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INTRODUCTION

Fowl adenovirus (FAdV) is non-enveloped DNA virus 
which has been classified into five molecular species 

(A-E) and 12 serotypes. Based on International Commit-
tee on Taxonomy of Viruses (ICTV) nomenclature, FAdV 
comprised of groups A (FAdV-1), B (FAdV-5), C (FAdV-
4 and -10), D (FAdV-2,-3,-9 and -11) and E (FAdV -6,-
7,-8a and -8b) (Benko et al., 2005). FAdV mostly infect 
broiler chickens at age 3 to 6 weeks old and is readily 
transmitted both horizontally by the fecal-oral route and 

vertically by embryonated eggs (Shah et al., 2017; Pan et 
al., 2017). 

FAdV infection caused several clinical diseases in avian 
species such as inclusion body hepatitis (IBH), gizzard 
erosion, hydropericardium syndrome (HPS), necrotizing 
pancreatitis and respiratory disease (Kajan et al., 2013; 
Okuda et al., 2004; Balamurugan and Kataria, 2004). High 
pathogenic FAdVs are major viral threat to poultry indus-
try due to high mortality and poor production (Norina et 
al., 2016; Hair-Bejo, 2005). Among 12 serotypes of FAdV, 
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serotypes 1, 2, 4, 8b,8a and 11 are the most commonly re-
ported as high pathogenic FAdV strains causing outbreaks 
of IBH, HPS and gizzard erosion in poultry (Schachner et 
al., 2017; Wang et al., 2019; Juliana et al., 2014; Okuda et 
al., 2006). To date, FAdV serotype 8b was identified as pri-
mary agent of IBH and gizzard erosion outbreaks in Ma-
laysia with significant economic losses in affected chicken 
farms ( Juliana et al., 2014; Norfitriah et al., 2018). 

FAdV comprised of major capsid protein encoded for both 
antigenicity and virulence of virus which is located in hexon 
and fiber genes (Sohaimi et al., 2019; Zhang et al., 2018). 
The protruding structure of hexon consist of variable loops 
which play important role for antibody binding site prior 
neutralization and has a similar functionality to fiber knob 
protein (Tomita et al., 2018; Varghese et al., 2004). Nu-
cleotide sequence analysis between FAdV serotypes shown 
largest variability in the region of L1 loop in hexon and 
knob in fiber genes (Meulemans et al., 2004). In addition, 
molecular changes at both regions influence infectivity of 
FAdV in chickens as a result from viral attenuation in al-
ternative host either chicken embryo or cell cultures (So-
haimi et al., 2019; Sohaimi et al., 2018; Mansoor et al., 
2011). In fact, genomic differentiation between pathogenic 
and non-pathogenic FAdV strains were determined based 
on fiber gene analysis (Grgić et al., 2014).

Attenuation of FAdV field strains were attempted in chick-
en embryonated eggs (CEE), hepatoma cells line, Vero cells 
and recently, in chicken embryo liver (CEL) cells to reduce 
FAdV virulence following serial passages (Sohaimi et al., 
2019; Sohaimi et al., 2018; Ali et al., 2015; Alexandera et 
al., 1998). Live attenuated FAdV isolates induce long last-
ing immunity which peak at day 21 post-inoculation (pi) 
and confer full protection in chickens against IBH by sin-
gle shot vaccination (Mansoor et al., 2011). A similar ob-
servation was reported in previous study in chicken infect-
ed by live FAdV isolate via oral route and produced highest 
antibodies titre at day 21pi (Maiti and Sarkar, 1997). In 
contrast, the life spans for inactivated vaccine are short-
ened in the blood circulation and drop rapidly at day 21pi 
(Mansoor et al., 2011). Furthermore, live attenuated isolate 
are preferable than inactivated form due to capability of 
viral antigen to stimulate humoral and cellular mediated 
immunity in chickens (Schonewille et al., 2010).

In a recent year, IBH outbreaks in poultry producing areas 
were still reported worldwide and caused by various FAdV 
serotypes ( Jordan et al., 2019). Since IBH is a devastating 
disease and infects young broiler chicks as early as 7 day 
of age, thus, control measures are critically important for 
prevention of virus transmission in a farm. Although strict 
biosecurity and good management practices might break 

spreading of viruses between farms, however, high patho-
genic strain due to either serotype 4, 8b or 9 could circum-
vent the system and caused disease outbreak in commercial 
poultry premises. Thus, it`s urgently need a serotype-spe-
cific vaccines against pathogenic FAdV strains as effective 
control measures since the viral agent is highly resistant 
and ubiquitous in the farm. 

The impact of serial passages of FAdV in cell cultures 
were the presence of molecular changes in hexon and fiber 
genes which encoded for virulence determinant (Sohaimi 
et al., 2019). However, the effect of those changes in broil-
er chicken remained unknown although FAdV infection 
commonly caused a disease in meat producing chickens. 
Therefore, the objective of this study were to determine 
the pathogenicity and immunogenicity of live attenuated 
FAdV isolate at 35th passages (UPM1137CEL35) in CEL 
cells in commercial broiler chickens.

MATERIALS AND METHODS

fadV iSolate
FAdV isolate namely UPM1137 was originated from Ma-
laysian`s commercial layer chicken farms during an out-
break of IBH and gizzard erosion with 2% total mortality. 
The isolate was characterized molecularly as FAdV group 
E species with 99% sequence identity and belong to se-
rotype 8b (Sohaimi et al., 2018). Briefly, the isolate used 
in the present study was propagated in primary CEL cells 
for 35th passages (UPM1137CEL35) and resulted several 
molecular changes in hexon and fiber genes (Sohaimi et 
al., 2019). There were 4 nucleotide (nt) bases substituted 
within L1 loop region of hexon gene and 3 amino acids 
(aa) changes at position 44(D-V), 133(S-F) and 185(V-
E). In addition, substitution 6nt were detected followed 
by 2aa changes in knob of fiber genes at position 348(T-
P) and 360(A-P). Despite the nt changes, the isolate was 
remained and classified under serotype 8b and group E 
species (Sohaimi et al., 2019). The virus titre of the isolate 
was 106.7 Tissue culture infective dose (TCID)/ml based 
on Reed and Muench protocol (1938). 

experiMeNtal deSigN of pathogeNicity aNd 
iMMuNogeNicity Study
Sixty four 1-day-old, Cobb 500 commercial broiler chick-
ens were kept under controlled environment with food and 
water were given ad-libitum in Animal Research Facility, 
Universiti Putra Malaysia. The chicks were divided into 
three major groups namely the groups A, B and C. There 
are 20 chicks were assigned in both groups A and B, and 
24 chicks in the group C. Subsequently, each group was 
divided further into the sacrifice and mortality groups. 
For groups A and B, 16 chicks were caged in the sacri-
fice group and another 4 chicks in the mortality groups. 
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In the group C, 20 chicks were assigned in the sacrifice 
group and 4 chicks in the mortality groups. At day old (day 
0pi), four chicks in the control groups were sacrificed by 
cervical dislocation, whilst 16 chicks each from groups A, 
B and C were sacrificed at various interval of time (3, 7, 
14 and 21 days pi) of 4 chicks at each sampling time. The 
chicks in groups A and B were inoculated with 0.5mL live 
attenuated FAdV isolate (UPM1137CEL35) with virus 
titre of 106.7TCID/ml via oral route and 106.7TCID/ml via 
intraperitoneal route, respectively at day-old. The chicks in 
group C remained uninoculated and acted as the control 
group. Samples of blood and body weight were collected 
prior to sacrifice. On necropsy, tissue samples of liver and 
gizzard were harvested for histopathological examination. 
The animal study was conducted under approval of Insti-
tutional Animal Care and Use Committee (IACUC), Uni-
versiti Putra Malaysia with AUP No. R076/2015.

oBSerVatioN of cliNical SigNS aNd Mortality 
All chickens were monitored daily for mortality and clini-
cal signs associated with FAdV infection such as diarrhoea, 
ruffled feather, depression, weakness and recumbence fol-
lowing inoculation until 21 days pi. 

groSS aNd hiStopathological exaMiNatioN
On necropsy, the gross lesions were recorded and sample 
of liver and gizzard were collected and fixed in 10% buff-
ered formalin for histopathological examination. The tis-
sues were then processed, embedded in paraffin wax by 24 
hours, and cut into 5µm sections. The sections were stained 
with Haematoxylin and Eosin (HE) and examined under 
light microscope (Bancroft and Stevens, 1996).

detectioN of fadV aNtiBody titre
The FAdV antibody titre was determined by commer-
cial Enzyme Linked Immunoabsorbent Assay (ELISA) 
kit (BioChek, UK). The test was conducted according to 
manufacture`s protocol. Briefly, serum sample was diluted 
into 1:100 in sample diluents reagent provided in the kit. 
The microtitre plate coated with Fowl adenovirus group 1 
(FADV Gp1) antigen was added with 100µl of negative 
and positive control into respective wells as described in 
the protocol. Then, 100µl of diluted sample was added 
into the appropriate wells and the plate was covered 
and incubated at room temperature for 30 minutes. 
The contents of wells was aspirated and washed with 
wash buffer (350µl) for 4 times to remove non-specific 
antibodies and other serum proteins. Anti-chicken IgG 
labelled with alkaline phosphatase was then added into 
appropriate wells and incubated at room temperature for 
30 minutes. The well was washed with wash buffer (350µl) 
to remove unreacted conjugate prior added with substrate 
reagent in the form of p-Nitrophenyl Phosphate (pNPP) 
chromogen. The plate was incubated for 15 minutes at 

room temperature. To stop the reaction, 100µl of stop 
solution was added into appropriate well. The absorbance 
for control and samples was measured by microtitre plate 
reader at 405nm wavelength (BioTek EL800, USA). The 
S/P ratio and antibody titre were analyzed by BioChek 
software programme.

StatiStical aNalySiS
The body weight and FAdV antibody titre of the chick-
ens were analysed by 1-way analysis of variance (ANOVA) 
using Statistical Package for the Social Sciences (SPSS) 
version 22. The significant value was determined at value 
p<0.05 and subsequently by Tukey honest significance dif-
ferent (HSD) test for significant data (Lee and Lee, 2018).

RESULTS

cliNical SigNS aNd Mortality 
All chickens in the control and FAdV inoculated groups 
were active and alert without any mortality and clinical 
sign associated with FAdV infection throughout the trial. 

Figure 1: Body weight of chickens following inoculation 
with live attenuated Fowl adenovirus (FAdV) isolate 
(UPM1137CEL35) from days 0 to 21 days post-
inoculation (pi) in groups A (oral route), B (intraperitoneal 
route) and C (control) throughout the trial. There are 
significantly lower (p<0.05) in body weight of chickens in 
groups A and B at days 7 and 14pi compared to group C. 
At day 21pi, the body weight of chickens in group B are 
significantly higher (p<0.05)* than group C. Bar indicated 
as standard deviation.

Body weight 
The body weight of chicks was 55 ± 1.8g at day old and 
continued to increase to 89 ± 3, 244 ± 8.8, 525 ± 14 and 
650 ± 26.8g, at day 3, 7, 14 and 21pi, respectively. The body 
weight in groups A and B were 90 ± 4 and 93 ± 3g, respec-
tively at day 3pi without significant difference (p>0.05) 
between groups. At days 7pi, the body weight was 194 ± 6 
and 181 ± 3g in groups A and B, respectively, which signif-
icantly lower (p<0.05) than group C (244 ± 8.8g). The body 
weight of chickens at day 14pi was 412 ± 13.7 and 394 ± 
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18g in groups A and B, respectively, which significantly 
lower (p<0.05) than group C (525 ± 14g). At day 21pi, the 
body weight of chickens in groups A and B were 717 ± 24 
and 769 ± 31.5g, respectively, which significantly higher 
(p<0.05) in group B compared to group C (650 ± 26.8g) 
(Figure 1). 

groSS aNd hiStological leSioNS
The liver and gizzard of chickens in all groups were normal 
at days 0, 3, 7, 14 and 21pi.  Liver of chickens were normal 
in all groups with normal size, brown colour with firm tex-
ture, smooth and glistening surface throughout the trial. 
Histologically, normal architecture of hepatocytes lining 
by sinusoid without histological changes was observed 
in all groups (Figure 2 and 3). In gizzard, the koilin layer 
remained intact in all groups without gross changes from 
day 0 to 21pi. (Figure 4). Histopathological examination of 
gizzards revealed intact koilin and epithelium layers with-
out abnormalities in all groups. 

Figure 2: Normal gross and histological findings of liver 
in all groups of chickens with smooth, glistening surface 
and normal architecture of hepatocytes lining by sinusoid, 
respectively, following inoculation with live attenuated 
UPM1137CEL35 Fowl adenovirus isolate at day 14 
post-inoculation (pi). Gross findings indicated from (a) 
to (c) and histological findings from (d) to (f ). (a): Group 
A inoculated via oral route, (b): Group B inoculated via 
intraperitoneal (IP) route, (c): Group C: Control, (d): 
Group A inoculated via oral route, (e): Group B inoculated 
via IP route, (f ): Group C: Control. HE, 40X. Bar = 50µm.

fadV aNtiBody reSpoNSe iN coMMercial Broiler 
chickeNS
The antibody titres were 7795 ± 1414, 4776 ± 1170, 8536 ± 
1542 and 2445 ± 1472 at day 0, 3, 7 and 14 days pi, respec-
tively in the control group, but it was not detected at day 
21pi (Figure 5). The antibody titres were 4943 ± 2049 and 
4188 ± 1310 in groups A and B, respectively, at day 3pi. 
At day 7pi, the titre were 2243 ± 433 and 3634 ± 2315, in 
groups A and B, respectively. Subsequently at day 14pi, the 

Figure 3: Normal gross and histological findings of liver 
in all groups of chickens with smooth, glistening surface 
and normal architecture of hepatocytes lining by sinusoid, 
respectively, following inoculation with live attenuated 
UPM1137CEL35 Fowl adenovirus isolate at day 21 
post-inoculation (pi). Gross findings indicated from (a) 
to (c) and histological findings from (d) to (f ). (a): Group 
A inoculated via oral route, (b): Group B inoculated via 
intraperitoneal (IP) route, (c): Group C: Control, (d): 
Group A inoculated via oral route, (e): Group B inoculated 
via IP route, (f ): Group C: Control. HE, 40X. Bar = 50µm.

Figure 4: Normal gross finding of gizzard in all groups 
of chickens with intact koilin layer following inoculation 
with live attenuated UPM1137CEL35 Fowl adenovirus 
isolate at day 3 post-inoculation (pi) from (a) to (c) and 
day 21pi (d) to (f ). (a): Group A inoculated via oral route 
at day 3pi, (b): Group B inoculated via intraperitoneal 
(IP) route, (c): Group C: Control at day 3pi, (d): Group 
A inoculated via oral route at day 21pi, (e): Group B 
inoculated via intraperitoneal (IP) route at day 21pi, (f ): 
Group C: Control at day 21pi.

titre were 2595 ± 1326 and 2866 ± 1281, in groups A and 
B, respectively. The antibody titre at days 7 and 14pi were 
not significant difference (p>0.05) between the groups. At 
day 21pi, the antibody titre of chickens in groups A and 
B were 190 ± 136 and 2348 ± 1800, respectively. The an-
tibody titre of group B were significantly higher (p<0.05) 
than groups A and C (control).
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Figure 5: Fowl adenovirus (FAdV) antibody response in 
commercial broiler chickens following inoculation with 
live attenuated UPM1137CEL35 FAdV isolate in groups 
A (oral route), B (intraperitoneal route) and C (Control) 
from day 0 to 21pi. The antibody titre was significantly 
higher (p<0.05)* in group B than groups A and C at day 
21 pi.  Bar indicated as standard deviation.

DISCUSSION

The study demonstrated that the FAdV isolate at 35th pas-
sage in CEL cells (UPM1137CEL35) is safe and immu-
nogenic in commercial broiler chickens. The isolate could 
induce antibody with high titre at day 21 pi following in-
traperitoneal route of inoculation at day-old despite of a 
high maternal derived antibody (MDA) detected at day-
old chicks (7795 ± 1414). Thereafter, the MDA was not 
detected at day 21pi as a result from normal regression of 
maternal immunity in chickens (Kowalczyk et al., 1985).

It seems that inoculation of live attenuated FAdV isolates 
in broiler chickens does not affect overall performance 
of chickens throughout the trial. The low body weight of 
chickens at day 7 and 14pi in the oral and intraperitoneal 
groups could indicates the effect of viral multiplication in 
target organs (Cook, 1983). Yet, all chickens appeared nor-
mal without any abnormal signs in period of the study. A 
consistent finding reported previously ( Junnu et al., 2015). 
The study showed that the live attenuated FAdV isolate 
in CEL cells was safe in broiler chicken. Neither clinical 
signs, nor gross and histological lesions were recorded in 
inoculated chickens. It was confirmed that the isolate from 
passage 35 in CEL cells is attenuated due to presence of 
molecular changes in hexon and fiber genes which highly 
associated with virulence determinant as reported in pre-
vious work (Sohaimi et al., 2019; Zhang et al., 2018). The 
current work is consistent with previous finding by utili-
zation of live FAdV-8b vaccine in chickens (Steer et al.,, 
2011). As compared to field FAdV isolate, 100% mortal-
ity was recorded in infected chickens within 3 to 8 day pi 
with prominent gross and histological lesions in liver (Ren 
et al., 2019; Norfitriah et al., 2018; Ahmad et al., 2011; 
Alvarado et al., 2007). It could be suggested that substitu-

tion of amino acids in both genes caused alteration of the 
proteins as primary attachment site to host cells receptor 
prior infection. Passaging of field isolate induced molecu-
lar changes in hexon and fiber genes, resulting diminished 
virus virulence as reported in previous paper (Sohaimi et 
al., 2019). 

Current findings are consistent with earlier study following 
inoculation of mutated L1 loop of hexon gene inoculum at 
16th passage adapted embryo without caused any lesion in 
chickens (Mansoor et al., 2011). In a recent study, the 20th 
passaged embryo is attenuated in chickens with existence 
of numerous molecular changes in hexon and fiber genes 
after continuous passage in CEE (Sohaimi et al., 2018).  It 
seem that substitution of amino acids in L1 loop of hexon 
and knob of fiber genes in the current FAdV inoculum at 
35th passage, influences virus infectivity in broiler chickens 
and unable to cause disease due to low virus virulence. 

High FAdV antibody titre in chicks at day old is due to 
presence MDA, probably as a result from natural exposure 
of breeder flocks to FAdV infection since those chickens 
were not vaccinated against FAdV prior this study (Sohai-
mi et al., 2018; Alvarado et al., 2007). The antibody titre 
declined significantly at day 21pi and undetected in chicks. 
Current study demonstrated that the UPM1137CEL35 
isolate could induce high antibody titre at day 21pi in 
chickens following inoculation with FAdV via intraperito-
neal route. As compared to oral route, low antibody titre in 
chickens perhaps due to neutralization of viral antigen by 
mucosal immunity lining the gastrointestinal tract (GIT) 
particularly at gut associated lymphoid tissue (GALT) and 
failed to replicate effectively in target site for induction of 
antibody (Muir et al., 2000).

It could be suggested that high antibody response via in-
traperitoneal route is due to the capability of the viral an-
tigen neutralize MDA and subsequently replicate in target 
organ to stimulate humoral immune response. The other 
possible reason is the antigen absorb directly to the blood 
circulation via intraperitoneal route and traveling to tar-
get organ for multiplication without exposure to mucosal 
immunity in GIT tract (Muir et al., 1995). Additionally, 
the viral antigen may absorbed into the blood circulation 
directly, perhaps, able to circumvent MDA from neutrali-
zation due to changes in epitopes in L1 loop of hexon and 
knob of fiber protein in attenuated isolate (Doud et al., 
2017). The remaining virus antigen were still exists in the 
target site, multiplied and continuous replicated to stim-
ulate humoral response. Thus, it leads to induction of an-
tibody response and cause high antibody titre at day 21pi. 
An active antibody response is not elicited until the MDA 
titre has dropped below a certain level as reported previ-
ously (Saifuddin and Wilks, 1990).
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With high antibody response induced by the isolate, it in-
dicates the isolate able to replicate in target organ without 
cause a disease in chickens. It shown that attenuated iso-
late strongly induced high antibody response without in-
terference by MDA through parenteral route. Since MDA 
definitely drops from 14 day of age as reported in various 
studies, it is the best to provide early protection in young 
chicks by vaccination against both vertical and horizontal 
transmission through hatchery vaccination. Implemen-
tation of vaccine by systemic route will remain antigen 
longer in circulation and induced long lasting immunity 
than oral route as demonstrated in this study. Further-
more, vaccination by injectable route at day old chicks in 
hatchery is essential to ensure that all chicks will receive 
adequate amount of vaccine and improve the vaccine ef-
ficiency. Previous report demonstrated that mortality was 
low in vaccinated chickens compared to unvaccinated 
flocks and thus, vaccination is one of the most effective 
way to prevent and control disease outbreak in the high 
risk chicken farms (Afzal and Ahmad, 1990).

CONCLUSION 

The UPM1137CEL35 FAdV isolate is safe and could in-
duce high antibody titre in broiler chickens when inocu-
lated via intraperitoneal route. Thus, the isolate has high 
potential for future use in the prevention and control of 
FAdV serotype 8b infection in chicken farms.

ACKNOWLEDGEMENTS

The study was funded by Ministry of Education, Malaysia, 
and Ministry of Science and Technology, Malaysia with 
grant numbers 6369101 and 6364002, respectively. The 
funders had no role in study design, data collection and 
analysis, decision to publish, or preparation of the man-
uscript.

CONFLICT OF INTEREST

The authors declares that they have no competing inter-
ests. 

AUTHORS CONTRIbUTION

Conceptualization: Mohd Hair Bejo, Data curation: 
Norfitriah Mohamed Sohaimi. Formal analysis: 
Norfitriah Mohamed Sohaimi, Methodology: Norfitriah 
Mohamed Sohaimi, Mohd Hair Bejo, Software: 
Norfitriah Mohamed Sohaimi,Validation: Mohd Hair 
Bejo, Abdul Rahman Omar, Aini Ideris, Nurulfiza Mat Isa, 
Investigation: Norfitriah Mohamed Sohaimi, Writing - 
original draft: Norfitriah Mohamed Sohaimi Writing - 
review & editing: Norfitriah Mohamed Sohaimi, Mohd 

Hair Bejo, Abdul Rahman Omar, Aini Ideris, Nurulfiza 
Mat Isa

REFERENCES

•	Afzal M, Ahmad I (1990). Efficacy of an inactivated vaccine 
against hydropericardium syndrome in broilers. Vet. Rec. 
126:59-60. doi: http://dx.doi.org/10.1136/vr.126.3.59

•	Ahmad MD, Zaman S, Mushtaq MH, Anjum AA, Akram M 
(2011). Comparative pathogenicity of liver homogenate and 
cell culture propagated hydropericardium syndrome virus in 
broiler birds. Pak Vet. J. 31(4):321-326.

•	Alexandera HS, Huber P, Cao J, Krell PJ, Nagy E (1998). 
Growth characteristics of fowl adenovirus type 8 in a 
chicken hepatoma cell line. J. Virol. Methods. 74:9-14. doi: 
https://doi.org/10.1016/S0166-0934(98)00062-7.

•	Ali S, Mahmood MS, Hussain I, Khan MN (2015). Preparation 
and evaluation of lyophilized live attenuated vaccine of 
inclusion body hepatitis hydropericardium syndrome (IBH-
HPS) against challenge in broiler chickens.  Int. J. Agric. 
Biol. 17(3):658-662. 

•	Alvarado IR, Villegas P, El-Attrache J, Jensen E, Rosales G, 
Perozo F, Purvis LB (2007). Genetic characterization, 
pathogenicity, and protection studies with an avian 
adenovirus isolate associated with inclusion body 
hepatitis. Avian Dis. 51:27-32. doi: http://www.jstor.org/
stable/4493164.

•	Balamurugan V, Kataria JM (2004). The hydropericardium 
syndrome in poultry- a current scenario. Vet Res. 
Commun. 28:127-148. Doi: https://doi.org/10.1023/
B:VERC.0000012115.86894.1e

•	Bancroft JD, Stevens A (1996). Theory and Practice of 
Histological Technique. 5th ed. Edinburgh: Livingston 
Publishers; 1996.

•	Benko M, Harrach B, Both GW, Russell WC. Adair BM, 
Adam E, de Jong JC, Hess M, Johnson M (2005). Family 
Adenoviridae. In: Fauquet CM, Mayo MA, Maniloff J, 
Desselberger U, Ball LA. editors. Virus Taxonomy: Eighth 
Report of the International Committee on Taxonomy of 
Viruses. London: Academic. p. 213-228.

•	Cook JKA (1983). Fowl adenoviruses: studies on aspects 
of the pathogenicity of six strains for 1-day-old 
chicks. Avian Pathol. 12:35-43. doi: https://doi.
org/10.1080/03079458308436147

•	Doud MB, Hensley SE, Bloom JD (2017). Complete mapping 
of viral escape from neutralizing antibodies.  PLoS 
pathogens. 13(3):e1006271. https://doi.org/10.1371/
journal.ppat.1006271

•	Grgić H, Krell PJ, Nagy E (2014). Comparison of fiber gene 
sequences of inclusion body hepatitis (IBH) and non-IBH 
strains of serotype 8 and 11 fowl adenoviruses. Virus Genes. 
48:74-80. https://doi.org/10.1007/s11262-013-0995-y

•	Hair-Bejo M (2005). Inclusion body hepatitis in commercial 
broiler chickens. J. Vet. Malaysia. 17:23-26.

•	Juliana MA, Nurulfiza MI, Hair-Bejo M, Omar AR, Aini I 
(2014). Molecular characterization of fowl adenoviruses 
isolated from inclusion body hepatitis outbreaks in 
commercial broiler chickens in Malaysia. Pertanika J. Trop. 
Agric. Sci. 37(4):483-497.

•	Junnu S, Lertwatcharasarakul P, Jala S, Phattanakulanan S, 
Monkong A, Kulprasertsri S, Thivalai C, Chakritbudsabong 
W, Chaichoun K, Songserm, T (2015). An inactivated 

http://dx.doi.org/10.1136/vr.126.3.59 
https://doi.org/10.1016/S0166-0934(98)00062-7 
http://www.jstor.org/stable/4493164 
http://www.jstor.org/stable/4493164 
https://doi.org/10.1023/B:VERC.0000012115.86894.1e 
https://doi.org/10.1023/B:VERC.0000012115.86894.1e 
https://doi.org/10.1080/03079458308436147 
https://doi.org/10.1080/03079458308436147 
https://doi.org/10.1371/journal.ppat.1006271 
https://doi.org/10.1371/journal.ppat.1006271 
https://doi.org/10.1007/s11262-013-0995-y 


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

May 2021 | Volume 9 | Issue 5 | Page 654

vaccine for prevention and control of inclusion body 
hepatitis in broiler breeders. Thai J. Vet. Med. 45(1):55-62.

•	Jordan AB, Blake L, Bisnath J, Ramgattie C, Carrington CV, 
Oura CAL (2019). Identification of four serotypes of fowl 
adenovirus in clinically affected commercial poultry co‐
infected with chicken infectious anaemia virus in Trinidad 
and Tobago. Transbound. Emerg. Dis. 66: 1341– 1348.  

•	Kajan GL, Kecskeméti S, Harrach B, Benkő M (2013). 
Molecular typing of fowl adenoviruses, isolated in Hungary 
recently, reveals high diversity. Vet. Microbiol. 167: 357-363. 
doi: https://doi.org/10.1016/j.vetmic.2013.09.025.

•	Kowalczyk K, Daiss J, Halpern J, Roth TF (1985). Quantitation 
of maternal-fetal IgG transport in the chicken. Immunology. 
54:755–762.

•	Lee S, Lee DK (2018). What is the proper way to apply the 
multiple comparison test?. Korean J. Anesthesiol. 71(5), 
353–360. doi: https://doi.org/10.4097/kja.d.18.00242

•	Maiti NK, Sarkar P (1997). Humoral immune response of 
chicks to different clinical isolates of avian adenovirus type-
1. Comp. Immunol. Microbiol. Infect. Dis. 1997;20: 59–62. 
doi: https://doi.org/10.1016/S0147-9571(96)00027-6

•	Mansoor MK, Hussain I, Arshad M, Muhammad G (2011). 
Preparation and evaluation of chicken embryo-adapted 
fowl adenovirus serotype 4 vaccine in broiler chickens. 
Trop. Anim. Health Prod. 43: 331-338. doi: https://doi.
org/10.1007/s11250-010-9694-z.

•	Meulemans G, Couvreur B, Decaesstecker M, Boschmans M, 
Berg TP (2004). Phylogenetic analysis of fowl adenovirus. 
Avian Pathol. 33(2):164-170. doi: https://doi.org/10.1080/
03079450310001652086.

•	Muir WI, Bryden WL Husband AJ (2000). Immunity, 
vaccination and the avian intestinal tract. Dev Comp 
Immunol. 24: 325-342. doi:http://dx.doi.org/10.1016/
S0145-305X(99)00081-6

•	Muir WI, Bryden WL, Husband AJ (1995). Intraperitoneal 
immunization promotes local intestinal immunity in 
chickens. Avian Pathol. 24(4): 679-92. https://doi.
org/10.1080/03079459508419107. 

•	Norina L, Norsharina A, Nurnadiah AH, Redzuan I, Ardy A, 
Nor-Ismaliza A (2016). Avian adenovirus isolated from 
broiler affected with inclusion body hepatitis. Malays J. Vet. 
Res. 7(2): 121-126.

•	Norfitriah MS, Hair-Bejo M, Omar AR, Aini I, Nurulfiza 
MI (2018). Molecular detection and pathogenicity of fowl 
adenovirus isolated from disease outbreak in commercial 
layer chickens. Int. J. Agric. Sci. Vet. Med. 6(1): 73-84.

•	Okuda Y, Ono M, Shibata I, Sato S, Akashi H (2006). 
Comparison of the polymerase chain reaction-restriction 
fragment length polymorphism pattern of the fiber gene 
and pathogenicity of serotype-1 fowl adenovirus isolates 
from gizzard erosions and from feces of clinically healthy 
chickens in Japan. J. Vet. Diagn. Investig. 18:162–167. doi: 
https://doi.org/10.1177/104063870601800204

•	Okuda Y, Ono M, Shibata I, Sato S (2004). Pathogenicity of 
serotype 8 fowl adenovirus isolated from gizzard erosions of 
slaughtered broiler chickens. J. Vet. Med. Sci. 66(12): 1561-
1566. doi:https://doi.org/10.1292/jvms.66.1561

•	Pan Q, Liu L, Gao Y, Liu C, Qi X, Zhang Y, Wang Y, Li K, 
Gao L, Wang X, Chui H (2017). Characterization of a 
hypervirulent fowl adenovirus 4 with the novel genotype 
newly prevalent in China and establishment of reproduction 
infection model of hydropericardium syndrome in chickens. 
Poult. Sci. 96(6):1581–8. doi:https://doi.org/10.3382/ps/

pew431 
•	Reed LJ, Muench H (1938). A simple method of estimating 

fifty per cent endpoints. Am. J. Hyg. 27: 493-497.
•	Ren G, Wang H, Yan Y, Liu F, Huang M, Chen R (2019). 

Pathogenicity of  a fowl adenovirus serotype 4 isolated 
from chickens associated with hydropericardium-hepatitis 
syndrome in China. Poult. Sci. 98: 2765-2771. https://doi.
org/10.3382/ps/pez042

•	Saifuddin M, Wilks C (1990). Reproduction of inclusion body 
hepatitis in conventionally raised chickens inoculated with a 
New Zealand isolate of avian adenovirus. N Z. Vet. J. 38(2): 
62-65. doi: https://doi.org/10.1080/00480169.1990.35618

•	Schachner A, Matos M, Grafl B, Hess M (2017). Fowl 
adenovirus-induced diseases and strategies for their control 
– a review on the current global situation. Avian Pathol. 
47(2): 111-126. 

•	Schonewille E, Jaspers R, Paul G, Hess M (2010). Specific 
pathogen free chickens vaccinated with a live FAdV-4 
vaccine are fully protected against a severe challenge even in 
the absence of neutralizing antibodies. Avian Dis. 54(2):905-
910. https://doi.org/10.1637/8999-072309-Reg.1.

•	Shah MS, Ashraf A, Khan MI, Rahman M, Habib M, 
Chughtai MI, Qureshi JA (2017). Fowl adenovirus: history, 
emergence, biology and development of a vaccine against 
hydropericardium syndrome. Arch. Virol. 162(7):1833–43. 
doi: https://doi.org/10.1007/s00705-017-3313-5

•	Sohaimi NM, Bejo MH, Omar AR, Ideris A, Isa NM (2019). 
Molecular characterisation of fowl adenovirus isolate of 
Malaysia attenuated in chicken embryo liver cells and its 
pathogenicity and immunogenicity in chickens. PLoS One. 
14(12): e0225863. doi: https://doi.org/10.1371/journal.
pone.0225863

•	Sohaimi NM, Bejo MH, Omar AR, Ideris A, Isa NM (2018). 
Hexon and fiber gene changes in an attenuated fowl 
adenovirus isolate from Malaysia in embryonated chicken 
eggs and its infectivity in chickens. J. Vet. Sci. 19(6): 759-
770. https://doi.org/10.4142/jvs.2018.19.6.759

•	Steer PA, O’Rourke D. Ghorashi SA,  Noormohammadi 
AH (2011). Application of high-resolution melting curve 
analysis for typing of fowl adenoviruses in field cases of 
inclusion body hepatitis. Australian Vet. J. 89: 184–192.
https://doi.org/10.1111/j.1751-0813.2011.00695.x.

•	Tomita K, Sakurai F, Iizuka S, Hemmi M, Wakabayashi K, 
Machitani M, Tachibana M, Katayama K, Kamada H, 
Mizuguchi H (2018). Antibodies against adenovirus 
fiber and penton base proteins inhibit adenovirus vector-
mediated transduction in the liver following systemic 
administration.  Sci. Rep. 8:12315. doi: https://doi.
org/10.1038/s41598-018-30947-z

•	Varghese R, Mikyas Y, Stewart PL, Ralston R (2004). Postentry 
neutralization of adenovirus type 5 by an antihexon antibody. 
J. Virol. 78(22):12320‐12332. doi:https://doi.org/10.1128/
JVI.78.22.12320-12332.2004

•	Wang K, Sun H, Li Y, Yang Z, Ye J, Chen H (2019). 
Characterization and pathogenicity of fowl adenovirus 
serotype 4 isolated from eastern China.  BMC Vet. Res. 
15:373. doi: https://doi.org/10.1186/s12917-019-2092-5

•	Zhang Y, Liu R, Tian K, Wang Z, Yang X, Gao D, Zhang Y, 
Fu J, Wang H, Zhao J (2018). Fiber2 and hexon genes are 
closely associated with the virulence of the emerging and 
highly pathogenic fowl adenovirus 4.  Emerg. Microbes 
Infect. 7:199. doi: https://doi.org/10.1038/s41426-018-
0203-1

https://doi.org/10.1016/j.vetmic.2013.09.025 
https://doi.org/10.4097/kja.d.18.00242 
https://doi.org/10.1016/S0147-9571(96)00027-6 
https://doi.org/10.1007/s11250-010-9694-z 
https://doi.org/10.1007/s11250-010-9694-z 
https://doi.org/10.1080/03079450310001652086 
https://doi.org/10.1080/03079450310001652086 
https://doi.org/10.1080/03079459508419107
https://doi.org/10.1080/03079459508419107
https://doi.org/10.1177/104063870601800204
https://doi.org/10.1292/jvms.66.1561 
https://doi.org/10.3382/ps/pew431� 
https://doi.org/10.3382/ps/pew431� 
https://doi.org/10.3382/ps/pez042 
https://doi.org/10.3382/ps/pez042 
https://doi.org/10.1080/00480169.1990.35618 
https://doi.org/10.1637/8999-072309-Reg.1 
https://doi.org/10.1007/s00705-017-3313-5
https://doi.org/10.1007/s00705-017-3313-5
https://doi.org/10.1371/journal.pone.0225863 
https://doi.org/10.1371/journal.pone.0225863 
https://doi.org/ 
https://dx.doi.org/10.4142%2Fjvs.2018.19.6.759
https://doi.org/10.1111/j.1751-0813.2011.00695.x
https://doi.org/10.1038/s41598-018-30947-z 
https://doi.org/10.1038/s41598-018-30947-z 
https://dx.doi.org/10.1128%2FJVI.78.22.12320-12332.2004
https://dx.doi.org/10.1128%2FJVI.78.22.12320-12332.2004
https://doi.org/10.1186/s12917-019-2092-5 
https://doi.org/10.1038/s41426-018-0203-1
https://doi.org/10.1038/s41426-018-0203-1

