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Newcastle disease (ND) is regarded as one of the most significant viral diseases in the
poultry industry and perhaps it presents the larger drainage to the world economy when
it is compared to various other animal viruses. The main antigens are the F and HN
genes. Infectious bursal disease (IBD) remains a constant intimidation to the world
poultry industry. In addition to the high mortalities of very virulent IBD, the most
important is the immuno-suppression that it causes. VP2 is the major antigen.
Although, attenuated live vaccines and inactivated vaccines have been used in the field
since the last century to control these diseases, the need for more safe and more
efficacious vaccines is still required.

This study was undertaken to develop phage-display and bacteriophage-mediated
vaccines against both Newcastle disease and infectious bursal disease based on F and
VP2 protein sequences.

The study hypothesis is that Phage-display vaccines and bacteriophage-mediated
vaccines are able to induce protective immune response in vaccinated chickens.

Bacteriophage (phage)-display (PD) and bacteriophage-mediated (BM) immunization
are novel vaccines delivery technology. In PD vaccine the inserted gene is displayed as
a protein on the surface of the phage. While in BM vaccine the phage act as gene
transfer vector. They have many advantages over the conventional vaccines. The first
approach was the construction of the vaccines. PD vaccines were constructed using
VP2 of wiIBD (UPMO0081) as (pha.Dis-VP2) and F for ND genotype VII (IBS002) as
(pha.Dis-F) consequently. BM vaccines were constructed using VP2 of vvIBD



(UPMO0081) as (pha.Med-VP2) and F for ND genotype VII (IBS002) as (pha.Med-F)
subsequently.

After sequencing and conformation of the vaccines, their functionality was assessed
through Western blotting. The results of the Western blot indicate that the antigens in
the PD and BM vaccines were successfully expressed in the hd11 cell line.

In the first chicken trial, the pha.Dis-VP2 vaccine was administered via three different
delivery routes (orally, subcutaneously and subcutaneously-in oil) into specific
pathogen-free (SPF) chickens groups. The vaccination program consisted of two
vaccinations with three weeks apart to stimulate the immune response. After each
vaccination blood withdrawal from the wing vein was performed to detect the immune
respond translated as antibodies titer. The same procedure was accomplished for the
pha.Dis-F vaccine were it was administered orally, subcutaneously and
subcutaneously-in oil. Three weeks post booster vaccination the challenge was carried
out using wiIBDV for the pha.Dis-VP2 vaccinated groups, and vwNDV for the
pha.Dis-F groups.

The results of this trial revealed, for the first time, that pha.Dis-VP2 vaccine
administered orally provides the best protection (93.34%) for the vaccinated chickens
against the challenge with the wiIDBYV, while the protection of the subcutaneous and
subcutaneous-in oil adjuvant vaccination was (80%) and (66.67%) respectively. The
detected antibodies titer was significantly higher (p< 0.01) in the oral vaccinated group,
using a VP2-based ELISA Kkit, followed by the subcutaneous and subcutaneous-in oil
adjuvant vaccinated groups consequently. The results of the bursal/body weight ratio
for the vaccinated chickens indicates that the vaccine in the oral group have no
detrimental effects on the bursae and that the vaccine successfully protected the bursae
from the challenge impact. The histopathological assessment revealed similar pattern
as a bursal lesion scores.

Concerning ND vaccination, unfortunately the pha.Dis-F vaccination did not protect
any of the vaccinated chickens groups after the challenge with the highly virulent strain
of NDV genotype VII (IBS002), but delayed the mortalities of the chickens.

In the second chicken trial, the pha.Dis-VP2 vaccine was administered via the oral
route into SPF chicken group. The vaccination program included two vaccinations with
three weeks interval to boost the immune response. Blood withdrawal was carried out
from the wing vein to detect the immune respond expressed as antibodies titer. The
same procedure was accomplished for the pha.Med-F vaccine. Three weeks after the
second vaccination the challenge was carried out using vIBDV for the pha.Med-VP2
vaccinated group, and vwNDV for the pha.Med-F group.



The results of this trial revealed, for the first time, that pha.Med-VP2 vaccine
administered orally provided a protection of (92.31%) for the vaccinated chickens
against the challenge with the vwiDBV. The detected antibodies titer was significantly
higher (p< 0.01) in the vaccinated group, using a VVP2-based ELISA Kkit. The results of
the bursal/body weight ratio for the vaccinated chickens indicates that the vaccine have
no detrimental effects on the bursae and that the vaccine successfully protected the
bursae from the challenge impact. The histopathological assessment revealed similar
pattern as a bursa lesion scores.

Concerning ND vaccination, unfortunately the pha.Med-F vaccination did not protect
the vaccinated chickens group after the challenge with the highly virulent strain of
NDV genotype VII (IBS002), but delayed the mortalities.

In conclusion, the constructed VVP2-recombinant vaccines were immunogenic in SPF
chickens. Phage-displayVVP2 vaccines (S/C, S/C-in oil and orally) were able to protect
the chickens against the vwwIBDV challenged virus with the best result via the oral route
(93.34%). In addition to that, the phage-mediated VP2 vaccine given orally was able to
protect the chickens (92.31%) against the ND genotype VII challenged virus. Phage-
display VP2 and phage-mediated VP2 have no detrimental effects on the bursae. The
F-based vaccines (pha.Dis.-F and pha.Med.-F) were not able to protect the chickens
against the challenged virus. Though F-based vaccines were able to delay chicken
mortalities following the challenge.
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Penyakit sampar (ND) dikaitkan sebagai salah satu penyakit virus yang signifikan
dalam industri unggas dan ia mungkin menunjukkan ketirisan yang besar ke atas
ekonomi apabila dibandingkan dengan pelbagai virus yang lain pada haiwan. Antigen
utamanya adalah gen F dan HN. Penyakit bursa berjangkit (IBD) masih menjadi
intimidasi malar terhadap industri unggas dunia. Tambahan terhadap kematian yang
tinggi daripada IBD yang memudaratkan, perkara terpenting adalah ia merupakan
penyebab kepada penindasan imun. Antigen utamanya adalah VP2. Meskipun vaksin
hidup yang dilemahkan dan vaksin yang tidak aktif telah digunakan di lapangan sejak
beberapa kurun yang lepas untuk mengawal penyakit-penyakit ini, keperluan terhadap
vaksin yang lebih selamat dan lebih berkesan masih diperlukan.

Kajian ini dijalankan untuk membangun “phage-display” dan “bacteriophage-mediated
vaccines” bagi melaman penyakit Newcastle dan penyakit bursa berinfeksi, berasaskan
segnen F dan VP2 protin.

Hipotesis kajian ini ialah vaksin-vaksin “phage-display” dan “bacteriophage-mediated”
berupaya memberi imun repons yang datap mengawal penyakit dalm ayam-ayam yang
diberi vaksin.

Bakteriofaj paparan-(faj) (PD) dan bakteriofaj-perantaraan (BM) imunisasi adalah
teknologi pemberian vaksin yang novel. Bagi gen PD yang dimasukkan akan
dipaparkan sebagai protin di permukaan faj. Sementara pada BM faj bertindak sebagai
vektor pemindahan gen. Terdapat banyak kelebihan berbanding vaksin konvensional.
Tindakan pertama adalah merangka vaksin. Vaksin PD telah dirangka menggunakan
VP2 dari wiIBD (UPMO0081) sebagai (pha.Dis-VP2) dan F bagi ND genotip VII
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(IBS002) sebagai (pha.Dis-F). Vaksin BM telah dirangka menggunakan VP2 dari
vvIBD (UPMO0081) sebagai (pha.Med-VP2) dan F bagi ND genotip VII (IBS002)
sebagai (pha.Med-F).

Selepas penjujukan dan pengesahan vaksin, fungsi vaksin di nilai menggunakan blot
western. Hasil yang diperolehi daripada blot western menunjukkan antigen-antigen
pada vaksin PD dan BM telah berjaya di nyatakan pada garisan sel hd11.

Pada kajian pertama dalam ayam, vaksin pha.Dis-VP2 diberikan melalui tiga saluran
pemberian yang berbeza (oral, subkutaneus dan subketaneus-dalam minyak) kepada
kumpulan-kumpulan ayam bebas pathogen specikic (SPF). Program vaksinasi
mengandungi dua vaksinasi dengan tiga minggu jarak bagi merangsang tindakbalas
imuniti. Selepas setiap vaksinasi darah diambil dari vena sayap dan digunakan untuk
mengesan tindakbalas yang diterjemahkan kepada titer antibodi. Prosedur sama telah
digunakan bagi vaksin pha.Dis-F. Tiga minggu selepas vaksinasi penggalak cabaran
telah dilakukan menggunakan wvIBDV bagi kumpulan vaksin pha.Dis-VP2 dan
vvNDV bagi kumpulan pha.Dis-F.

Hasil yang diperolehi dari kajian ini menunjekkan untuk pertama kalinya vaksin
pha.Dis-VP2 yang telah diberikan secara oral memberikan perlindungan terbaik
(93.34%) kepada ayam yang telah divaksinasi dicabar dengan vvIBDV, sementara
perlindungan bagi vaksinasi subkutaneus dan subkutaneus-adjuvan minyak adalah
(80%) dan (66.67%) masing-masing. Titer antibodi yang dikesan menunjukkan
signifikan yang lebih tinggi (p< 0.01) pada kumpulan vaksinasi menggunakan VP2
berdasarkan kit ELISA, diikuti dengan kumpulan vaksinasi subkutaneus dan
subkutaneus-adjuvan minyak. Hasil bagi nisbah bursa/berat badan bagi ayam-ayam
yang telah divaksinasi menunjukkan vaksin bagi kumpulan oral tiada kesan-kesan yang
merosakkan ke atas bursa dan vaksin berkenaan telah berjaya melindungi bursa
daripada impak cabaran. Penilaian histopatologi mendedahkan corak yang serupa
seperti skor-skor lesi bursa.

Sebaliknya, vaksinasi pha.Dis-F tidak dapat melindungi sebarang kumpulan ayam-
ayam yang telah divaksinasi selepas dicabar dengan strain NDV genotip VII (IBS002)
yang sangat virulen tetapi ia memanjangkan tempoh kematian ayam-ayam tersebut.

Bagi kajian kedua dalam ayam, vaksin pha.Dis-VP2 telah diberikan secara oral kepada
kumpulan ayam-ayam SPS. Program vaksinasi merangkumi dua vaksinasi dengan
jarak masa tiga minggu bagi menggalakkan tindakbalas imun. Darah telah diambil
daripada vena sayap untuk pengesanan tindakbalas imun yang ditunjukkan sebagai titer
antibodi. Prosedur sama telah digunapakai bagi vaksin pha.Med-F. Tiga minggu
selepas vaksinasi kali kedua cabaran telah diberikan menggunakan wvIBDV bagi
kumpulan vaksinasi pha.Med-VP2 dan vwNDV bagi kumpulan pha.Med-F.



Hasil yang diperolehi dari percubaan ini menunjukkan untuk pertama kalinya vaksin
pha.Med-VP2 yang telah diberikan secara oral memberikan perlindungan (92.31%) ke
atas ayam-ayam yang telah divaksinasi dan dicabar dengan vvIBDV. Titer antibodi
yang telah dikesan adalah signifikan lebih tinggi (p< 0.01) bagi kumpulan vaksinasi
menggunakan VP2 berdasarkan kit ELISA. Hasil bagi nisbah bursa/berat badan bagi
kumpulan ayam-ayam yang telah divaksinasi menunjukkan vaksin tersebut tidak
memberi kesan-kesan yang merosakkan ke atas bursa dan vaksin tersebut berjaya
melindungi bursa daripada impak cabaran. Penilaian histopatologi mendedahkan corak
yang serupa seperti skor-skor lesi bursa.

Sebaliknya, vaksinasi pha.Med-F tidak dapat melindungi kumpulan ayam-ayam yang
telah divaksinasi selepas dicabar dengan strain NDV genotip VII (IBS002) yang sangat
virulen tetapi ianya melambakkan tempoh kematian.

Sebagai rumusan, keputusam kajian menunjukkan vaksin-vaksin “phage-display’ dan
“bacteriophage-mediated” adalah efektif melawan vvIBDV, tetap tidak efektif bagi
penyakit Newcastle.
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CHAPTER 1

INTRODUCTION

Poultry diseases caused by viral organisms represent a serious loss to poultry producers
globally. The adverse effect of these viral diseases have impacted significantly on both
industrialized and subsistence production involving broilers, layers, turkeys as well as
other species. Infections of flocks also place a restraint to international trade, as a
justifiable mean for preventing the introduction of diseases, as well as protecting
domestic poultry industry.

Infectious bursal disease virus (IBDV) is an acute, highly contagious pathogen, which
causes intensive severe immunosuppression and high mortality in chickens, mostly at
an early age (3-6 weeks) while the B lymphocytes are still developing (Rodriguez-
Lecompte et al., 2005). The disease has been of great concern especially in the last
decade following the emergence of highly virulent strain, which has caused severe
losses to the poultry industry worldwide (Mahgoub et al., 2012). Although, younger
chickens are passively protected by maternally derived antibodies against the virus that
they acquire through egg yolk while older chickens are capable of mounting immune
response against the virus due to fully developed bursa of Fabricious, hence they both
rarely develop clinical signs of the disease (Macreadie et al., 1990).

The causative agent is a member of the genus Avibirnavirus of the family Birnaviridae.
The most severe form of the disease is caused by the very virulent IBDV (vwIBDV)
which is associated with acute clinical disease with 60-100% mortality (Jackwood and
Jackwood, 1994; Brown and Skinner, 1996). The virus attacks the immature B-
lymphocytes in the bursa of Fabricious leading to the destruction of the tissue which
results in the immunodeficiency of its host (Sharma et al., 2000).

In most poultry industries worldwide IBD is controlled by administration of live,
inactivated or recombinant IBDV vaccines (Li et al., 2006; Bublot et al., 2007).
However, the emergence of IBDV variants and the very virulent strains that are not
susceptible to inactivation by MDA has prompted changes in vaccination regimes with
broilers getting vaccinated with more virulent vaccines at 2-3 weeks of age when the
MDA have declined (Kumar et al., 2000; Rautenschlein et al., 2002).

On the other hand, Newcastle disease (ND) is a highly contagious disease of many
avian species that is characterized by considerable losses in infected birds. The disease
is caused by avian paramyxovirus 1 commonly referred to as Newcastle disease virus
which is an enveloped, single stranded negative-sense RNA virus which belongs to the
Avulavirus genus of the family Paramyxoviridae (Alexander, 1997). Infections are
manifested by a variety of clinical manifestations from very severe disease with high
mortality among birds to mild disease, depending on the virus strains and the host



species infected (Angela et al., 1999). ND is considered one of the two most important
avian diseases together with highly pathogenic avian influenza globally (Eterradossi
and Saif, 2008). The molecular basis for the pathogenicity of NDV is essentially
determined by the amino acid sequence of the protease cleavage site of the F protein as
well as the ability of the cellular proteases to cleave the F protein of different
pathotypes (Swayne et al., 2003). Cleavage of the precursor glycoprotein FO to F1 and
F2 by host cell proteases is required for the progeny virus to become infective (Xu et
al., 1999; Huang et al., 2004). In a endeavour to control the infection in poultry
population attenuated and live vaccines developed from lentogenic NDV strains such
as the Hitchner B1 and LaSota strains are currently in use globally (Huang et al.,
2004). Nonetheless, despite the widespread application of live NDV vaccines and the
different regimes of vaccination, vaccinated birds may still develop signs of the disease
depending on environmental conditions and the presence of complicating infections
(Jinying et al., 2007).

1.1 Research problem

In recent years the number of reported ND viruses has increased significantly
(Dimitrov et al., 2016). The number of outbreaks reported, as well as the number of
genotypes indicates the broadening of virulent NDV genetic diversity, which might
have resulted from the effect of conventional vaccination (Dimitrov et al., 2017). In
addition to that, the currently used vaccine strains are old and genetically distant from
the currently circulating virulent NDV (Dimitrov et al., 2016). This is seen as one of
the reasons why the available vaccines are unable to effectively prevent or reduce the
shedding of virulent virus by the vaccinated birds (Miller et al., 2009). Moreover, since
the implementation of live ND vaccination, the transfer of antibodies to the offspring
that can partially neutralize the live ND vaccines was known to be a complication issue
(Miller et al., 2013). Unfortunately, many of the problems encountered during ND
control from inception, still persist till present day. The effectiveness of these vaccines
is dose dependent and although they provide 100% protection in experimental settings,
they have failed to prevent infection and virus replication (Miller et al., 2013).
Furthermore, inactivated ND vaccines require a withdrawal period before vaccinated
birds can be fit for human consumption (Schijns et al., 2013).

Similarly, the emergence of antigenically variant strains as well as very virulent IBDV
is proving to be a stumbling block to a successful control and prevention scheme of the
disease among poultry population. The wIBDV exhibit similar antigenicity to the
classical strains and have demonstrated the ability to break through high levels of
maternal antibody and cause over 60% mortality in specific pathogen free chickens
(Cao et al., 1998). Attenuation of vvIBDV based on site-directed mutagenesis and
reverse genetics approach is associated with the risk of reversion of the partially
attenuated vwwIBDV to wild-type vwIBDV which is viewed as a limiting factor in its
application. Another point is the interference of maternally derived antibodies with
vaccine uptake is equally proving to be a major problem in early vaccination against
IBD with live vaccines (Muller et al., 2012). Based on these problems, it has become
imperative to develop new vaccines that combine a straight forward administration
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with high efficacy and few side-effects; and in this regard, the development of effective
subunit-based vaccines is viewed as a viable alternative due to its excellent properties
and high level of biosafety as well as their low environmental risk.

1.2 Study justification

Immunization is considered the most effective, convenient and economical method for
prevention of many diseases especially contagious viral diseases. The conventional
vaccines which are developed after attenuation or inactivation of the viruses, although
they are very effective, their production and administration are considered costly. Their
application is also accompanied by side effects such as reversion of virulence due to
imperfect attenuation or inactivation or even recombination or mutagenesis that could
lead to the generation of pathogens with higher contagious strength during production
(Omid, 2013).

However, the identification of protective antigens is thought of a good method. Based
on this approach, the safety of a vaccine is combined with the advantages of focusing
the immune response on an optimal target. In this vaccination method, only the
antigenic part of the pathogen is being extracted and, with or without modification, is
applied as vaccine. The emergence of recombinant technologies has provided a very
safe and economical way for large-scale production of new generation vaccines (Ribot
et al., 2006). This technology facilitates identification, extraction, amplification and
modification of DNA/RNA fragments encoding the antigenic part of a pathogen for
either recombinant expression or delivery as a DNA vaccine to be expressed in-vivo.
Nucleic acid immunization entails inoculation with purified DNA or RNA containing
gene(s) under the control of an exogenous eukaryotic promoter, so that protective
antigens are expressed within the host (Wolff et al., 1990; Tang et al., 1992). Nucleic
acid vaccines have a number of advantages over the conventional vaccines routinely
used for immunization of birds against IBDV and Newcastle disease. They are cheaper
and easier to produce than recombinant protein vaccines, manifest fewer adverse side
effects and can induce both cellular and humoral immune response (Clark and March,
2004). The potentials of DNA based vaccines to stimulate efficient humoral and cell
mediated antibody production have been reported in mice, although trials in large
animals and primates have not been successful (Dietrich et al., 1999). Nevertheless, a
number of modifications have been adopted to improve the responses against DNA
vaccines including; gun delivery, microparticles, or the inclusion of cytokines or
immunostimulatory CpG motifs in the vaccine vectors (Fynan et al., 1993; Leitner et
al., 1999; Singh et al., 2000; Scheerlinck et al. 2001). However, these methods increase
both the cost and the easiness of the production.

Bacteriophages have been used to deliver DNA vaccines (Clark and March, 2004).
This is achieved by cloning a DNA vaccine expression cassette consisting of
eukaryotic promoter and a vaccine gene into the phage lambda and the whole phage
particles are purified and used to immunize the host. This method has been used to
generate antibody levels significantly higher than with standard plasmid-based DNA



vaccination in mice and rabbits with HBsAg and other antigens (Clark and March,
2004; March et al., 2006).

Bacteriophages are viral entities that are beginning to attract growing interest as
optimal vaccine delivery vehicles. Phages are very suitable for vaccines design as a
result of their high stability under harsh environmental conditions, their simple and
relatively inexpensive cost for large scale production, in addition to they possess potent
adjuvant capacities (Aghebati-Maleki et al., 2016). Phage vaccines have also
demonstrated efficient immunostimulatory effects and present a high safety profile due
to their long standing relationship with the mammalian body during their evolutionary
period (Mateen and Irshad, 2011).

The study hypothesis is that constructed recombinant VP2 and F based Phage-display
vaccines and bacteriophage-mediated vaccines are able to induce protective immune
response in vaccinated chickens against wiBDV and NDV genotype VII.

This study was undertaken to develop phage-display and bacteriophage-mediated
vaccines against both Newcastle disease and Infectious bursal disease based on F and
VP2 protein sequences.

The general objectives of this study are to develop nucleic acid vaccines against ND
and IBD to be delivered as phage-display and bacteriophage-mediate particles.

The specific objectives are:

1) To construct phage-display vaccine expressing the VP2 gene of very virulent
infectious bursal disease virus (pha.Dis-VP2) and phage-display vaccine
expressing the F gene of the genotype VII Newcastle disease virus (pha.Dis-
F).

2) To construct bacteriophage-mediated vaccine encoding the VP2 gene of very
virulent infectious bursal disease virus (pha.Med-VP2) and bacteriophage-
mediated vaccine encoding the F gene of the genotype VII Newcastle disease
virus (pha.Med-F).

3) To detect the expressions of the constructed vaccines (pha.Dis-VP2, pha.Dis-
F, pha.Med-VP2 and pha.Med-F) based on in vitro studies.

4) To determine the immunogenicity of the constructed vaccines (pha.Dis-VP2,
pha.Dis-F, pha.Med-VP2 and pha.Med-F) in SPF chickens.

5) To determine the efficacy of the VP2-based vaccines through the challenge of
the vaccinated chickens against vwIBDV and the efficacy of the F-based
vaccines through the challenge of the vaccinated chickens against NDV
genotype VII.
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