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Fowl adenovirus (FAdV) infection is one of the major threats among viral diseases in 
poultry industry worldwide. The disease caused severe economic losses due to high 

mortality and poor production. Malaysian`s FAdV isolate are highly pathogenic in 

chickens and has been identified as primary pathogen of inclusion body hepatitis (IBH) 

and gizzard erosion. It is indeed an urgent need to develop FAdV vaccines to prevent 

and control FAdV infection. It was objective of the study to develop live attenuated 

FAdV isolate of Malaysia for future production of vaccine against the disease. 

 

  

FAdV isolate (UPM1137) was obtained from liver sample of chickens during outbreak 

of IBH and gizzard erosion. The isolate was successfully isolated and identified in 

specific pathogen free (SPF) embryonated chicken eggs and Vero cells. Thickening and 

cloudy of chorioallantoic membrane (CAM) with pale, petechial haemorrhages and 
multifocal area of necrosis of the liver and hydropericardium of embryo were recorded 

at day 9 post-inoculation (pi). The cytopathic effect (CPE) in Vero cells revealed 

cytoplasmic extensions and formation of plaque at day 6pi. It was confirmed that the 

isolate belong to FAdV by PCR with expected PCR size product and through sequence 

analysis. Partial hexon gene region with 1166 base pair (bp) of nucleotide (nt) sequence 

from SPF embryos and Vero cells samples were assigned with Genbank accession 

number, KF866370 (UPM1137E2) and KF866371 (UPM1137V1), respectively. For 

fiber gene, 1094bp of nucleotide sequence were deposited into GenBank with 

accession number KY305950 (UPM1137E2) and KY364903 (UPM1137V1). The 

isolate is highly related to group E species under serotype 8b.  

 
 

The isolate is highly pathogenic in SPF embryonated chicken eggs with 100% 

mortality and typical gross and histological lesions associated with FAdV. The 

embryonic mortality pattern was delayed from 17th consecutive passages (E17) to E20. 

This is consistent with the molecular changes in both L1 loop and knob regions of the 

nucleotide bases and amino acid in hexon and fiber gene and may indicate virus 
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attenuation. Molecular changes were also prominent at 5th consecutive passages of the 

virus in Vero cells (V5). However, the FAdV isolate was highly susceptible to be 

adapted and attenuated in primary chicken embryo liver (CEL) cells. Early CPE was 

observed at 2nd consecutive passages (CEL2) to CEL19 within 24 to 48 hours post 

inoculation (pi) in the form of cells rounding, refractile and clumping. The CPE 

formation was delayed from CEL20 to CEL35 within 48 to 72 hours pi. Nucleotide 

sequences of hexon and fiber gene from all propagated isolates were deposited to 

GenBank and assigned with the accession numbers KY305943 to KY305949 (hexon) 

and KY305951 to KY305957 (fiber). Molecular changes in L1 loop of hexon gene are 

minimal in nucleotide bases of CEL5 to CEL20 without caused any amino acid 

changes. All changes mainly occur in other part of hexon gene. However, changes 
noticeable from CEL25 to CEL35 propagated FAdV isolates. Sequence analysis in 

fiber gene revealed both nucleotide and amino acid changes in knob region are 

prominent at high passage level from CEL20 to CEL35. It was demonstrated that the 

marker gene for adaptation in CEL cells and SPF embryonated chicken eggs were 

identified in nucleotide of L1 loop hexon gene at position 90(T-C) and in knob of fiber 

gene at both nucleotide and amino acid at position 1078(G-C) and 360(A-P), 

respectively. Additionally, the marker gene for attenuation in CEL cells was detected in 

knob region of fiber gene at position 1062(A-C). Sequence analysis of hexon and fiber 

gene product of all the samples either from the SPF eggs, Vero cells or CEL cells 

passages revealed 1166bp and 1094bp, respectively belongs to FAdV group E serotype 

8b. Phylogenetic tree constructions revealed that isolates were clustered and closed to 
each other. 

 

 

The pathogenicity, immunogenicity and efficacy of an attenuated FAdV isolate CEL35 

(106.7TCID50/ml) was determined in 1-day-old SPF chickens via oral (0.1ml) and 

subcutaneous (SQ) (0.1ml) route of inoculation. On day 14 post-inoculation (pi), 

chickens in challenged groups were inoculated with 0.2ml pathogenic FAdV isolate, 

UPM11134 (108.3TCID50/ml) via intraperitoneal (IP) route. The study shown that the 

attenuated FAdV isolate is non-pathogenic and safe in SPF chickens without exhibit 

clinical signs associated with FAdV infection throughout the trial. The FAdV 

inoculated chickens in challenged group were normal without exhibit abnormal clinical 

signs, gross and histological lesions. However, chickens in non-inoculated group 
showed clinical signs of weakness, depression and recumbency at day 4 post-challenge 

(pc) prior recovery on day 8pc. The body weight was significantly lower (p<0.05) and 

the liver was pale at 14 day pc as compared to non-challenged group. FAdV antibody 

titer was not detected in control group throughout the trial. In group of chicken 

inoculated via SQ route, the antibody titer was 648 ± 188 and 324 ± 85 at day 14 and 

28pi, respectively. The antibody titer in chicken inoculated via oral route was 316 ± 

118 and 163 ± 17 at day 14 and 28pi, respectively, was not significantly difference 

(p>0.05) when compared to the SQ and control groups. In challenged groups, the 

antibody titer was significantly increased (p<0.05) mainly in control (6276 ± 1983) and 

oral (5496 ± 1688) groups with exception in SQ (3895 ± 1858) group at day 14pc. It 

was demonstrated that attenuated FAdV is safe, non-pathogenic, immunogenic and 
able to protect chickens from FAdV infection. The subcutaneous is an effective route 

of inoculation as compared to oral route. 

 

 

The pathogenicity and immunogenicity of FAdV attenuated in CEL cells, CEL35 

(106.7TCID50/ml), and in SPF embryonated chicken eggs, E20 (108.7TCID50/ml) were 
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determined in 1-day-old commercial broiler chickens via oral (0.5ml) or intraperitoneal 

(IP) (0.5ml) route. The study revealed that the attenuated isolates were non-pathogenic 

in commercial broiler chickens. Neither clinical signs nor gross and histological lesions 

in the liver was recorded in all groups of chicken throughout 21 days trial. The mean 

body weight of chickens was significantly low (p<0.05) in inoculated groups as 

compared to control group at days 7 and 14pi in both routes of inoculation. At day 

21pi, body weight in inoculated chickens was significantly high (p<0.05) as compared 

to control group. The FAdV antibody titer was high in day old chicks due to presence 

of maternal derived antibody (MDA) and was significantly declined (p<0.05) from day 

0 (7795 ± 1414) to day 21pi (69 ± 34). The FAdV inoculated chickens using CEL35 

attenuated isolate revealed oral (3985 ± 776) and IP (3734 ± 809) route had identical 
pattern of antibody titer and were not significant difference (p>0.05) between route of 

inoculation throughout the trial. Similarly, in chickens inoculated with E20 FAdV, the 

antibody titer in oral (4119 ± 792) and IP (4598 ± 871) group were equally distributed 

among the routes. There were no differences in antibody titer between attenuated 

isolates either through oral or IP routes (p>0.05). However, FAdV inoculated chickens 

with CEL35 (2348 ± 1800) and E20 (1833 ± 792) attenuated isolates via IP route have 

high antibody titer significantly (p<0.05) compared to control group (69 ± 34) at day 

21pi. It was concluded that the attenuated FAdV isolate are non-pathogenic and 

immunogenic in commercial broiler chickens. The attenuated FAdV isolate in CEL 

cells and SPF embryonated chicken eggs induced similar antibody response either 

through oral or IP routes.  
 

 

It was concluded that FAdV is highly susceptible in SPF embryonated chicken eggs 

and primary CEL cells rather than in Vero cells with nucleotide and amino acid 

changes in hexon at L1 loop region and in fiber gene at knob region. The attenuated 

isolates are non-pathogenic in SPF and commercial broiler chickens with capability to 

induce FAdV antibody. It appears that parenteral route is an effective route of FAdV 

inoculation when compared to the oral route and the attenuated isolates are suitable to 

be used for future development of FAdV vaccine against the disease.  
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PEMBANGUNAN VIRUS ADENO UNGGAS ISOLAT MALAYSIA HIDUP 

YANG DILEMAHKAN UNTUK PRODUKSI VAKSIN  

Oleh 

NORFITRIAH BT MOHAMED SOHAIMI 

November 2017 

Pengerusi: Profesor Mohd Hair Bin Bejo, PhD 

Fakulti: PerubatanVeterinar 

Infeksi virus adeno unggas (FAdV) adalah satu ancaman besar di kalangan penyakit 
virus dalam industri ternakan poultri di seluruh dunia. Penyakit ini menyebabkan 

kerugian ekonomi yang besar kerana kematian yang tinggi dan kejatuhan pengeluaran. 

FAdV isolat Malaysia sangat patogenik pada ayam dan telah dikenal pasti sebagai 

patogen utama `Inclusion body hepatitis (IBH)` dan `gizzard erosion`. Ia sememangnya 

merupakan keperluan mendesak untuk membangunkan vaksin FAdV untuk mencegah 

dan mengawal jangkitan FAdV. Adalah menjadi objektif bagi kajian ini untuk 

membangunkan FAdV isolat Malaysia hidup yang dilemahkan untuk produksi vaksin 

masa depan terhadap penyakit ini. 

FAdV isolat Malaysia (UPM1137) telah diperolehi dari sampel hati ayam semasa 

wabak IBH dan gizzard erosion. Isolat tersebut telah berjaya dipencilkan dan dikenal 
pasti dalam telur ayam berembrio bebas patogen khusus (SPF) dan sel Vero. Penebalan 

dan kekelaman pada membran korioalantoik dengan hati yang pucat, pendarahan 

berbintik dan nekrosis multifokal disertai dengan hidroperikardium dalam embrio telah 

dicatatkan pada hari ke-9 pasca-infeksi (pi). Kesan sitopatik (CPE) dalam sel Vero 

menunjukkan penyambungan sitoplasma dan pembentukan plak pada hari ke-6pi. Isolat 

telah disahkan sebagai FAdV melalui PCR dengan saiz PCR produk dalam jangkaan 

dan juga melalui analisis jujukan. Sebahagian gen hexon dengan 1166 pasangan bes 

(bp) pada jujukan nukleotida dari sampel embrio SPF dan sel Vero masing-masing 

diberikan nombor akses GenBank, KF866370 (UPM1137E2) dan KF866371 

(UPM1137V1). Bagi gen fiber, 1094bp pada jujukan nukleotida telah dimasukkan ke 

GenBank dengan nombor akses KY305950 (UPM1137E2) dan KY364903 
(UPM1137V1). Isolat FAdV ini sangat berkait rapat dengan spesies kumpulan E di 

bawah serotip 8b.  

Isolat ini sangat patogenik dalam telur ayam berembrio SPF dengan 100% kematian 

dan tipikal lesi mata kasar dan histologi berkaitan dengan FAdV. Corak kematian 
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embrionik mengalami kelewatan dari passage konsekutif ke-17 (E17) hingga ke E20. Ia 

konsisten dengan perubahan molekular di kedua-dua bahagian `loop L1` dan knob 

daripada bes nukleotida dan asid amino dalam gen hexon dan fiber dan mungkin 

menandakan pelemahan virus. Perubahan molekular juga ketara pada virus di passage 

konsekutif yg ke-5 dalam sel Vero (V5). Walaubagaimanapun, isolat FAdV sangat 

sensitif untuk disesuaikan dan dilemahkan di dalam sel primer hati embrio ayam 

(CEL). CPE awal telah dicatatkan pada konsekutif passage yang ke-2 (CEL2) hingga 

ke CEL19 dalam masa 24 hingga 48 jam pi dalam bentuk sel yang membulat, bersinar 

dan berkumpul-kumpul. Pembentukan CPE mengalami kelewatan dari CEL20 ke 

CEL35 dalam masa 48 hingga 72 jam pi.  Jujukan nukleotida pada gen hexon dan fiber 

daripada kesemua isolat yang dibiakkan berulang-kali telah dimasukkan ke GenBank 
dan diberikan nombor akses KY305943 hingga KY305949 (hexon) dan KY305951 

hingga KY305957 (fiber). Perubahan molekular pada `loop L1` dalam gen hexon 

adalah minimum dalam jujukan nukleotida bes dari CEL5 ke CEL20 tanpa sebarang 

perubahan pada asid amino. Kesemua perubahan berlaku kebanyakannya di kawasan 

gen hexon yang lain. Namun, perubahan ketara pada isolat FAdV yang dibiakkan 

berulang kali daripada CEL25 hingga ke CEL35. Analysis jujukan dalam gen fiber 

mendapati kedua-dua perubahan pada nukleotida dan asid amino di bahagian knob 

ketara pada passage yang tinggi dari CEL20 hingga ke CEL35. Kajian ini menunjukkan 

bahawa gen penanda untuk penyesuaian di dalam sel CEL and telur ayam berembrio 

SPF telah dikenalpasti pada nukleotida gen hexon `loop L1` di posisi 90(T-C) dan pada 

gen fiber di bahagian knob di kedua-dua nukleotida dan asid amino masing-masing di 
posisi 1078(G-C) dan 360(A-P). Di samping itu, gen penanda untuk pelemahan di 

dalam sel CEL telah dikesan pada bahagian knob di gen fiber di posisi 1062(A-C). 

Analysis jujukan bagi produk gen hexon dan fiber daripada kesemua sampel sama ada 

dari telur SPF, sel Vero dan sel CEL mendapati 1166bp dan 1094bp masing-masing 

tergolong dalam kumpulan E FAdV serotip 8b. Pembinaan pokok filogenetik 

menunjukkan kesemua isolat dikumpulkan dan saling berkait rapat antara satu sama 

lain.  

 

 

Patogenisiti, imunogenisiti dan efikasi isolat FAdV CEL35 (106.7TCID50/ml) yang 

dilemahkan telah ditentukan di dalam ayam SPF berumur satu hari melalui laluan 

inokulasi oral (0.1ml) dan subkutaneus (SQ) (0.1ml). Pada hari ke-14pi, ayam dalam 
kumpulan dicabar telah disuntik dengan 0.2ml isolat FAdV yang patogenik, 

UPM11134(108.3TCID50/ml) melalui laluan intraperitoneal (IP). Kajian ini 

menunjukkan isolat FAdV yang dilemahkan tidak patogenik dan selamat di dalam 

ayam SPF tanpa menunjukkan tanda-tanda klinikal berkaitan dengan infeksi FAdV 

sepanjang tempoh ujikaji. Ayam yang telah diinokulat dengan FAdV dalam kumpulan 

dicabar adalah normal tanpa menunjukkan tanda-tanda klinikal dan lesi mata kasar dan 

histologi. Walaubagaimanapun, bagi ayam dalam kumpulan kawalan yang tidak 

diinokulat menunjukkan tanda-tanda lemah, murung dan terbaring pada hari ke-4 pasca 

dicabar (pc) sebelum pulih pada hari ke-8pc. Berat badan ayam adalah signifikan 

rendah (p<0.05) dan hati yang pucat pada hari ke-14pc berbanding dengan kumpulan 

ayam yang tidak dicabar. Titer antibodi FAdV tidak dikesan dalam kumpulan kawalan 
sepanjang ujikaji. Dalam kumpulan ayam yang diinokulat melalui SQ, titer antibodi 

adalah 648 ± 188 dan 324 ± 85 masing-masing pada hari yang ke-14 dan 28pi. Titer 

antibodi dalam ayam yang diinokulat melalui oral adalah 316 ± 118 dan 163 ± 17 

masing-masing pada hari yang ke-14 dan 28pi dan tidak berubah secara signifikan 

(p>0.05) apabila dibandingkan dengan kumpulan kawalan dan kumpulan SQ. Dalam 

kumpulan dicabar, titer antibodi meningkat secara signifikan terutama dalam kumpulan 
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kawalan (6276 ± 1983) dan oral (5496 ± 1688) kecuali kumpulan SQ (3895 ± 1858) 

pada hari ke-14pc. Kajian ini telah menunjukkan bahawa isolat FAdV yang dilemahkan 

adalah selamat, tidak patogenik, imunogenik dan berkebolehan melindungi ayam dari 

infeksi FAdV. Inokulasi laluan subkutaneus adalah efektif berbanding dengan laluan 

oral. 

 

 

Patogenisiti dan imunogenisiti FAdV yang dilemahkan dalam sel CEL iaitu CEL35 

(106.7TCID50/ml) dan di dalam telur ayam berembrio SPF, E20 (108.7TCID50/ml) telah 

ditentukan dalam ayam pedaging komersial berumur satu hari melalui laluan oral 

(0.5ml) dan intraperitoneal (IP) (0.5ml). Kajian menunjukkan bahawa isolat yang 
dilemahkan tidak patogenik dalam ayam pedaging komersial. Tiada tanda-tanda 

klinikal dan juga lesi mata kasar dan histologi pada hati yang direkodkan pada kesemua 

kumpulan ayam sepanjang ujikaji selama 21 hari. Purata bagi berat badan ayam adalah 

signifikan rendah (p<0.05) dalam kumpulan yang diinokulat berbanding dengan 

kumpulan kawalan pada hari ke-7 dan 14pi bagi kedua-dua laluan inokulasi. Pada hari 

ke-21pi, berat badan ayam yang diinokulat adalah signifikan tinggi (p<0.05) 

berbanding dengan kumpulan kawalan. Titer antibodi FAdV adalah tinggi dalam anak 

ayam umur sehari kerana kehadiran `maternal derived antibody (MDA)` dan menurun 

secara signifikan (p<0.05) dari hari 0 (7795 ± 1414) ke hari 21 pi (69 ± 34). Ayam 

yang diinokulat menggunakan isolat yang dilemahkan daripada CEL35 menunjukkan 

laluan oral (3985 ± 776) dan IP (3734 ± 809) mempunyai corak titer antibodi yang 
sama dan tiada perbezaan secara signifikan (p>0.05) di antara laluan inokulasi 

sepanjang ujikaji. Seperti juga ayam yang diinokulat dengan E20 FAdV, titer antibodi 

bagi kumpulan oral (4119 ± 792) dan IP (4598 ± 871) adalah sama rata di kalangan 

laluan. Tiada perbezaan pada titer antibodi di antara isolat yang dilemahkan sama ada 

melalui laluan oral atau IP (p>0.05). Namun, ayam yang diinokulat dengan isolat 

FAdV yang lemah CEL35 (2348 ± 1800) dan E20 (1833 ± 792) melalui laluan IP 

mempunyai titer antibody yang tinggi secara signifikan (p<0.05) berbanding dengan 

kumpulan kawalan (69 ± 34) pada hari ke-21pi. Kajian ini dapat disimpulkan bahawa 

isolat FAdV yang dilemahkan tidak patogenik dan imunogenik dalam ayam pedaging 

komersial. Isolat FAdV yang dilemahkan dalam sel CEL dan telur ayam berembrio 

SPF merangsang tindak balas antibodi yang serupa sama ada melalui laluan oral atau 

IP. 
 

 

Ini dapat disimpulkan bahawa FAdV sangat sensitif dalam telur ayam berembrio SPF 

dan sel primer CEL daripada sel Vero dengan perubahan nukleotida dan asid amino 

pada bahagian `loop L1` dalam hexon dan pada knob dalam gen fiber. Isolat yang 

dilemahkan tidak patogenik dalam ayam SPF dan ayam pedaging komersial dengan 

kebolehan merangsang antibodi FAdV. Ia menunjukkan bahawa laluan parenteral 

adalah laluan inokulasi FAdV yang efektif berbanding dengan laluan oral, dan isolat 

yang lemah ini sesuai untuk digunakan dalam pembangunan vaksin FAdV masa 

hadapan terhadap penyakit ini.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Avian viruses are the major threat in poultry production which may affect the growth 

of industry either in local or worldwide. Fowl adenoviruses (FAdVs) has been 

recognized as causative agent of inclusion body hepatitis (IBH) (Morshed et al., 2017; 

Oliver-Ferrando et al., 2017), hydropericardium syndrome (HPS) (Mettifogo et al., 

20147) and gizzard erosion (Domanska-Blicharz, 2011) diseases which affect broilers 
and layer production in affected farm. The agent was isolated in various geographical 

regions with different serotype and strains (Steer et al., 2011; Niczyporuk, 2017; Gawel 

et al., 2016). 

 

 

FAdV is double stranded DNA virus with non-enveloped structure comprised of three 

major structural proteins known as hexon, penton and fiber involved in viral replication 

in host cells. Antigenic determinants for FAdV located in hexon and fiber proteins 

contain high amino acid variability between serotype and genotype for FAdV 

classification (Hess et al., 1998; Meulemans et al., 2001a). To date, both proteins are 

highly associated with virus infectivity and frequently used for analysis to distinguish 
between pathogenic and non-pathogenic strain previously (Pallister et al., 1996, Grgić 

et al., 2014a). Epidemiological studies by few researchers revealed that the disease 

associated with FAdV typically IBH and HPS were kept increased recently with major 

economic losses due to poor production in infected farms (Zhang et al., 2016; 

Balamurugan and Kataria, 2004; Hess et al., 1999). In some part of the world, various 

FAdV serotypes have been isolated from broiler and layer chickens involving serotype 

1, 8b and 11(Choi et al., 2012; Kajan et al., 2013). 

 

 

In year 2005, IBH disease was first reported in Malaysia by Hair-Bejo (2005) in 

commercial broiler flocks caused high significant impact on economic due to poor 

performance and productivity. Since then, IBH outbreak continuously reported in 
several states involving major poultry producing area and molecularly characterised as 

FAdV serotype 8b (Juliana et al., 2014; Norina et al., 2016). IBH is an acute infectious 

disease of young broiler chickens of 3 to 7 weeks of age with sudden onset of increased 

mortality between 2 to 10% and can be great as 30%. The disease transmitted either by 

vertically through embryonated chicken eggs or horizontally via faecal-oral route, 

direct contact and fomites (Grgić et al., 2006; Hafez, 2011).  

 

 

IBH was confirmed as primary disease caused by high pathogenic FAdV as 

demonstrated in experimental induced in chickens without prior immunosuppression 

(Gomis et al., 2006; Christensen and Saifuddin, 1989). Recently, in Malaysia, FAdV 
from serotype 8b has been reported as primary agent of IBH with high mortality in 

specific pathogen free (SPF) chickens and severe lesions in liver with pale, swollen and 

yellowish discoloration. Numerous basophilic intranuclear inclusion bodies were 

detected histologically in liver of dead chickens (Majdi, 2015). 

 

 

http://www.tandfonline.com/author/Oliver-Ferrando%2C+S
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Vaccination against FAdV is the only effective control measures preventing IBH 

outbreak in various regions (Ali et al., 2015; Kim et al., 2014, Mansoor et al., 2011). It 

seems that application of live attenuated FAdV vaccine is superior than inactivated 

vaccine due to high protection rate in vaccinated chickens with long lasting immunity 

(Mansoor et al., 2011; Kaur et al., 1997).  

 

 

To develop vaccine candidate, attenuation of FAdV isolate from field strain was 

attempted in suitable cell cultures or chicken embryos by serial passages to reduced 

virus virulence with molecular changes in major capsid protein encoded for virus 

infectivity. As a result, the strain has been attenuated and safe to be used as vaccine 
candidate in chicken with high antibody response against the challenge FAdV (Ali et 

al., 2015; WO2003039593A1, 2003). 

 

 

Primary chicken embryo liver (CEL) cells and chicken kidney (CK) cells are the most 

sensitive medium for FAdV replication and propagation (Soumyalekshmi et al., 2014; 

McFerran, 1998). Cytopathic effect is indicator of viral replication in host cells and 

typically in the form of cells rounding and clumping for FAdV (Barua and Rai, 2003). 

However, some continuous cell lines also provide better medium for FAdV 

propagation and attenuation such as QT35 quail fibroblast cell line, chicken hepatoma 

cells and Vero cell which depending much on FAdV strain and virus virulence 
(WO2003039593A1, 2003; Alexandera et al., 1998; Ali et al., 2015). 

 

 

Since FAdV is highly pathogenic in Malaysia as demonstrated by previous study, it 

reflects the importance of vaccine to control the disease outbreak (Majdi, 2015). In 

addition, the number of clinical IBH and gizzard erosion diseases was increased lately 

due to unavailable vaccine against the FAdV (Norina et al., 2016). Although several 

preventive measures have been implemented to prevent immunosuppression, however, 

the cases of IBH were kept increased mostly in commercial broiler flocks. Thus, it is 

urgently need a vaccine to prevent and control the disease.  

 

 
Development of live attenuated isolate has been major focus of attempt since the 

vaccine is highly protective against the field FAdV strain than inactivated vaccine 

(Mansoor et al., 2011). Production of safe and efficacious vaccine should be obtained 

through continuous passages in cell culture or SPF embryonated chicken eggs. 

However, there is lack of study regarding the influence of attenuation process at high 

consecutive passages towards molecular changes in major capsid protein. In previous 

study, the changes at nucleotide and amino acid undetermined specifically in hexon and 

fiber gene which might influence the virulence of FAdV following adaptation and 

attenuation in alternative host (Mansoor et al., 2011; Schonewille et al., 2010). 

Therefore, determination of molecular changes in both proteins is crucial and will 

support the evidence of virus attenuation after high consecutive passages.  
 

 

To estimate the influence of molecular changes towards pathogenicity and 

immunogenicity, experimental trial is definitely important to confirm the attenuation of 

isolate. Although the isolate remained in same serotype after serial propagation, 

however, the pathogenicity will be differed as compared to unattenuated strain in both 
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SPF and commercial broiler chickens. To convince that the isolate is attenuated and 

immunogenic, in-vivo study in SPF chickens is crucial to ensure that the vaccinated 

chicken is safe from IBH disease but able to induce antibody response. In addition, to 

evaluate the effectiveness of the attenuated isolate as vaccine, efficacy study using 

challenge FAdV strain is necessary. 

 

 

The hypothesis of the study was Malaysian FAdV isolate, UPM1137, is able to adapt, 

propagate and attenuate in SPF embryonated chicken eggs and cell cultures. High 

consecutive passages of the FAdV isolate in SPF embryonated chicken eggs and 

primary chicken embryo liver (CEL) cells could lead to molecular changes in hexon 
and fiber genes at both nucleotide and amino acid sequences. The attenuated FAdV 

isolate from primary CEL cells is non-pathogenic but immunogenic in chickens and 

able to provide protection against the FAdV infection. Thus, the attenuated FAdV 

isolate is highly potential to be used as master seed for future production of live 

attenuated FAdV cell culture based vaccine.  

 

 

Therefore the objectives of this study were: 

 

1. to isolate, identify and characterize FAdV isolate obtained from field outbreak 

of the IBH disease in Malaysia. 
2. to adapt and determine the pathogenicity and molecular characteristics of the 

FAdV isolate in primary chicken embryo liver (CEL) cells, Vero cells and 

SPF embryonated chicken eggs. 

3. to determine the pathogenicity, immunogenicity and efficacy of the attenuated 

FAdV isolate from CEL cells (UPM1137CEL35) in SPF chickens. 

4. to determine pathogenicity and immunogenicity of the attenuated FAdV 

isolate from CEL cells (UPM1137CEL35) and SPF embryonated chicken eggs 

(UPM1137E20)  in commercial broiler chickens. 
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