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ABSTRACT

Fowl adenovirus (FAdV) is the primary agent of inclusion body hepatitis (IBH) in poultry and caused serious economic
impact due to high mortality and poor productivity. To date, clinical cases of IBH in chickens increases over the years in
Malaysia, thus, an effective local vaccine to control the disease outbreak is in dire need. The objective of the study was to
determine the efficacy of live attenuated FAdV serotype 8b isolate, UPM1137CEL35, in specific-pathogen-free chickens.
Attenuated isolate UPM1137CEL35 conferred full protection against the virulent FAdV isolate, UPM11134 in the vaccinated
chickens. Neither clinical signs nor mortality were recorded in all vaccinated groups. However, in the challenged unvaccinated
group, chickens showed clinical signs of weakness, reduced feed consumption, and lateral recumbency at day 4 to 7 post-
challenge. Additionally, the body weight was low significantly (p<0.05) compared to the challenged vaccinated groups.
Upon necropsy, the liver from the challenged unvaccinated group was pale at peripheral bilateral lobes with the presence
of focal lymphoid aggregation microscopically, while, challenged vaccinated groups were normal without significant changes.
All vaccinated chickens were protected from disease manifestations with antibody response compared to the challenged
unvaccinated group. It was concluded that the attenuated FAdV isolate, UPM1137CEL35, has a high potential to be used
as a vaccine against the FAdV serotype 8b of Malaysian isolates.
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INTRODUCTION

Fowl adenovirus (FAdV) has been classified into
Aviadenoviridae genus under a family of
Adenoviridae and infects poultry species in cases
of inclusion body hepatitis (IBH), hepatitis-
hydropericardium syndrome (HHS), and gizzard
erosion (Kajan et al., 2013; Zhang et al., 2016; Jordan
et al., 2019; Mirzazadeh et al., 2021). According to
the International Committee on Taxonomy of Viruses
(ICTV) classification, FAdV comprised five molecular
species designated as A to E and 12 serotypes
(Benko et al., 2005).

FAdV infections are a major threat to the poultry
industry with serious economic losses due to high
mortality and poor productivity (Morshed et al.,
2017; Norfitriah et al., 2018; Cui et al., 2020;

Cizmecigil et al., 2020). FAdV serotype 2, 8a, 8b and
11 has been reported as primary agent of IBH (Kajan
et al. 2013; Marek et al., 2016, Schachner et al., 2016)
while HHS is mainly caused by FAdV serotype 4
(Yasmeen et al., 2017; Li et al. 2018; Rashid et al.,
2020). Cases of gizzard erosion in chickens mainly
due to FAdV serotype 1, 8a, and 8b (Domanska-
Blicharz et al., 2011; Grafl et al., 2012; Schachner et
al., 2018; Morshed et al., 2017; Mirzazadeh et al.,
2021).

Based on previous literature, vaccine
development has been extensively conducted for
FAdV-4, 8b, 9, and 11 due to the high prevalence rate
in disease outbreaks compared to other serotypes
worldwide (Matthews, 2005; Alvarado et al., 2007;
Du et al., 2017; Wang et al., 2018; Steer-Cope et al.,
2019). Vaccination is the most effective method for
control and prevention against the disease either by
horizontal or vertical transmission in poultry farms
(Schijns et al., 2014; Schachner et al., 2018).
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Conventional vaccines such as the live
attenuated type induce long-lasting immunity as early
as day 7 post-vaccination (pv) and peak at day 21
pv by single-shot vaccination (Mansoor et al., 2011;
Ali et al., 2015). Similarly, in cases of chickens
infected with FAdV strain via the oral route, the
highest antibodies titer was recorded at day 21 post-
inoculation (pi) (Maiti & Sarkar, 1997). Both
compartments of the immune system comprised of
humoral and cellular mediated immunity were
stimulated by the application of live attenuated
vaccine in chickens (Schonewille et al., 2010; Ali et
al., 2015). As compared to the inactivated vaccine,
the level of antibody titer in the systemic circulation
is shortened and declined rapidly at day 21 pv
(Mansoor et al., 2011).

Meanwhile, live attenuated vaccine was
practically implemented in breeder flocks in Australia
since 1989 from virulent serotype 8b to protect broiler
flocks via maternal antibodies from vaccinated parent
flocks. Recently, the IBH outbreak was still reported
in their broiler farms and involved various serotypes
of FAdV which in this case, a cross-protection
vaccine is required (Steer et al., 2011; Shah et al.,
2017; Schachner et al., 2018; Kajan et al., 2019).

IBH was first reported in Malaysia in 2005 by
Hair-Bejo, then the cases of IBH were kept increased
over a year due to unavailable local vaccine against
the serotype 8b in Malaysia (Juliana et al., 2014;
Norina et al., 2016; Mat Isa et al., 2019). Although
strict biosecurity and proper management were
implemented in commercial premises, IBH was still
reported in the country mainly in broiler and layer
chickens (Norfitriah et al., 2018). Recently, FAdV
serotype 8b from Malaysian isolate was identified
as a primary agent of IBH and highly pathogenic in
chickens (Norfitriah et al., 2019). In the past few
years, IBH was identified as a secondary disease and
low pathogenic in chickens after being initiated by
immunosuppressive diseases such as infectious
bursal disease virus (IBDV) or chicken anemia virus
(CAV). Although vaccination against IBDV and CAV
were implemented in commercial premises, IBH cases
remained high in Malaysia due to virulent FAdV
strain from serotype 8b. Thus, it is an urgent need
for a suitable local vaccine to control disease
outbreaks in commercial poultry farms. The objective
of this study was to determine the efficacy of
attenuated FAdV serotype 8b isolate in specific
pathogen-free (SPF) chickens.

MATERIALS AND METHODS

FAdV attenuated isolate
FAdV vaccine inoculum was prepared from

attenuated isolate in primary culture of chicken
embryo liver (CEL) cells by serial passages (Sohaimi

et al., 2019). The isolate was obtained from
passage 35 namely as UPM1137CEL35 which was
characterized as FAdV group E serotype 8b. Several
molecular changes were detected in the major capsid
proteins typically in hexon and fiber genes as
described by Sohaimi et al. (2019). Freezing and
thawing to aid the release of virus particles from the
cell into supernatant were conducted three times
before centrifugation at 216 ×g for 5 min at 4°C
for clarification. Viral supernatant was titrated for
tissue culture infective dose 50%, TCID50 using
primary CEL cells according to Reed and Muench
(1938) protocol. The titer was determined at 106.7

TCID50/mL and used as vaccine inoculum in this
study.

Preparation of Challenge Virus
FAdV isolate named UPM11134 was originated

from 18 days old broiler chickens in the IBH case with
a history of daily mortality from day 7 of age. The
mortality rate was 0.5 to 1.0% per day. Upon
necropsy, the liver was swollen and pale with
yellowish discoloration as well as hemorrhages and
multifocal area of necrosis. The isolate was confirmed
as FAdV by conventional PCR and was highly
pathogenic in day-old specific pathogen-free (SPF)
chickens with 100% mortality within 4 days pi with
swollen and pale liver (Norfitriah et al., 2019). It was
characterized as FAdV serotype 8 and was used as
a challenge virus with the titer of 108.3TCID50/mL
based on Reed and Muench protocols (1938).

Experimental Design
The study was conducted under the approval of

the Institutional Animal Care and Use Committee
(IACUC), Universiti Putra Malaysia with AUP No.
R076/2015. Forty-day-old SPF White Leghorns chicks
were obtained from Thailand and divided into three
major groups, namely groups A, B, and C (Table 1).
The chicks in each group were housed separately in
the experimental room at Animal Research Facility
(ARF), Faculty of Veterinary Medicine, Universiti
Putra Malaysia under controlled conditions at 25°C
room temperature in the metal cage with wire mesh
bedding. Each group of chicks was further divided
into two groups namely the non-challenged and
challenged groups. A total of 12 chicks in group A
comprised eight chicks in the non-challenged
group and labeled as A1 and four chicks in the
challenged group labeled as A2. Four chickens were
used for each period of sampling and made a total
of 12 chicks per group (Sohaimi et al., 2019). All
chicks in group A were vaccinated with 0.1 mL
attenuated FAdV UPM1137CEL35 isolate with virus
titer of 106.7TCID50/mL at day old via the oral route.
Similarly, twelves chicks in group B were divided into
two groups namely the non-challenged (B1) and
challenged (B2) groups. All chicks in group B
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Table 1. Experimental design for the efficacy of attenuated FAdV isolates in SPF chickens. The table shows a number of
chicks given or not given vaccine by route of delivery and post-vaccination sampling schedule

Day post-vaccination (pv)
Groups

0 14 28
Total chick per group

Group A (Oral)
A1 (Non-challenged) – 4 4 12
A2 (Challenged) – – 4

Group B (Subcutaneous)
B1 (Non-challenged) – 4 4 12
B2 (Challenged) – – 4

Control (Unvaccinated)
C1 (Non-challenged) 4 4 4 16
C2 (Challenged) – – 4

Total number of SPF chicks 40

were vaccinated with 0.1 mL attenuated FAdV
UPM1137CEL35 isolate with virus titer 106.7TCID50/
mL at day old via subcutaneous (SQ) route. Sixteen
chicks were assigned in group C with twelve chicks
in the non-challenged group (C1) and four chicks
in the challenged group (C2). All chicks in group C
remained unvaccinated and acted as the control
group throughout the trial. All chicks in challenged
groups from groups A2, B2, and C2 were inoculated
with 0.2 mL of pathogenic UPM11134 FAdV inoculum
(Norfitriah et al., 2019) with a titer of 108.3TCID50/
mL via intraperitoneal (IP) route at day 14 pi. All
chicks were monitored daily for clinical signs and
mortality and given ad libitum access to feed and
water intake throughout the trial. The chicks were
sacrificed at days 0, 14, and 28 post-vaccination (pv)
in the control group (C1) and at days 14 and 28 pv
in both the groups A1 and B1 by cervical dislocation.
The chicks in the challenged groups (A2, B2, & C2)
were sacrificed at day 14 post-challenge (pc) or 28
days pv. Bodyweight was measured followed by
blood collection for detection of FAdV antibody by
ELISA test.

Monitoring of clinical signs and mortality
All chickens were monitored daily for mortality

and clinical signs associated with FAdV infection
such as depression, ruffled feather, diarrhea,
inappetence, and weakness throughout the trial
(Sohaimi et al., 2019).

Gross lesion and histopathology
Upon necropsy, the chicken carcasses were

examined for gross lesions based on sampling days.
Samples of trachea, liver, and gizzard were collected
and fixed in 10% buffer formalin for histological
examination using hematoxylin and eosin (H & E)
staining (Bancroft & Stevens, 1996).

Enzyme-Linked Immunoabsorbent Assay
The serum of chickens was tested for FAdV

antibody using a commercial Enzyme-Linked
Immunoabsorbent Assay (ELISA) kit (BioChek,
UK). The test was conducted according to the
manufacturer’s protocol as described by previous
work (Sohaimi et al., 2019).

Statistical Analysis
Means body weight and antibody titers in

chickens were analyzed by IBM SPSS Statistics
software version 22 using one-way analysis of
variance (ANOVA). Before performing the ANOVA
test, data normality was determined by the Shapiro-
Wilk test. Log10 transformation was applied for non-
normally distributed data. The significant difference
between group means was determined with a value
alpha level p<0.05 for all statistical tests. Multiple
group comparison or post-hoc test was conducted
after obtaining significant differences between group
means. At the group level, Tukey HSD (Honest
Significant Difference) test was conducted to
compare between group means. For comparison
between two groups means, data were evaluated by
an independent t-test (Wilcox, 1990).

RESULTS

Clinical signs
None of the chickens vaccinated at day-old with

FAdV attenuated isolate, UPM1137CEL35 (groups A1
& B1) exhibits abnormal signs associated with FAdV
throughout the trial. All chickens in groups A and B
were active and alert as well as chickens in the control
group until day 28 pv. After being challenged,
chickens in the unvaccinated group (C2) showed
clinical signs of weakness, severe depression, ruffled
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feathers, reduced feed consumption, and lateral
recumbence started from day 4 pc till 7 pc before
recovery at day 8 pc. Yet, mild depression, ruffled
feathers, and reduced feed consumption were
observed until day 14 pc in group C2. All vaccinated
challenged chickens in groups A2 and B2 were
normal without showing any abnormal clinical signs
associated with FAdV infection throughout the trial
after the challenge.

Bodyweight
For vaccinated groups, there is no significant

difference (p>0.05) between non-challenged (A1 &
B1) and challenged (A2 & B2) groups. The mean
body weight of chickens in the control challenged
group (C2) was significantly declined (p<0.05) with
278 ± 22 g at day 14 pc compared to the non-
challenged (C1) group (423 ± 40 g). Among the non-
challenged groups (A1 & B1), there is no significant
difference (p>0.05) in mean body weight until day 28
pv. In addition, there are statistically significant
differences (p<0.05) in mean body weight between
challenged groups at day 14 pc. Mean body weight
in the control group (278 ± 22 g) was significantly
low (p<0.05) compared to that of vaccinated group
A2 (377 ± 21 g) and B2 (379 ± 19 g) at day 14 pc
(Figure 1). In the control group (Group C), challenged
chickens had low body weight significantly as
compared to the non-challenged group (p<0.05).
Chicken in the challenged control group (group C2)
was significantly lower in mean body weight at day
14 pc (p<0.05) as compared to vaccinated groups

with attenuated FAdV isolate, UPM1137CEL35 via
oral (Group A2) and subcutaneous (Group B2)
routes.

Gross lesions
For non-challenged chickens, liver, gizzard, and

trachea in the control (C1) and vaccinated groups
(A1 & B1) were normal at days 0, 14, and 28 pv. On
day 14 pc, the liver in chickens from the challenged
and unvaccinated group (C2) was pale with
yellowish discoloration at periphery bilateral lobes,
while, gizzard and trachea were normal without
significant findings in all control chickens (Figure 2a
& 2b). In vaccinated challenged groups (A2 & B2),
liver, gizzard, and trachea were normal at day 14 pc
without a significant finding.

Histological lesions
Liver, gizzard, and trachea were normal at days

0, 14, and 28 pv in group C1. Similarly, for groups
A1 and B1, there are no significant changes under
microscopic examination at days 14 and 28 pv. In
challenged groups (A2, B2, or C2), histological
changes were observed in the liver with a presence
of focal lymphoid aggregation and mild congestion
in the control unvaccinated group (C2) at day 14 pc
(Figure 3a and 3b).

FAdV antibody response
FAdV antibodies were not detected at day-old

chicks. For the vaccinated group, A, the antibody
titer in the challenged group, A2 (5496 ± 1688) was

Fig. 1. Mean body weight of chickens in between non-challenged and challenged groups with virulent
fowl adenovirus isolate, UPM11134, at day 14 post-challenged (pc). Both non-challenged and challenged
groups consist of groups A, B, and C in the study. Group A: Vaccinated chickens with UPM1137CEL35
isolate via the oral route. Group B: Vaccinated chickens with UPM1137CEL35 isolate via the
subcutaneous route. Group C: Control unvaccinated chickens. An asterisk * indicates a significantly
different (p<0.05) between groups.
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Fig. 3. Liver of chickens in challenged groups at day 14 pc after challenged with UPM11134 isolate from (a). Group B2
and (b). Group C. Liver was normal in the inoculated group without changes in a central vein (CV) and hepatocytes (thick
arrows) lining by sinusoid (line arrows) in group B2. A histological lesion with focal lymphoid aggregation (thick arrow)
with engorgement of red blood cells (RBCs) in a central vein (line arrow) indicates mild congestion at day 14 pc in Group
C2. Group B2: Vaccinated chicken with UPM1137CEL35 via the subcutaneous route. Group C2: Control unvaccinated
chicken. HE. Scale bar = 100μm.

Fig. 2. Liver of chicken at day 14 pc after challenge with UPM11134 isolate from (a). Group B2 and (b). Group C2.
Group B2: Vaccinated chicken with UPM1137CEL35 isolate via the subcutaneous route. Normal liver color (brown), smooth
and glistening surface without the appearance of gross lesion was observed. Group C2: Control unvaccinated chicken.
Gross lesion of the pale liver with yellowish discoloration in bilateral lobes was observed (arrow).

significantly high (p<0.05) compared to the non-
challenged group, A1 (163 ± 17). For group B, there
is no significant difference (p>0.05) in antibody titer
between challenged, B2 (3895 ± 1858), and non-
challenged group, B1 (324 ± 85). Analysis of antibody
response in group C revealed the antibody titer in
the challenged group, C2 (6276 ± 1983) had
significantly high (p<0.05) compared to that non-
challenged group, C1 (Not detected) (Figure 4).
However, there is no significant different (p>0.05) in
mean antibody response between challenged groups.
For non-challenged groups, the antibody titers in

group B1 were significantly high (p<0.05) compared
to the control group (C1) at days 14 and 28 pv. The
antibody titers between-group A1 and B1 were not
significantly different (p>0.05) at days 14 and 28 pv.

DISCUSSION

The level of protection produced by the
UPM1135CEL35 isolate against the challenge
FAdV isolate, UPM11134 was evaluated based
on clinical signs or mortality, bodyweight for
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Fig. 4. Mean antibody titer of chickens between non-challenged and challenged groups at day 14 pc.
Both non-challenged and challenged groups consist of groups A, B, and C in the study. Group A:
Vaccinated chickens with UPM1137CEL35 isolate via the oral route. Group B: Vaccinated chickens with
UPM1137CEL35 isolate via the subcutaneous route. Group C: Control unvaccinated chickens. An asterisk
* indicates a significantly different (p<0.05) between groups.

bird’s performance, gross and histological lesions
(Alvarado et al., 2007). It was demonstrated
that FAdV attenuated serotype 8b isolate,
UPM1137CEL35 from cell culture-derived conferred
full protection in vaccinated chickens from virulent
FAdV serotype 8b isolate, UPM11134. Vaccinated
chickens in both groups were safe and protected
from disease without exhibiting clinical signs
associated with IBH disease and lacked mortality
throughout the trial. The challenged virus does not
affect the overall performance of vaccinated chickens
throughout the trial. This finding was consistent with
previous studies using live attenuated FAdV isolate
as a vaccine (Schonewille et al., 2010; Mansoor et
al., 2011; Ali et al., 2015).

In contrast, chickens in the unvaccinated
challenged group (C2) exhibited clinical signs of
severe depression, ruffled feathers, and lateral
recumbence at day 4 to 7 pc before recovery at day
8 pc probably due to age resistance toward FAdV
infection. All the chickens have ruffled feathers with
reduced feed consumption until day 14 pc. In
addition, significant low body weight was noted due
to reduced feed consumption after exposure to
virulent FAdV strain with no protection by
vaccination. Those clinical signs are typically
associated with IBH which is consistent with natural
outbreaks and experimental induced studies in
affected chickens (Junnu et al., 2015; Norina et al.,
2016; Norfitriah et al., 2019; Wang et al., 2020).

Neither gross nor histological lesions were
recorded in all tissues for vaccinated groups A and
B regardless of challenged with virulent FAdV strain.

As compared to the non-vaccinated and challenged
group, C2, pale at bilateral lobes of the liver was
observed at day 14 pc. This finding was identical
with earlier observation conducted by Norfitriah et
al. (2019) which the UPM11134 isolate caused
yellowish and pale liver in infected chickens.
Histologically, lymphoid aggregation with mild
congestion was observed in the control group (C2)
without the presence of intranuclear inclusion body
(INIB) due to the recovery process as a result of
virus replication in the liver at day 14 pc. In a study
conducted by Cook (1974), chicken at an early age
within 4 days old were highly susceptible to FAdV
infection however it was completely resistant at 10
days of age.

High antibody response at day 14 pc occurs due
to induction of active immune response caused by
FAdV challenged virus. This observation was
corroborated with the finding of Kaur et al. (1997).
It is shown that chickens vaccinated by the SQ route
had a slight low antibody titer due to progressive
neutralization of antigen by existing antibody in the
circulation and caused a slight reduction of antibody
level at day 14 pc following challenged with virulence
FAdV. In contrast, chickens in the unvaccinated
group (C2) had the highest antibody response than
vaccinated groups due to a lack of FAdV antibodies
to neutralize the antigen. Although all vaccinated
chickens had low antibody response at day 14 pv
prior challenge, it seemed that chickens were
protected against IBH due to the presence of
adequate neutralizing antibodies or perhaps other
acquired immune responses such as cell-mediated
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immunity. These findings are consistent with
previous work using live FAdV serotype 4 vaccines
which provide full protection in SPF chickens
regardless of the absence of neutralizing antibodies
(Schonewille et al., 2010).

FAdV is commonly spread by horizontal
transmission via ingestion of infected feces in a
commercial flock with contaminated litter (Li et al.,
2017; Schachner et al., 2018). For this reason, the
vaccination is crucial as early as day-old chicks by
hatchery vaccination via a subcutaneous route which
is more effective and convenient to poultry farmers
(Abdul-Cader et al., 2018). In this way, all chicks will
receive an equal amount of vaccine with high
uniformity of FAdV antibody response and provide
early protection in the flock. Based on the present
findings, it seems that vaccinated chicks using
attenuated FAdV isolate in primary CEL cells were
able to induce protective immunity with a 100%
survival rate in chickens after 2 weeks post-
challenged without compromising the bird‘s
performance. It indicates that the attenuated FAdV
isolate, UPM1137CEL35 is safe and effective to be
used as a vaccine candidate for Malaysian’s poultry
industry.

CONCLUSION

Live attenuated FAdV serotype 8b isolate,
UPM1137CEL35, confers full protection against the
IBH in chickens. Thus, this is isolate has a high
potential to be used as a homologous local serotype
8b vaccine in Malaysian commercial poultry farms.
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