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Abstract
Infectious Bronchitis (IB) is highly contagious disease of commercial poultry
causing substantial economic loses by producing poor quality meat in broilers
and effecting production in breeder birds. The causative agent has been reported as most hazardous pathogen among other infectious agent even after
being immunized with multi-variant strain vaccine. Currently, different
strain such as H-120, 4/91 and D274 have been used extensively for immunoprophylaxis against velogenic strain across Pakistan with minimal protection reported. In current study PCR analysis was used to investigate the
molecular nature of IB isolates from Punjab and Sind province of Pakistan in
2016 epidemics. Total of 100 tracheal samples were considered for virus inoculation in 10 days old chicken embryonated eggs. The IBV infected amniotic fluid was neutralized with monoclonal antisera of H-120, 4/91 and D274
strains. The IBV screened samples were subjected for RNA extraction and
subsequent to PCR using type specific primer of each strain. The amplified
product of 840 bp was sequenced through Sanger sequencing. On the basis of
PCR results, four similar amplified products from both regions were obtained
showing similarities in agarose gel electrophoresis, but they differ from each
other on the basis of nucleotides sequence. Phylogenetic analysis revealed that
nucleotide sequences of isolates from Karachi were similar to the IBV H-120,
Mass-41 and Connecticut 46 reference strains. Whereas, isolates from the
Punjab province are analogous to the Mans-2, Mans-3, 9/41(UK) but did
not show significant similarity with other reference strain. Therefore, it is
recommended that use of M-41 and H-120 in vaccine production could be
effective measure against velogenic infectious agent in Sindh particularly in
Karachi, whereas, it would be better to incorporate either of the variant
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GQ281656.1, AY279533.1 in vaccine because of their highest level of resemblance with genetically sequenced isolates from Lahore and its surroundings.
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1. Introduction
Infectious bronchitis (IB) is a highly contagious respiratory problem characterized by respiratory, digestive, reproductive and renal infections in domestic
poultry and wild avian species [1]. It hits the flock at any age but the young
flocks are considered more prone to the disease. The disease is clinically manifested by tracheal rales, nasal discharge and sneezing, coughing, loss of body
weight, sinusitis, increased water intake, depression, lethargy and poor growth in
broilers. Avian infectious bronchitis is of more importance in layer and breeder
birds as compared to broilers as it induces great drop in egg production and
sometimes may damage oviduct resulting in to permanent loss of egg production. In case of reproductive damage the causative agent resides in the oviduct
and affects the internal and external quality of eggs such as rough, misshapen
eggs bearing collar on the surface of the egg, emergence of thin watery and
mixed internal contents [2] [3] [4] [5]. The first report of IB by Schalk and
Hawn referred to a highly contagious disease in young chicks with respiratory
symptoms in North Dakota, USA in 1931 [6]. The disease is also termed as infectious bronchitis of young chicks which are caused by infectious bronchitis virus (IBV) [7]. The causative agent is corona virus which is enveloped, and single
stranded RNA virus belonging to family coronaviridae.
Thereafter and to date, a wide range of different IBV serotypes and genotypes
have been detected around the world causing heavy economic losses [8]. IB is
responsible for severe ﬁnancial losses to the poultry industry despite the wide
use of live attenuated and inactivated vaccines. IB still remains one of the most
important poultry diseases in Korea and many other countries of the world. A
number of IBV serotypes have been identiﬁed worldwide, and some of these serotypes cannot be controlled by heterologous serotyped vaccines [9] [10] [11].
IB is one of the major problems having many variants prevailing in the environment making vaccination ineffective in all age groups and species. The pathogen is categorized into two main types, classic and variant strains. Both of the
strain categories vary from each other to such an extent that antibodies produced against one strains do not confer cross protection against other upon vaccination [12] [13].
IB virus has a potential to alter its genetic structure according to the surrounding environment. The ability to induce genetic variation will eventually
help viruses to evade the immune response and causes outbreaks in vaccinated
DOI: 10.4236/abb.2018.912044
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flocks. The generation of genetic variants is thought to result from a few amino
acid changes in the spike (S) glycoprotein of IBV [14]. The spike (S) of the virus
is a glycoprotein in nature and anchors S protein into the lipid bilayer of the virion and plays a crucial role in disease pathogenesis. The IBV S gene consists of
1162 amino acids, and is cleaved into two sub-units, the N-terminal S1 subunit
(535 amino acids) and the C-terminal S2 subunit (627 amino acids). The S1
subunit contains virus neutralization and serotype specific antigenic determinants that are responsible for binding to the host cell, neutralization and immune response [15] [16] [17] [18].
To prevent IB infection in broilers, breeders, and layer birds, IB variants such
as Massachusetts-41 (M-41), H-120 and D-274 have been included in the vaccination schedule. However, the problem still persists even after excessive vaccination and stern biosecurity during routine monitoring of the flocks. It was also
observed that high anti-body titer in non-vaccinated flocks (8.7%) are those
against M-41strain as well [19], there by suggesting the presence of this and possibly other IBV strains in Pakistan.
The current study was undertaken to investigate the prevalent velogenic strain
of IB on the basis of Molecular Evolutionary Genetics Analysis (MEGA), in different areas of province Punjab and Sindh, Pakistan. Moreover, the results of
current study shall help the poultry farmers to select the appropriate vaccine
strain for effective immunoprophylaxis against IB virus in the respective areas.

2. Materials and Methods
2.1. Chicken Embryonated Eggs
Ten days old 100 embryonated chicken eggs were purchased from Big Bird
Poultry breeding company located at Raiwind road, Lahore. External surface of
the eggs were disinfected with pyodine-ethanol (10%) solution and subsequently
shifted to 37˚C incubator until inoculation of virus.

2.2. Viruses and Antisera
Lungs and trachea of broilers affected with infectious bronchitis were isolated
from Lahore, Kasur, Sheikhupura and Gujranwala districts of Punjab and Surjani town, Super highway, Dhabeji regions of Karachi, Pakistan during outbreaks
in 2016. Infectious Bronchitis virus infected mucous membrane was extracted
with the help of sterile throat swabs. The swab was suspended in 3 ml of sterile
normal saline (0.85% NaCl solution). The suspension was thoroughly shacked
and centrifuged at 3000 rpm for 10 minutes. The supernatant was passed
through 0.5 micron size syringe filter and single dose of 0.1 ml was used for inoculation into chicken embryonated eggs through allantoic sac route and incubated at 37˚C for 72 hours. Harvested IBV infected amnioto-allantoic fluid was
preserved at −80˚C for further investigation. To perform virus neutralization test
1 ml lyophilized vial of monoclonal antisera of each strain was obtained from
Ottoman Pharma (Immuno division).
DOI: 10.4236/abb.2018.912044
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2.3. Virus Neutralization Test (VNT)
Equal concentration (50 ul) of each isolate was mixed with known antisera and
inoculated into 10 day old chicken embryonated eggs which were than incubated
at 37˚C for 72 hours. The eggs were harvested separately and the remaining fluid
was subsequently subjected to RT-PCR as described by Hofsad [20].

2.4. RNA Extraction
Viral RNA was isolated from 12 isolates including positive control as described
by [21]. Briefly, sodium dodecyl sulphate (Merck-USA)(final concentration 20%
[w:v] and proteinase K (Bio world) (final concentration 250 µg/ml) were added
to allantoic fluid, incubated for 5 min at 56˚C for 30 minutes followed by addition of 400 µl phenol chloroform (100%) isoamyl alcohol (100%) (Thermo
Fisher-USA). The mixture was centrifuged at 14,000 rpm and the sediment was
mixed with 100 µl of ethanol (Sigma-Aldrich USA) (80%). After isolation RNA was
re-suspended in 40 µl distilled H2O and was stored at −50˚C until RT-PCR analysis.

2.5. Molecular Detection of IBV Using One-Step RT-PCR
Viral RNA was isolated from 12 isolates including positive control as described
by [21]. The RT reaction contained 4 µl of 10× PCR buffer, 2 µl of 10 mM each
dNTP (Merck-USA), 1 µl each of forward and reverse oligo, 1.5 µl of 80 mM
Mgcl2 (Merck-USA) and 9 µl of the RNA solution. Total of 20 µl reaction volume
was obtained by adding 3 µl of sterile distilled water. Master mix for all samples
were prepared without mixing RNAs of viral strains. Equal volume (11 µl) of
master mix was added in 0.2 ml PCR tube and relevant RNAs were mixed to the
respective tubes and incubated at 42˚C for 60 minutes followed by incubation at
72˚C for 10 minutes in thermal cycler (ABS-USA).
The prepared cDNA of the samples were subjected to PCR amplification of
the desired S1 glycoprotein gene. For the PCR reaction, 3 ul of 10× PCR buffer,
0.5 µl of each forward (’5-CTTTTGGCACTATGTAGTGC-3’) and reverse
primer (’5-ATTAGTAAAAGGYTAYAAGCCATCTG-3’), 3.5 µl of 80 mM MgCl2
and 1 µl of Taq DNA polymerase (Perkin-Elmer Cetus, Norwalk, Conn.) were
added to the reaction mixture. Reaction volume was obtained by adding 13 µl of
sterile nuclease free water. Master mix was prepared without adding cDNA and
reverse primers of viral strains. Equal volume (19.5 µl) of master mix was added
in 0.2 ml PCR tube. 5 µl of relevant cDNAs, forward and reverse primers were
mixed and added to the relevant tubes. The tubes were incubated in thermal cycler (Applied Biosystems) with an initial denaturation at 95˚C for 2 minutes followed by incubation, 30 cycles of denaturation at 95˚C for 30 secs, annealing at
51˚C for 30 secs and extension at 72˚C for 45 secs. Final polymerization was
conducted at 72˚C for 5 min.

2.6. Electrophoresis
The PCR products were analysed in 1% agarose (Bio world-USA) gel. ElectroDOI: 10.4236/abb.2018.912044
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phoresis was performed at 100 volts for 50 minutes and PCR products along
with 100 bp ladder were observed using ultraviolet trans-illuminator.

2.7. DNA Sequencing
Sanger sequencing (Chain termination method) approach has been employed
for DNA sequencing in this study. Sequencing data was analysed by using Molecular Evolutionary Genetics Analysis (MEGA) software version 7.0 [22].

3. Results
Amplicon size of 840 bp of spike glycoprotein (S1) was amplified using the specific primers designed from conserved regions of the spike gene among all the
reference strains used in this research. A total of 53 samples were screened for
detection of antibodies against IBV by HA and virus neutralization test while 43 were
found to be positive. Table 1 shows results of 10 samples identified with HI and VNT.
The assay detected both classic and variant strains by using similar protocol.
Sequence analysis data revealed that amplicons of different sizes close to IBV
variant were due to deletions at various sites. Molecular evolutionary genomic analysis (MEGA-ABI3730XL) was used to compare the test samples and reference strain.

3.1. Spike Gene Sequence of IBV (Sindh)
ACTTCGTGTCTACTACCAAGTGCCTTCAGACCACCTGATGGTTGGCATT
TACATGGGGGTGCGTATGCGGTTGTTAATATTTCTAGTGAATCTAATA
ATGCAGGCTCTTCATCTGGGTGTACTGTTGGTATTATTCATGGTGGTCG
TGTTGTTAATGCTTCTTCTATAGCTATGACGGCACCGTCATCAGGTATG
GCTTGGTCTAGCAGTCAGTTTTGTACTGCATACTGTAACTTTTCAGATA
CTACAGTGTTTGTTACACATTGTTACAAACATGTTGGGTGTCCTATAAC
TGGCATGCTTCAACAGCATTCTATACGTGTTTCTGCTATGAAAAATGGC
CAGCTTTTTTATAATTTAACAGTTAGTGTAGCTAAGTACCCTACTTTTA
AATCATTTCAGTGTGTTAATAATTTAACATCCGTATATTTAAATGGTGA
TCTTGTTTACACCTCTAATGAGACCACAGATGTTACATCTGCAGGTGTT
TATTTTAAAGCTGGTGGACCTATAACTTATAAAGTTATGAGAGAAGTT
AGAGCCCTGGCTTATTTTGTTAATGGT.
Table 1. Isolates resemblance based on PCR, VNT and nucleotide sequencing in results.

DOI: 10.4236/abb.2018.912044

(chicken/Op-KRI/H120/16)
(chicken/Op-KRI/H120/16)
(chicken/Op-KRI/4/91/16)
(chicken/Op-KRI/D274/16)
(chicken/Op-KRI/D274/16)
(chicken/Op-LHR/LH120/16)
(chicken/Op-LHR/H120/16)
(chicken/Op-LHR/H120/16)
(chicken/Op-LHR/4/91/16)

Identification method
HI and VNT
H120
H120
4/91
D274
D274
H120
H120
H120
4/91

Genotype
Resemblance
Classic
Classic
Vaccinal
Vaccinal
Vaccinal
Vaccinal
Vaccinal
Vaccinal
Variant

(chicken/Op-LHR/4/91/16)

4/91

Variant

Code No

Isolate Designation

1
2
3
4
5
6
7
8
9
10
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3.2. Spike Gene Sequence of IBV (Punjab)
TCTTAGTGTACTACTACCAAAGCGCCTTTAGGCCACCTACTGGTTGGC
ATTTACATGGAGGTGCTTATGCCGTAGTAAATGTTTCTGAGCAAAATA
GTACTGTTACTGGATCAGAATGTACTACGGGTATTATTAGTGGTGGTT
ACACTTTTAATGCTTCATCTGTAGCTATGACAGCACCATCTTTAGGTAT
GACTTGGTCTAAGATGCAGTTTTGCACGGCTTATTGTAACTTCTCTGAT
ATTACAGTGTTTGTTACGCATTGTTATGCAAGCGGGGTTGGTAAATGC
CCTTTAACAGGCCTTATTCAACAGAGTCACATTCGCATTTCTGCTATGA
GAAATGGTACTTTGTTTTATAATGCTACAGTTAGTACAAATAAGTATCC
CAGATTTAAGTCACTTCAATGTGTGGATAATTTCACATCTGTTTATTTA
AATGGTGATCTTGTTTTTACTAGTAATCATACTATTATAGTTAAAGAAG
CAGGTGTGTACTTTAAAGGGGGT.
Sequence alignment results revealed two distinct sequences due to mutation,
deletion and additions of nucleotides at different positions of S1 glycoprotein
gene. Samples originated from Sindh province had more number of sequence
variations as compared to the samples originated from Punjab province. There
was a deletion of “A” at base position 83 and 94 with reference to sequence reported with Accession No. EU822341. A deletion of six bases from position 358
to 363 was observed in all classic type strains including IBV strain from Sindh,
Pakistan. The IBV strain prevalent in Punjab province of Pakistan showed few
deletions as compared to reference sequence. Deletions at nucleotide position
177, 178 and 179 were found compared to the consensus sequence of IBV variant strains included in the study. In this study two novel mutations has been
identified at nucleotide position 177 and 178 in the IBV strains isolated from
Punjab province of Pakistan as depicted in Figure 1 and Figure 2.

Figure 1. Chromatogram IB nucleotides specificity in sequencing.
DOI: 10.4236/abb.2018.912044
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The strains circulating in the Punjab province was associated with QX and
4/91 strains of IBV. The technique was used to construct phylogenetic trees by
utilizing a computational tool of Molecular Evolutionary Genetics Analysis
(MEGA). The resemblance of strains isolated from Sindh province on the basis
of sequences compared to that of reference strains were mostly associated to
classic IBV as shown in Figure 3.

Figure 2. Multiple sequence alignment of S1 glycoprotein genes from different indigenous isolates including classic and variant
reference strains.

Figure 3. Phylogenetic tree showing various associations & linkages concerning classics and variant of IBV.
DOI: 10.4236/abb.2018.912044
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4. Discussion
The present study was conducted to monitor the incidence of infectious bronchitis in commercial chickens in Pakistan. This disease is of significant economic
concern for poultry producers in Pakistan [19] and around the globe [8]. The
IBV virus also has multiple serotypes. Within IBV more than 20 strains have
been identified worldwide [23]. These new strains arise due to rapid recombination, insertions, deletion or point mutation events are predominantly in the S1
(the spike protein gene) gene resulting in the generation of Massachusetts and
Arkansas IBV strains [24].
PCR based diagnosis of the IBV has also been common in diagnostic techniques now a days. The characterization of prevalent field strain in epidemic is
necessary to define vaccination strategies in the IBV exposed areas. Many vaccinal strains such as M-41, H120, W93, H52 and 4/91 are extensively used, but
they cannot induce effective immune response against IBV [25]. So, the current
study was designed with the specific focus to validate the molecular approach to
diagnose and further identify the strain of the IBV through sequencing of the
partial Spike glycoprotein gene. The field samples were detected positive for IBV
producing an amplified fragment of 840 bp and further assigned for the specific
strain by sequencing of the gene “Spike gene” responsible for pathogenicity.
Molecular characterization of the IBV is recommended by analysis of sequence
of the Spike gene. RT-PCR product cycle sequencing is being used to identify
field strains of IBV in many countries [26]. For rapid identification of IBV the
improvements in RT-PCR had been done [27]. While targeting the partial S1
subunit of Spike protein gene, S1 subunit contains the hyper variable unit which
has tendency to rapidly mutate over the short spans of time. The approach to
analyse only S1 subunit of Spike protein is quite enough to determine the strain
of IBV. However, in present study the region of Spike protein investigated was
increased to partial sequence of the S2 subunit as well in order to establish the
sequence variations in this region with characterization of IBV.
On the basis of phylogenetic tree and mutation deletion patterns in spike protein gene (S1 Glycoprotein) of IBV strain isolated from Punjab province belonged to the variant type. The neighbouring strains found in phylogenetic
tree were Accession No. AF193423.1, JN192154.1, GQ281656.1, AY279533.1,
JX173489.1, which all belong to the variant strains of IBV. The result of current
study corroborates with the findings of Rafique who revealed that strains of IBV
isolated from Pakistan showed maximum nucleotide homology with IBV 4/91
[28]. The IBV strains found in Punjab region of Pakistan exhibited slight variation from the reference sequences (Accession No. JX173489.1 and EU780077.2).
The finding of current study is concordant with the already reported sequences
(Accession No KF856873.1, GQ281656.1 and AY279533.1). This variation pattern assigns the strain prevalent in this region possess a unique identity which
although resides in variant group but with slightly altered sequence pattern.
The strain identified in Sind province of Pakistan belonged to the Classic
DOI: 10.4236/abb.2018.912044
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strain cluster of IBV. The neighbouring strains from reference data in the phylogenetic tree were Accession No. EU82234.1, KF188436.1, DQ001334.1, AJ311317.1
and FJ90471641, which all belong to Classic strain of IBV. The results are partially in agreement with the observation of Ahmed who observed that the commercial broiler and layer flock in Pakistan were seropositive with M-41 (88%)
and 4/91 (8%) strains [29].
Haemagglutination and virus neutralization test have been routinely carried
out to diagnose of IBV in different epidemics [29]. However, these techniques
cannot diagnose disease accurately due to phenomenon of indirect detection of
virus through IgG produced against the virus. Cross reactivity of IgG to be detected is another issue in interpreting the actual results. This study in contrast
authenticates the diagnosis of the virus by directly detecting the presence or absence of the genome of virus.
Effective vaccination strategies require accurate and authentic analysis of the
prevalent strain of IBV either classic or variant type [30]. The mutation or deletion patterns in spike protein gene confer the identity of the strain either classic
or variant. Current results could help the commercial farmers to design vaccinal
strategy for effective immunoprophylaxis against IB virus on the basis of confirmation of prevalent strain (variant) in the respective area. Furthermore, this
study could also provide the base for further investigation of the disease on molecular patterns which will define the molecular diagnostics and immunoprophylaxis strategies against viral diseases in near future.

5. Conclusion and Recommendation
The use of vaccinal strain in different areas of Pakistan for effective immunoprophylaxis shall be homologous to the indigenous wild strain of avian IBV.
Phylogenetic analysis of the isolates revealed that molecular sequences of IBV
strain which recovered from Sindh and Punjab province of Pakistan showed
close resemblance with IBV strain H120 and IBV 4/91 respectively. The use of
appropriate homologous strain in vaccines is the pre require of protective immunoprophylaxis in birds against IB virus. Molecular analysis of antibody neutralizing part IB antigen revealed the presence of only two strains across Sindh
and Punjab province of Pakistan. Whereas, there are many vaccinal serotypes
M-41, H120, W93, H52 and 4/91 are being used for immunoprophylaxis against
IBV in the commercial poultry but had not provided protection despite of
anti-IBV humoral response. The current study explored the cause of IBV vaccine
failure as S1 glycoprotein in each strain induced specific neutralizing antibody.
Therefore, it is recommended that selection of vaccine for effective immunization shall be according to the circulating wild type IBV strain of the respective
area.
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