
 
 

UNIVERSITI PUTRA MALAYSIA 
 

DEVELOPMENT AND EVALUATION OF BIVALENT DNA VACCINE 
AGAINST AVIAN INFECTIOUS BRONCHITIS 

 

 
 
 

   
 
 
 
 
 

FARUKU BANDE 
 
 
 
 
 
 
 
 
 
 
  

                    
     

                                                      FPV 2015 1 
  
 
 

   



© C
OPYRIG

HT U
PMDEVELOPMENT AND EVALUATION OF BIVALENT DNA VACCINE 

AGAINST AVIAN INFECTIOUS BRONCHITIS  

By

FARUKU BANDE  

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 
Fulfilment of the Requirements for the Degree of Doctor of Philosophy 

June 2015



© C
OPYRIG

HT U
PM

COPYRIGHT 
 
 
All material contained within the thesis, including without limitation text, logos, icons, 
photographs and all other artwork, is copyright material of Universiti Putra Malaysia 
unless otherwise stated. Use may be made of any material contained within the thesis 
for non-commercial purposes from the copyright holder. Commercial use of material 
may only be made with the express, prior, written permission of Universiti Putra 
Malaysia 
.
Copyright © Universiti Putra Malaysia 



© C
OPYRIG

HT U
PM

DEDICATION 

To my late daughter, Nana Asmau and all children died of preventable, but un-
diagnosed diseases in Africa and worldwide!!



© C
OPYRIG

HT U
PM

i 
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Infectious bronchitis (IB) constitutes a major challenge to the poultry industry 
worldwide. The widely used live attenuated IB vaccines suffer from numerous 
limitations, including but not limited to, reversion to virulence, recombination and 
mutations. Whereas killed IB vaccines induce poor immune response and require 
repeated dosing. DNA vaccines on the other hands, have the potentials to induce both 
humoral and cell mediated immune responses against infectious pathogens with 
minimal unwanted effects. In this study, the S1 glycoprotein of M41 and CR88 IBV 
strains were selected for the development of bivalent DNA vaccine against IB.
Bioinformatic analysis revealed structural and phylogenetic differences between the 
two virus strains. However, several conserved B-cells and T-cells epitopes were 
predicted to occur among these strains. To develop a broad-based DNA vaccine against 
the two strains, the full-length S1 glycoprotein genes of M41 and CR88 IBV strains 
were cloned individually as well as in combination to obtain a pBudCR88-S1,
pBudM41-S1 and pBudCR88-S1/M41-S1 plasmids. In vitro expressions of the 
constructed IB-DNA plasmids were confirmed by immunofluorescence and RT-PCR 
assays 42 hrs post transfection in chicken embryo fibroblast cells.  In order to improve 
the delivery potential of the candidate DNA vaccine plasmid and protect it from 
endonuclease degradation, a chitosan - saponin (CS-SP) nanoparticle was synthesized, 
characterized and used for the encapsulation of the bivalent IB DNA plasmids.
Characterization of the CS-SP nanoparticle revealed a spherically-shaped nanoparticle 
with a size below 100 nm and a zeta potential of 38.9 mV. The encapsulated bivalent 
IB-DNA plasmid was found to be thermostable, less toxic and protected against in vitro
enzymatic degradation. Subsequently, the efficacy of the candidate DNA vaccine was 
evaluated by immunizing 3 weeks old SPF chickens.  Six groups of chickens 
comprising of vaccinated and control chicken received 100 μg of plasmid as follows: - 
PBS-control (A) empty-plasmid control, pBudCE (B); pBudM41-S1 (C); pBudCR88-
S1 (D); pBudCR88-S1/M41-S1+nano (E) and pBudCR88-S1/M41-S1-without nano 
(F). All chickens except those in group E received two booster vaccination at two week 
intervals. To assess the effect of CS-SP, chickens in group E only received the first 
booster vaccine. To evaluate the vaccine’s protective capacity, the initial six chicken 
groups (A, B, C, D, E, F) were divided each into 2 parts as M41-challenged (n=6) and 
CR88-challenge (n=6) subgroups and then challenged accordingly with 105 EID50 of 
M41 and CR88 IBV strains two weeks after the last booster vaccination. All chickens 
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were monitored before terminating the experiment two weeks after challenge.
Evaluation of immune response was carried out by measuring the IBV specific 
antibodies (weekly); percentage CD3+, CD4+ and CD3+, CD8+ T-cells (two weeks 
after the last booster); clinical signs (after the challenge); oropharyngeal and cloacal 
virus shedding (day 3, day 5, day 10 and day 15) and histopathological lesion scores 
(two weeks after challenge). Analysis of humoral and cell mediated immune (CMI) 
response revealed a significant increase in anti-IBV antibody as well as CD3+, CD4+ 
and CD3+, CD8+ T cells responses in chickens vaccinated with bivalent IB-DNA 
vaccines as determined by ELISA and flow-cytometry respectively. Vaccinated 
chickens exhibited milder clinical signs following virus challenge as compared to the 
control groups. Furthermore, vaccination with a bivalent DNA plasmid especially the 
nanoencapsulated plasmid (pBudCR88-S1/M41-S1+nanoparticles) protected chickens 
against heterologous virus challenge as revealed by a significant reduction in the 
(p<0.05) in orophyrengeal and cloacal virus shedding following M41 and CR88-IBV 
strains. However, monovalent IB-DNA vaccines could only protect against 
homologous virus challenge (P<0.05). Histopathologically, lesion scores tend to be 
higher in the trachea and kidney of control-unvaccinated chickens (A and B) compared 
to the vaccinated chicken groups (C-F), although this difference was not statistically 
significant (p>0.05). In conclusion, this study demonstrated that bivalent DNA vaccine 
expressing S1 glycoproteins from M41 and CR88 IBV strains is able to induce 
significant humoral and CMI responses that is able to protect vaccinated chickens 
against challenge with both M41 and CR88 IBV serotypes. These findings highlight the 
potential applications of bivalent DNA vaccine as an alternative strategy for the  
control of  infectious bronchitis in poultry. 
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FARUKU BANDE  

Jun 2015

Pengerusi: Siti Suri Arshad, PhD 
Fakulti: Perubatan Veterinar 

Bronkitis berjangkit (IB) merupakan cabaran besar kepada industri ternakan ayam di 
seluruh dunia.Vaksin hidup IB yang dilemahkan diguna secara meluas didapati 
mengalami banyak batasan termasuk, perkembalian kepada virulen, penggabungan 
semula dan mutasi. Sebaliknya, vaksin mati IB menyebabkan tindak balas imun yang 
lemah dan memerlukan dos berulang. Vaksin DNA mempunyai potensi untuk 
mendorong kedua-dua tindak balas imun humoral dan sel pengantara (CMI) terhadap 
patogen berjangkit. Dalam kajian ini, glikoprotein S1 dari M41 dan CR88 IBV strain 
telah dipilih untuk pembangunan vaksin DNA bivalen. Analisis bioinformatik 
mendedahkan perbezaan struktur dan filogenetik antara kedua-dua jenis virus. Walau 
bagaimanapun, dalam kedua-dua virus, pemuliharaan B-sel dan T-sel epitopes telah 
diramalkan. Untuk membangunkan calon vaksin DNA, gen S1 glikoprotein 
berpanjangan penuh telah diklon untuk mendapatkan plasmid bivalen pBudCR88-
S1/M41-S1. Ungkapan  in vitro binaan plasmid IB-DNA telah disahkan oleh esei  
immunofluorescence dan RT-PCR. Dalam usaha untuk menambah baik penyampaian 
potensi calon vaksin plasmid, kitosan (CS) dan saponin (SP) telah digunakan untuk 
menghasilkan nanopartikel CS-SP yang digunakan untuk mengkapsul plasmid DNA. 
Pencirian  nanopartikel CS-SP menunjukkan ianya berbentuk sfera dengan saiz di 
bawah 100 nm dan potensi zeta 38.9 mV. Kapsul IB-DNA bivalen plasmid didapati 
tahan panas, kurang toksik dan dilindungi daripada degradasi enzim in vitro. 
Seterusnya, keberkesanan calon vaksin DNA telah dinilai dengan pelalian ayam SPF 
berumur 3 minggu.  Enam kumpulan ayam terlali dan kawalan yang terdiri daripada 12 
ekor setiap kumpulan menerima 100 μg plasmid seperti berikut:- PBS-kawalan (A) 
plasmid-kosong, pBudCE (B); pBudM41-S1 (C); pBudCR88-S1 (D); pBudCR88-S1 / 
M41-S1 + nano (E) dan pBudCR88-S1 / M41-S1-tanpa nano (F). Semua ayam kecuali 
dalam kumpulan E menerima dua booster vaksin selang dua minggu. Cabaran virus 
dilaksanakan pada minggu kedua selepas booster terakhir.  Enam kumpulan ayam 
terdahulu (A,B,C,D,E, F) di bahagikan kepada  dua kumpulan yang dicabar-M41 dan 
dicabar-CR88, dimana setiap subkumpulan mempuyai 6 ekor ayam. Ayam 
kemudiannya dicabar dengan 105 EID50 M41 dan CR88 IBV strain dan dipantau 
selama dua minggu. Penilaian tindak balas imun dan perlindungan dilakukan dengan 
mengukur antibodi khusus IBV (setiap minggu); peratusan CD3 +, CD4 + dan CD3 +, 
CD8 + T-sel (dua minggu selepas booster terakhir); petanda klinikal (selepas dicabar); 
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rembesan virus orofaringeal dan kloaka (hari ke-3, hari ke-5, hari ke-10 dan hari ke-15) 
dan skor lesi histopatologi (dua minggu selepas dicabar). Analisis tindak balas humoral 
dan CMI menunjukkan peningkatan yang ketara dalam anti-IBV antibodi serta CD3 +, 
CD4 + dan CD3 +, CD8 + T sel pada ayam yang dilalikan dengan vaksin IB-DNA 
bivalen sebagaimana yang ditentukan oleh ELISA dan aliran sitometri masing-masing.  
Ayam yang dilalikan memamerkan petanda klinikal yang lebih ringan berikutan 
cabaran virus berbanding dengan kumpulan kawalan. Tambahan pula, pelalian dengan 
DNA plasmid bivalen terutama plasmid yang nanoberkapsul (nanopartikel pBudCR88-
S1 / M41-S1 +) melindungi ayam daripada cabaran virus heterologus seperti yang 
ditunjukkan oleh pengurangan yang ketara (p <0.05) dalam rembesan virus M41 dan 
CR88-IBV strain . Walau bagaimanapun, monovalen vaksin IB-DNA hanya boleh 
melindungi daripada cabaran homolog virus (p <0.05). Secara histopatologi, skor lesi 
cenderung untuk menjadi lebih tinggi dalam trakea dan ginjal ayam kawalan tidak dilali 
(A dan B) berbanding dengan kumpulan ayam yang dilalikan (CF), walaupun 
perbezaan ini tidak ketara secara statistik (p> 0.05). Kesimpulannya, kajian ini 
menunjukkan bahawa vaksin DNA bivalen yang mempunyai gen S1 dari M41 dan 
CR88 IBV strain mampu mengaruh tindakbalas humoral khusus untuk IB dan CMI 
yang melindungi ayam yang dilalikan terhadap cabaran dengan kedua-dua IBV serotip 
M41 dan CR88. Penemuan ini menyerlahkan potensi aplikasi vaksin IB-DNA bivalen 
sebagai satu strategi alternatif bagi mengawal bronkitis berjangkit.
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CHAPTER 1

INTRODUCTION 

 
1.1 Background of the study 

The demand in the consumption of animal proteins has been predicted to increase to 
about two-third by 2050 and most of the protein is expected to come from the poultry 
industry (Farrell, 2013). However, infectious pathogens, especially viruses constitute a
major challenge to global poultry production (Omar 2014). In particular, infectious 
bronchitis (IB) is one of the most highly contagious, economically important poultry 
disease with worldwide distribution (Cavanagh et al., 2005). The disease mainly affects  
domestic chickens, however, serological and clinical evidences of IB have been 
reported in non-domestic galliform, exotic and ornamental birds (Liu et al., 2005c, 
Chen et al., 2013). The causative agent of the disease is infectious bronchitis virus 
(IBV), which is classified as a single stranded RNA virus belonging to a 
gammacoronavirus subfamily, family Coronaviridae (Cavanagh, 2007). Currently, 
over 50 IBV serotypes which constitute the classical and variant strains are distributed 
worldwide. Such a large number of different serotypes has contributed to viral diversity 
as well as difficulty in diagnosis, control and prevention (De Wit et al., 2000, 
Montassier et al., 2008). 

Typically, IBV infects three important body systems and results in various sequelae as 
follows:- (i) the respiratory system; resulting in tracheal rales, gasping, coughing, 
watery eyes and nasal discharges; (ii) the renal system; leading to kidney disorders 
such as nephritis, nephrosis, and urate deposits, (iii) the reproductive system; leading to 
a decrease in egg production and egg shell quality (Butcher et al., 1990, Ignjatović and 
Sapats, 2000, Chousalkar and Roberts, 2007a, 2007b, Cook et al., 2001). Some 
enterotropic IBV strains such as the Moroccan “IBV-G” strains have been reported to 
cause gastrointestinal tract disorders, thus leading to diarrhoea, fulminating disease and 
erratic viral shedding (Ambali and Jones, 1990, Ambali, 1992, Liais et al., 2014).

In order to control IBV infection, live attenuated vaccines are currently administered in 
broilers and for breeder chickens. However, variation exists among countries on the 
type of IB vaccine strain approved for use. This is usually determined by the 
epidemiological knowledge of the prevailing local or regional strain. For example, in 
the USA, the M41, H120, Arkansas, Delaware, Florida and JMK-derived vaccines are 
used frequently.  In Australia, the B and C strains remain used; in Europe vaccine 
strains, including M41, 4/91 and CR88 are common.  In the Netherlands, vaccination is 
usually carried out using the D274 and D1466 strain vaccine (King and Cavanagh, 
1991). For logistics reasons, some commercially available IB vaccines have been 
combined with other virus vaccines such as the Newcastle disease virus (NDV), 
Marek’s disease infectious bursal disease virus (IBDV) vaccines. However, it is not 
clear whether this combination affects the immune response to either of the 
combination antigens (Vagnozzi et al., 2010). Few examples of commercially available 
live attenuated IB vaccines include, Norbilis IB-Ma5 (MSD Animal Health, UK) from
Mass serotype; AviPro IB H120 from Dutch H120 strain (Lohmann Animal Health, 
Germany); Norbilis 4-91 (MSD Animal Health, UK); Gallivacc-CR88 (Merial, USA 
from CR88 IBV isolated in European strains. Live attenuated vaccine, POULVAC IB 
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QX has been produced against the recently endemic QX-like strains (Pfizer, France). 
Other forms of vaccines include adenovirus-based vaccines, however, like in the case 
of live attenuated vaccines, this technology does have limitations that include 
neutralization or interference by the existing maternal antibodies (Faulkner et al., 
2013). Additionally, lack of proper protein folding and glycosylation in the host 
system; and post-translational modifications that alter the conformation and epitope 
arrangement, may affect the immunogenicity of the vaccine antigen as well.

1.2 Statement of the problems 

Immunization of chickens against IB has so far been dominated by the use of  live 
attenuated and killed vaccines. This is the case in most poultry producing countries, 
including Malaysia (de Wit et al., 2010, 2011). However, the use of live attenuated IB 
vaccines is plagued by a number of limitations. These include potential reversion to 
virulence which may lead to different pathologies and facilitates secondary bacterial 
infection (Tarpey et al., 2006). Another important limitation is the potential mutation 
and recombination between vaccine strains and virulent field viruses, which may 
favour the emergence of the new IBV serotypes (McKinley et al., 2008, Lee et al., 
2012, Lee et al., 2010). Moreover, difficulties in adapting some IBV strains in egg or 
cell cultures have limited the production of live attenuated IBV vaccines. Thus, such 
viruses may require the use of egg culture which takes longer period and consume huge 
resources, making the vaccine more expensive for farmers to acquire. The presence of 
maternal antibodies able to neutralize live attenuated vaccines has also been a daunting 
challenge to the use of live attenuated vaccines (Klieve and Cumming, 1988). Another 
means of controlling IB is the use of killed or inactivated vaccines (Finney et al., 1990).
This type of vaccine is less effective, especially, when used alone as killed vaccine only 
induces humoral but not cell mediated immunity (CMI). Despite an increase in the 
number and diversity of IBV strains, most of the research focus on a single but not 
multiple serotype based vaccines. There is thus the need for alternative vaccines that 
are capable of providing adequate immunity against broad IBV strains.

1.3 Justification of the research 

The emergence of multiple IBV genotypes invariably hampered control and 
preventions of IBV disease, thus indirectly affecting poultry production and global 
protein supply. Genetic variation between field IBV and vaccine variant might 
contribute to lack of protection and sporadic outbreaks observed in the field. Since the 
use of conventional IB vaccines such as the live attenuated vaccines has not only 
proved ineffective, but complicated viral diversity, and increased the burden of 
controlling the disease. Lack of cross protection and other limitations therefore 
necessitate the needs to develop alternative, safe and broad based vaccines for the 
control of IB. DNA vaccines are relatively safe, thermostable, cheaper and faster to 
produce compared to live attenuated vaccines. Since the use of DNA vaccines requires 
only immunogenic protein and not whole virus, this may overcome the effect of 
reversion to virulence associated with live attenuate vaccines. The ability to clone and 
express more than one immunogenic protein in a single vector is another advantage of 
using DNA vaccines. Currently, there are limited information on multiserotypes IB- 
DNA vaccines. Since the M41 (classical strain) and CR88 (variant strain) are two 
globally important serotypes, these strains may serve as a model for multiple vaccines. 
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1.4 Research hypotheses 

A bivalent IB-DNA vaccine carrying S1-glycoprotein of M41 and CR88 IBV will 
significantly induce IB specific immune response and capable of protecting vaccinated 
chickens from challenge with M41 and CR88 IBV strains. 

1.5 Research objectives 

1.5.1 General objectives

To develop a bivalent DNA vaccine against infectious bronchitis  

1.5.2 Specific objectives

i. to determine the structural characteristics and predict the presence of B cells 
and T cell epitopes in the S1 glycoprotein of M41 and CR88 IBV strains using 
bioinformatic tools. 

ii. to construct a bivalent IB-DNA plasmid containing S1-glycoprotein genes 
from classical M41 and variant CR88 IBV strains for use as a vaccine 
candidate. 

iii. to study the transcription and translation of the candidate IB-DNA plasmid in 
chicken secondary cells (DF1 cells)  by RT-PCR and immunoflourescence 
assays, respectively. 

iv. to synthesize and characterize a chitosan-saponin (CS-SP) nanoparticle for 
application in IB-DNA  vaccine delivery. 

v. to determine the efficacy of a bivalent IB DNA vaccine in Specific Pathogen 
Free (SPF) chickens.
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