while
the pericardium of the heart was filled with fluid, which
is the main cause of chicken's death (Li et al., 2018a).
Viruses induced interferon production through the

STING pathway and regulated the expression of MHC
molecules by the NF-kB pathway. RIGs were an impor-
tant receptor for cells to recognize PAMP in the cyto-
plasm. There were three main types of RIGs, named
RIG-I, MDA5, and LGP2, but in chicken, the deletion of
RIG-I makes MDA5 particularly important in natural
immunity. Some studies found that MAD5 can identify
RNA and DNA viruses, and induced type I interferon
production. In this cellular pathway, the DNA virus
acted on MDA5 and induce STING pathways to stimu-
late the expression of IRF7 and MAVS, which regulates
the expression of IFN-b (Roth-Cross et al., 2008;
Barber et al., 2010). In this study, the expression level of
MDA5, STING, IRF7, and MAVS was increased by
19.5, 8.8, 13.3, and 1.3 times respectively, after virus
infection. It was indicated that MDA5 acts as a receptor
of virus (FAdV-4) in the cytoplasm to regulate the natu-
ral (innate) immunity of the cells (Li et al., 2018b,
2019).
The specific immunity of cells (cellular immunity) also

played an important role in the antiviral process. After
infection virus stimulated the cells by which the expres-
sion of antigen-presenting molecules MHCIa, MHCIIb,
and Ii in the cells increased significantly by 43, 5.2, and
2.5 times, respectively. The PDTC inhibited the produc-
tion of NF-kB and as a result, the expression level of NF-
kB and MHC molecules (MHCIa, MHCIIb, and Ii) was
decreased by 0.2, 0.64, 0.27, and 0.26 times respectively.
It showed that viruses could regulate MHC-type mole-

cules’ expression and their partner molecule Ii through
NF-kB. Then trigger the body's specific cellular and
humoral immunity. The findings of this study have
HCIa, MHCIIb, and Ii genes (A); control group (B); infected Group
< 0.05) while �� Indicates the highly significant difference (P < 0.01).



Figure 5. Effect of adenovirus on the expression levels of STING, NF-kB and their related factors pathway (A); STING pathway (B); NF-kB.
� Indicates the minimum significant difference (P < 0.05) while �� Indicates the highly significant difference (P < 0.01).

Table 3. Test results of infected SPF chicken and Muscovy duck.

Types of birds Groups Number of experimental birds Number of mortality Mortality (%)

SPF chicken Infected group 10 10 100
Control group 10 0 0

SPF Muscovy ducks Infected group 10 0 0
Control group 10 0 0

Abbreviation: SPF, specific pathogen-free.
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provided in-depth knowledge about the immune system
that can be of greater help to prevent and control
FAdV-4.
CONCLUSIONS

This studied indicated that the FAdV-4 effects on the
transcription level cytokines in the immune response.
The results indicated that the strain was highly patho-
genic for chickens (100% mortality), but there were no
obvious clinical symptoms to ducks. It showed that
ducks could detoxify its body through cloaca discharge.
FAdV-4 strain activates the STING pathway through
MDA5 to stimulate the expression of cytokine IFN-b;
simultaneously, the strain can activate the NF-kB tran-
scription factor, which in turn stimulates the transcrip-
tion of a cytokine such as IFN-g and IL-Ib. Through the
NF-kB pathway, the strain can also upregulate the tran-
scription levels of MHCIa, MHCIIb, and Ii genes (P <
0.01). In the control group, it was inhibiting the NF-kB
transcription factor downregulated the transcription
levels of these 3 genes.
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