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Abstract

Aim: This study aimed to isolate some of the currently circulating infectious bronchitis virus (IBV) strains from some 
broiler chicken farms in Al-Hasa and to do some molecular characteristics of these strains.

Materials and Methods: We collected 300 tissue specimens, including the trachea, bronchi, lungs, and kidneys from 
some four commercial chicken farms showing respiratory manifestations. We tested these tissue specimens by the real-
time polymerase chain reaction (RT-PCR) and gel-based PCR. We selected some PCR positive samples for isolation in the 
embryonated chicken eggs (ECE). We sequenced some PCR-positive samples and conducted phylogenetic analysis based 
on the obtained sequences.

Results: Our molecular surveillance revealed that 31.6% of the tested specimens were IBV positive by PCR. We selected 
some positive specimens showing low Ct values by the qRT-PCR for virus isolation by the ECE. The infected eggs showed 
hemorrhage, dwarfing, and death in some cases after three passages in the ECE. We sequenced some of the positive PCR 
specimens and used the obtained sequences to draw the phylogenetic tree based on the partial IBV-ORF-1a, N, and S1 gene 
sequences. The phylogenetic trees based on the IBV-N and S1 gene sequences showed that the circulating IBV strains in 
Al-Hasa during 2016 was showing a high degree of identity to some strains from Taiwan and Italy. Meanwhile, the grouping 
of these strains based on the IBV-S1 sequences revealed that the currently circulating IBV strains in Al-Hasa belonged to 
Gr.I.7 along with strains from Taiwan.

Conclusion: Our results confirmed the continuous circulation of the IBV among the chicken population in Al-Hasa despite 
the intensive application of vaccines against this virus.
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Introduction

Infectious bronchitis virus (IBV) is a highly 
contagious respiratory viral disease of chickens of all 
ages. The IBV belongs to the order Nidovirales, family 
Coronaviridae, and genus Gammacoronavirus [1,2]. 
The IBV genome is a positive sense RNA molecule 
with a high tendency to frequent changes and recom-
bination. There is a high degree of genetic diversity 
among IBV strains. Until recently, there was no avail-
able system for the definite grouping and identifica-
tion of various IBV genotypes. One recent study used 
the combination between the phylogenetic analysis 
and the pairwise similarities on both the nucleotides 
and the amino acid levels to do fine mapping of the 
IBV genotypes [3]. This study used the full-length 
S1 gene sequences to develop a novel classification 

system for the IBV genotypes and lineages [3]. Based 
on the comparison of the coding sequence of the S1 
gene from 1652 IBV strains, they were able to cat-
egorize the currently circulating IBV strains into 6 
genotypes and 32 lineages [3]. The IBV infection usu-
ally causes high economic losses among the poultry 
industry. It is quite possible to become endemic in the 
chicken industry in some regions of the world. The 
virus has wide tissue tropism, including the respira-
tory, digestive, renal, and reproductive systems of the 
affected birds. It may affect the oviduct and lead to 
low production and low-quality eggs or may cause 
severe renal complications and mortality among the 
affected birds [4]. The IBV-infected birds usually 
shed the virus in their body secretions such as respi-
ratory and the gastrointestinal tract secretions. These 
birds may remain active shedders of the virus for up 
to several weeks post-infection [5]. Secondary bacte-
rial infections (Escherichia coli and Mycoplasma gal-
lisepticum) always exaggerate the viral pathogenesis 
and auscultate the mortality rates among the infected 
chicken population [6]. The IBV infections continue to 
be a major problem to the poultry industry worldwide. 
In spite of the availability of several IBV vaccines, the 
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virus continues to cause many outbreaks among the 
chicken farms in both broiler and layer settings [7].

Efforts to control spreading of the IBV infec-
tions through vaccination resulted in some variable 
outcomes. Many IBV strains and serotypes have 
emerged since its discovery >80 years ago; mean-
while, the misuse of the IBV vaccines complicates the 
evolution and emergence of new IBV strains [8]. One 
possible explanation for the emergence of new IBV 
strains is the poor proofreading capability of the viral 
RNA polymerase. This resulted in high mutation rates 
alongside the viral genome. This leads to the emer-
gence of new IBV strains occasionally [9,10]. Many 
IBV vaccines are commercially available, including 
inactivated, live attenuated, and recombinant. The 
live-attenuated vaccines are the most commonly used 
in all types of poultry; these provide a good immune 
response; however, there is a possibility of revert to 
virulence. Meanwhile, the inactivated vaccines are 
usually administered to layers and breeder’s chickens 
before the laying time as booster vaccines [11,12].

The IBV infection in chicken was first reported 
in Saudi Arabia in 1984 in field samples by the real-
time polymerase chain reaction (RT-PCR) using N 
primers [13]. Another study reported the circulation 
of the IBV/4/91 serotype in Saudi Arabia in 2000 
using the partial S gene [14]. Several IBV genotypes 
were previously reported in Saudi Arabia, including 
CH/CK/LDL/971, IS/720/99, ISVariant2/98, and the 
D24 [15]. We recently reported the circulation of very 
virulent IBV strains in chicken farms from Eastern 
Saudi Arabia [16].

Several IBV variants and genotypes are currently 
circulating in the Middle East, Asia, and North Africa 
such as Iraq, Egypt, Libya, Iran, and Jordan [17]. 
Furthermore, many outbreaks were reported in Saudi 
Arabia, especially in the central region of the coun-
try [15,18,19]. However, the full molecular character-
ization of these IBV strains and variants is not well 
reported yet.

This study aimed for isolation and molecular 
characterization of the IBV circulating strains of the 
IBV in Al-Hasa in the eastern region of Saudi Arabia. 
This region is one of the major hubs for intensive 
poultry production in Saudi Arabia.
Materials and Methods

Ethical approval

We conducted this study according to the King 
Faisal’s University Animal Ethics protocols and the 

National Committee of Bio-Ethics, King Abdul-
Aziz City of Science and Technology, Royal Decree 
No. M/59 (http://www.kfsh.med.sa/KFSH_WebSite/
usersuploadedfiles%5CNCBE%20Regulations%20
ENGLISH.pdf). The Animal Ethics Committee of the 
King Faisal’s University approved this protocol.
Sample collection and processing

We conducted molecular surveillance for IBV on 
some chicken farms across Al-Hasa from November 
2015 to April 2016. Birds in these farms were suffer-
ing from acute respiratory signs and high morbidity 
and mortality rates. These outbreaks were mapped 
around three major cities in the Al-Hasa province 
(Table-1), Saudi Arabia (Al-Hufuf, Mahasen, and 
Almubarez). 100 tissue specimens (trachea, lung, and 
kidney) representing four suspected IBV outbreaks 
were collected. These samples were stored at −80°C 
for further processing. Briefly, 1 g per each tissue 
specimens was ground in a sterile mortar mixed with 
9 ml of phosphate-buffered saline (PBS) and sterile 
sands. Tissues were then centrifuged at 5000 rpm for 
15 min. The supernatants were harvested and stored at 
−80°C until use.
Isolation of IBV through embryonated chicken eggs 
(ECE)

Isolation of the currently circulating IBV strains 
from some poultry farms in Al-Hasa was carried out 
by the inoculation of the ECE. We used 9-11 days’ 
chicken embryos from native breeds (non-IBV vac-
cinated) and proved to be IBV-negative antibodies 
by ELISA. The inoculum was prepared as follows; 
IBV-suspected tissue suspensions were centrifuged 
for 10 min at 5000 rpm. Antibiotic mixture was added 
(penicillin and streptomycin) to each tissue suspen-
sion. We used 100 µl per each tissue suspension to 
inoculate through allantoic route into five embryo-
nated eggs [20]. The inoculated eggs were incubated 
at 37°C. Negative control PBS-inoculated eggs were 
done in parallel to the experimental infection of the 
ECE. We observed the inoculated eggs daily by can-
dling for or up to 3 days post-inoculation. Any early 
deaths within 24 h post-inoculations were excluded 
due to the non-specific trauma-related death [21].
Viral RNA extraction

The total viral RNAs were extracted from tissue 
using the QIAamp Viral RNA Mini Kit (Qiagen cat. 
NO. 52906 Qiagen, Germany] as per the manufactur-
er’s recommendations. The eluted viral RNAs were 

Table-1: Summary of the collected tissue specimens and their geographical distribution 2015-2016.

No Type Date of collection Age/days Signs Number of chicken Organs Farm No.

1 B 10/2015 14-21 RS 40 Lu, T, K 4
2 B 11/2015 14-21 RS 15 Lu, T, K 10
3 L 2/2016 14-21 RS 20 Lu, T, K 8
4 L 4/2016 14-21 RS 25 Lu, T, K 9
Total 100 300

B=Broiler, L=Layer, RS=Respiratory signs, Lu=Lung, T=Trachea, K=Kidney
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stored at −80°C for further testing. The positive con-
trol (the commercial live IBV-H120 vaccine for IBV, 
Veterinary Vaccine Production Centre, KSA) was 
processed in parallel to each batch of specimens as 
described above.
The qRT-PCR

The RT-PCR was performed using the IBV RT 
commercial kits (Subang Jaya, Selangor DE, Malaysia) 
(qPCR/RT-Qpcr kits Kestrel BioScience LLC, Doc.
No. cat# AV1007011). The reactions were conducted 
as per the kit’s instructions with some minor modifi-
cations. Briefly, each reaction consisted of 2×RT-PCR 
master mix (10 µl, IBV PPM 1 µl, PPM IEC 1 µl, 
nuclease-free water 3 µl, and 5 µl of RNA template) 
in a total reaction volume of 20 µl. Meanwhile, we 
used 5 µl of nuclease-free water as negative control. 
Furthermore, a positive control reaction was carried 
out in parallel to each run. Duplicate reactions were 
done per each specimen. The cycling parameters were 
55°C for 10 min, then 95°C for 8 min, followed by 
50 cycles at 95°C for 10 s, and 60°C for 1 min.
Oligonucleotides

We designed some primers to amplify the partial 
IBV-N gene. We designed the IBV-N primers based 
on the IBV-N (accession no: KT762154). The nucle-
otide sequences of the used IBV-N gene are IBV-NF 
(5’-CGCTGGAGAATTTCCTCTTG-3’) and the 
IBV-NR (5’-CTAGTCCCTAGCAGCCATGC-3’). 
Meanwhile, we used the following primers, IBV-
S1F (5’-ACCGGCTGATGGATGGCAT-3’) and the 
IBV-S1 (5’-TTGCTTACAACCACCCTGTAG-3’), 
to amplify the partial IBV-S1 gene.
 The reverse-transcriptase polymerase chain reac-
tion (RT-PCR)

The RT-PCR reactions were conducted in a 
25 µl reaction volumes using the one-step RT-PCR 
kit (Qiagen, Valencia, CA NO. 210212). The reactions 
were conducted as per the manufacturer’s instructions. 
The reaction mixture consists of 10 µl of 5×reaction 
buffer, 2 µl of each primer, 2 µl of enzyme mixture, 
2 µl of dNTP mixture (400 µM of each dNTP), 3 µl 
of the RNA template, and 4 µl of RNase-free water. 
Reverse transcription was started at 50°C for 30 min; 
initial Taq polymerase activation was performed at 
95°C for 15 min, along with 40 cycles of denaturation 
at 94°C for 1 min, annealing at 55°C for 1 min, and 
then extensions at 70°C for 1 and 10 min.
Agarose gel electrophoresis

For visualization of the amplified PCR products, 
electrophoresis of 10 µl of each PCR products on 1% 
agarose gel was performed. This was done under the 
ultraviolet light and photographed by the Bio-Rad gel 
documentation system. 10 µl of per each PCR product 
was mixed with 3 µl of the loading buffer (blue/orange 
loading dye, Roche). A 100-bp, ready-to-load DNA-
marker ladder was loaded in a separate, parallel lane.

Next-generation sequencing

We processed a confirmed PCR-ECE-P3-IBV 
isolate for sequencing by the Illumina next-genera-
tion sequencing approach. We used this approach to 
decode the partial-length genome sequences of this 
IBV isolate as previously described [22].
Phylogenetic analysis

We constructed the phylogenetic tree based on 
the obtained partial IBV-ORF1-a, IBV-N, and S1 gene 
sequences. We constructed the tree using the multi-
ple alignments of these sequences with other IBV 
sequences retrieved from the GenBank done using the 
Mega-7 package, and phylogenetic analysis was done 
by the maximum likelihood method using the best-fit 
model determination and at least 500 bootstrap rep-
licates as previously described [23]. Meanwhile, we 
used the Mega-7 software to calculate the pairwise 
distances between our IBV-S1 sequence and the avail-
able sequences from the GenBank.
Statistical analysis

We applied the non-probability sampling strat-
egy for our specimen collection with incidental 
assignment approach as previously described [24].
Results

Clinical signs and postmortem lesions of IBV-infected 
chickens in Al-Hasa, 2015-2016

The IBV infection in chickens produces a wide 
range of clinical syndromes. Some birds showed 
respiratory manifestation in terms of coughing, sneez-
ing, and nasal discharges. Necropsy examination of 
some IBV-infected birds revealed serous, catarrhal, or 
caseous exudate in the tracheal, nasal passage, sinus, 
and bronchi congestion (Figure-1a). The edema of 
the lungs, cloudy or fibrinous inflammation of the air 
sacs, occasionally contains a yellow caseous exudate. 
Edema and swelling of the kidneys were observed in 
some birds (Figure-1b).

Figure-1: Postmortem lesions of the infectious bronchitis 
virus (IBV)-infected chickens in Al-Hasa region 2015-2016. 
(a) PM lesions of the IBV-infected chicken trachea showing 
congestion and hemorrhage of the tracheal mucosa and 
presence of hemorrhagic plug at the tracheal lumen. 
(b) Kidney of infected chicken infected with IBV showing 
congestion, swollen, and distinct lobos on the necropsy 
examination.

a b
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Molecular surveillance of IBV among some chicken 
farms in Al-Hasa 2015-2016

We conducted molecular surveillance to check 
the prevalence of IBV across the Al-Hasa from 
October 2015 to April 2016. We investigated four IBV 
outbreaks across the Al-Hasa province by the RT-PCR 
(Table-1). We tested 100 chickens’ specimens from 

non-vaccinated chickens using tissue specimens 
from the trachea, lungs, and kidneys by the RT-PCR 
technique. Our overall results showed that 19 pooled 
chickens’ tissue specimens were positive of 60 tested 
samples (31.6%). Simply, specimens from farm No: 
8 is showing that 6 out of 12 specimens (50%) were 
positive. In the case of farm No: 4, 8 of 24 (33.33%) 
were IBV positive. However, three specimens of nine 
tested from one particular chicken farm were positive 
in case of farm No: 10. Interestingly, only two speci-
mens from poultry farm on the farm No: 9 were posi-
tive of 15 tested specimens (13.33%) (Table-2).

We already tested different tissue specimens, 
including the trachea, lungs, and kidneys, from some 
suspected IBV-infected birds. Our results are showing 
that 11 tracheal tissue specimens of 20 were positive, 
while 6 lung specimens of 20 were positive; mean-
while, only two specimens from the kidneys were pos-
itive (Table-3).
Isolation of IBV strains from some chicken farms in 
Al-Hasa 2015-2016

We processed 15 specimens (trachea, lungs, and 
kidneys) after pooling from three IBV outbreaks. We 
did the propagation for three passages. The IBV isola-
tion was successful only in case of two specimens. The 
first specimen was collected from an RT-PCR-IBV-
positive chicken trachea collected from farm no. 7. 
The second specimen was collected from positive 
IBV-RT-PCR lungs collected from chicken farm no. 5 
area (Table-4). However, isolation from the inoculated 
kidney tissues from farm no. 3 was not successful 
(Table-4). The IBV infection of the ECE resulted in 
many pathological changes on the inoculated embryos 
such as dwarfing, congestion, hemorrhage, and death 
at different time points. No pathological changes, 
alteration, or death was reported in the negative con-
trol group of embryonated eggs in the three subse-
quent passages.

We used three tissue suspensions (trachea, lungs, 
and kidneys) from three specimens representing three 
different IBV outbreaks in some chicken farms from 
Al-Hasa region. We followed up these three inoculums 
on the ECE for three subsequent passages. The IBV-
infected tracheal specimen caused death and induced 
some pathological changes in two embryos from the 
inoculated embryos in the three passages. However, 
one of them showed no pathological changes or death 
at the end of the experiment. Meanwhile, the IBV-
infected lung tissue specimens showed that only one 
embryo was affected per each passage.

Table-2: Summary of the results PCR tested sample tissues from chickens across Al-Hasa 2014-2016.

Farm No. Number of chicken Organs No. Pooling +Ve −Ve % (+Ve)

4 40 120 24 8 16 33.33
10 15 45 9 3 6 33.33
8 20 60 12 6 6 50
9 25 75 15 2 13 13.33
Total 100 300 60 19 41 31.67

PCR: Polymerase chain reaction

Table-3: Summary of the RT-PCR testing of suspected 
IBV tissue specimens from farms around Al-Hasa region 
2014-2016.

Type of specimen No (+Ve) (−Ve) % (+Ve)

T 100 11 9 55
Lu 100 6 14 30
K 100 2 18 10
Total 300 19 41 31.67

No=number of birds, Lu=Lung, T=Trachea, K=Kidney, 
IBV=Infectious bronchitis virus, RT-PCR=Real-time 
polymerase chain reaction

Figure-2: Isolation of the infectious bronchitis virus (IBV) 
strains using the embryonated chicken eggs. Isolation and 
propagation of the circulating IBV strains from chicken 
farms in Al-Hasa chicken farms 2015-2016 using ECE in 
three subsequent passages (P1-P3). The 10 days old, ECE 
inoculated with some selected IBV tissue suspensions 
trachea (c), lung (a), and kidney (f). Panels A and C are 
showing some pathological changes in the IBV-inoculated 
embryos (congestion, hemorrhage, malformation, 
and underdeveloped feathers). Panel F (kidney tissue 
suspensions) is showing that none of the inoculated 
embryos had any pathological changes. Panels B, D, and 
E are the sham phosphate-buffered saline negative control 
embryos showing normal size and no pathological changes.
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Confirmation of the identity of the IBV-infected spec-
imens by the RT-PCR

We used commercial available RT-PCR kits to 
confirm the identity of some suspected IBV-infected 

chicken tissues, as well as some fluids from the 
embryonated egg passages. We carried out the 
RT-PCR amplification for three representative spec-
imens from the ECE passages P-1-3. Meanwhile, we 

Table-4: Summary of the isolation of IBV from a field outbreak in some chicken farms in and around Al-Hasa region.

No. Farm No. Specimen Number Pooling P1 P2 P3

+Ve −Ve +Ve −Ve +Ve −Ve

1 7 T 15 3 2 1 2 1 2 1
2 5 Lu 15 3 1 2 1 2 1 2
3 3 K 15 3 - 3 - 3 - 3
Total 45 9 3 6 4 5 4 5

IBV=Infectious bronchitis virus

Figure-3: Phylogenetic analysis based on the partial ORF-1a gene for the circulating infectious bronchitis virus (IBV) 
strains from some chicken farms in Al-Hasa region 2015-2016. Phylogenetic tree of the obtained partial Saudi IBV-ORF-1a 
gene isolated from Al-Hasa region 2015-2016. The maximum likelihood phylogenetic tree based on the partial IBV-ORF-1a 
gene. The bootstrap is 1000. The reported local IBV sequences clustered together with other QX-IBV strains from the UK. 
A red triangle marks the reported sequence in this study.
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already included six original specimens from the IBV-
suspected outbreaks from different farms, including 
some pooled tissue specimens (trachea, lungs, and 
kidneys). Furthermore, we already included the IBV 
vaccine as a positive control of the reaction in addition 
to the kits positive control in the reactions.  In addi-
tion to a negative control used a non-DNA template. 
Our results show that 6/9 (66.67%) of the three tested 
specimens representing embryonated eggs passages 
1-3 were positive. Three specimens from selected IBV 
specimens were positive, as shown in Figure-2.
Phylogenetic analysis of the currently circulating IBV 
strains in Al-Hasa regions 2015-2016

Based on the reported IBV-ORF1a sequences, 
these strains were closely related to IBV-L1148 
strains (Figure-3). The phylogenetic tree based on the 
partial IBV-S1 genes revealed that these strains were 
closely related to other IBV strains from Taiwan and 

Italy (Figure-4). The evolutionary relationship anal-
ysis based on the IBV-S1 sequences confirmed the 
S1-based analysis (Figure-4). The phylogenetic anal-
ysis based on the generated IBV-N gene sequences 
clearly showed that the circulating strains were 
closely related to the IBV strain reported from Taiwan 
and China (Figure-5).

Both the pairwise distance (Table-5) and the 
phylogenetic analysis based on the generated IBV-S1 
sequences of our isolates confirmed the blast results 
(Figures-4 and 5).
Discussion

The geographical distribution of the suspected 
outbreaks represents different regions across the 
Al-Hasa. Some chicken farms were selected around 
the Al-Hasa region as targets for our study. Some of 
these farms were reporting IBV outbreaks based on 

Figure-4: Phylogenetic analysis based on the partial S1 gene for the circulating infectious bronchitis virus (IBV) strains 
from some chicken farms in Al-Hasa region 2015-2016. Phylogenetic tree of the obtained partial Saudi IBV-S1 gene 
isolated from Al-Hasa region 2015-2016. The maximum likelihood phylogenetic tree was based on the partial IBV-S1 gene. 
The bootstrap is 1000. The reported local IBV sequences clustered together with other IBV strains from Italy and Taiwan. 
A red triangle marks the reported sequence in this study.
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the obvious clinical signs and post-mortem lesions, 
while birds in some others were apparently healthy. 
The clinical examination of the affected birds showed 
depression, ruffled feathers, loss of the body weight, 
respiratory rales, nasal discharge, and lachrymal 
discharge (data not shown). Necropsy examination 
of some affected birds revealed congested trachea, 
caseous and bloody plugs at the tracheal bifurcations 
(Figure-1a), congested lungs, and swollen kidneys 
(Figure-1b) in some cases. These clinical signs are 
very much typical of the IBV pattern of infection in 
poultry farms [25]. We conducted molecular surveil-
lance for IBV among some IBV chicken outbreaks in 
Al-Hasa region 2014-2016. We selected some tissue 
specimens to be tested by the commercial IBV-RT 
PCR kits. Our results are showing that six specimens 
of nine (66.67%) were IBV positive (Table-4). We 
also selected some of these positive IBV specimens 

for the propagation and isolation of the currently cir-
culating strains by the ECE. We assessed the success 
of the IBV isolation in two different ways. First, the 
inoculated embryos showed pathological changes 
relevant to the standard IBV inoculation in the ECE. 
These changes were in the form of congestion, dwarf-
ing, hemorrhage, and death of the inoculated embryos. 
Second, we were able to detect the IBV signal by doing 
RT-PCR assays on the ECE tissues and fluids from 
different egg passages (data not shown). Furthermore, 
we confirmed the propagation of the IBV on the ECEs 
by another method using the truncated IBV-N primers 
through the RT-PR technique.

We conducted an IBV molecular surveillance 
among some selected chicken farms in Al-Hasa region 
by the RT-PCR technique using the conserved IBV-N 
primers. We tested 100 specimens from layers, and 
broiler non-vaccinated chicken’s flocks represented 

Figure-5: Phylogenetic analysis based on the partial N gene for the circulating infectious bronchitis virus (IBV) strains from 
some chicken farms in Al-Hasa region 2015-2016. Phylogenetic tree of the obtained partial Saudi IBV-S1 gene isolated 
from Al-Hasa region 2015-2016. The maximum likelihood phylogenetic tree was based on the partial IBV-N gene. The 
bootstrap is 1000. The reported local IBV sequences clustered together with other IBV strains from Taiwan and China. A red 
triangle marks the reported sequence in this study.
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four suspected IBV outbreaks across the Al-Hasa. 
These tissue specimens were collected from vari-
ous organs of the affected birds such as the trachea, 
lungs, and kidneys. We did pooling five organs per 
each tube considered as one specimen. We found that 
19/60 specimens (31.67%) were positive (Table-4). 
Our results also showed that 11/20 (55%) of the tested 
trachea were positive, while 6/20 (30%) lungs were 
positive. However, 2/20 (10%) tested kidneys were 
IBV positive (Table-4).

We used the generated sequences of three inde-
pendent genes (ORF1a, S1, and N) in the IBV genome 
to do the phylogenetic analysis of the circulating 
strains in Al-Hasa region during 2016. We found great 
overlapping and consistency of the phylogenetic anal-
ysis based on the IBV-S1 and N genes. The reported 
sequences were closely related to other IBV strains 
reported in Taiwan, Italy, and China (Figures-3-5). 
This high identity to foreign IBV strains may be due 
to that Saudi Arabia does import chickens from differ-
ent countries including UK, China, Italy, and Taiwan. 
However, the IBV-ORF1a sequences revealed that 
these strains were related to other IBV strains belong-
ing to the IBV-QX strain (L1148) (Figure-3). It is well 
known that there is a great diversity of S1 gene among 
IBV strains, which make it a strong candidate for the 
IBV classification [26]. Furthermore, novel variations 
were reported among most of the IBV-N gene [27,28]. 
This is suggesting the potential use of some IBV-S1 
and maybe IBV-N genes for the classification of dif-
ferent IBV strains as described [3].

Our results confirmed recent reports about the cir-
culation of different IBV strains in the kingdom and the 
eastern region in specific [15,29]. This indicates a wide 
distribution of IBV in the Al-Hasa in the Kingdom in 
general. In spite of the massive application of IBV vac-
cines in chicken farms under study, IBV is circulating, 
and thus, the currently used IBV vaccines under field 
conditions did not provide enough protection against 
the IBV infection. Another challenge in the context of 
this vaccination failure is the possibility of circulating 
of novel IBV strains that do not share any antigenic 
relationship with the currently used vaccines, and thus, 
protection cannot be achieved. We believe that IBV 
will continue to hit several chicken farms in the region 
and many other parts in the world. Further studies are 
highly recommended to do thorough molecular char-
acterization of the currently circulating and the possi-
ble emerging IBV strains; thus, protection was usually 
achieved through the preparation of the homologous 
relevant specific IBV vaccines.
Conclusion

IBV continues to pose a great risk to the poultry 
industry in the Al-Hasa, Saudi Arabia. There is con-
tinuous circulation of the IBV between the broiler and 
layer chicken in this area. The currently circulating 
strains of the IBV belong to the Gr.I-17 along with 
other genotypes from Taiwan, China, and Italy.

Authors’ Contributions

MGH designed and performed the experiments, 
oversee the entire work, and performed data analysis 
and interpretation. MuAA conducted the fieldwork, 
performed some laboratory experiments, and drafted 
the manuscript. MoAA helped in the data analysis 
and reading of the manuscript. All authors read and 
approved the final version of the manuscript.
Acknowledgments

This work was funded by a grant from the 
King Abdul-Aziz City for Science and Technology, 
Saudi Arabia (Grant No: AT-35-279). We thank the 
Deanship of Scientific Research at the King Faisal 
University, Saudi Arabia for financial support (Grant 
No: 152010).
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References

1. Hackney, K., Cavanagh, D., Kaiser, P. and Britton, P. (2003) 
In vitro and in ovo expression of chicken gamma interferon 
by a defective RNA of avian coronavirus infectious bron-
chitis virus. J. Virol., 77(10): 5694-5702.

2. Mardani, K., Noormohammadi, A.H., Hooper, P., 
Ignjatovic, J. and Browning, G.F. (2008) Infectious bron-
chitis viruses with a novel genomic organization. J. Virol., 
82(4): 2013-2024.

3. Valastro, V., Holmes, E.C., Britton, P., Fusaro, A., 
Jackwood, M.W., Cattoli, G. and Monne, I. (2016) S1 
gene-based phylogeny of infectious bronchitis virus: An 
attempt to harmonize virus classification. Infect. Genet. 
Evol., 39 : 349-364.

4. Ignjatovic, J. and Sapats, S. (2000) Avian infectious bron-
chitis virus. Rev. Sci. Tech., 19(2): 493-508.

5. Jahantigh, M., Salari, S. and Hedayati, M. (2013) Detection 
of infectious bronchitis virus serotypes by reverse tran-
scription polymerase chain reaction in broiler chickens. 
Springerplus, 2(1): 36.

6. Ji, J., Xie, J., Chen, F., Shu, D., Zuo, K., Xue, C., Qin, J., Li, 
H., Bi, Y., Ma, J. and Xie, Q. (2011) Phylogenetic distribu-
tion and predominant genotype of the avian infectious bron-
chitis virus in China during 2008-2009. Virol. J., 8 : 184.

7. Dhama, K., Singh, S.D., Barathidasan, R., Desingu, P.A., 
Chakraborty, S., Tiwari, R. and Kumar, M.A. (2014) 
Emergence of avian infectious bronchitis virus and its vari-
ants need better diagnosis, prevention and control strategies: 
A global perspective. Pak. J. Biol. Sci., 17(6): 751-767.

8. Mase, M., Inoue, T., Yamaguchi, S. and Imada, T. (2008) 
Genetic diversity of avian infectious bronchitis viruses in 
Japan based on analysis of s2 glycoprotein gene. Avian 
Pathol., 71(3): 287-291.

9. Dolz, R., Pujols, J., Ordóñez, G., Porta, R. and Majó, N. 
(2008) Molecular epidemiology and evolution of avian 
infectious bronchitis virus in Spain over fourteen years. 
Virology, 374(1): 50-59.

10. Jackwood, M.W., Hall, D. and Handel, A. (2012) Molecular 
evolution and emergence of avian gammacoronaviruses. 
Infect. Genet. Evol., 12(6): 1305-1311.



Veterinary World, EISSN: 2231-0916 433

Available at www.veterinaryworld.org/Vol.12/March-2019/12.pdf

11. Jordan, B. (2017) Vaccination against infectious bronchitis 
virus: A continuous challenge. Vet. Microbiol., 206: 137-143.

12. van Beurden, S.J., Berends, A.J., Krämer-Kühl, A., 
Spekreijse, D., Chenard, G., Philipp, H.C., Mundt, E., 
Rottier, P.J.M. and Verheije, M.H. (2018) Recombinant live 
attenuated avian coronavirus vaccines with deletions in the 
accessory genes 3ab and/or 5ab protect against infectious 
bronchitis in chickens. Vaccine, 36(8): 1085-1092.

13. Zwaagstra, K.A., van der Zeijst, B.A. and Kusters, J.G. 
(1992) Rapid detection and identification of avian infec-
tious bronchitis virus. J. Clin. Microbiol., 30(1): 79-84.

14. Cavanagh, D., Picault, J.P., Gough, R., Hess, M., Mawditt, 
K. and Britton, P. (2005) Variation in the spike protein of 
the 793/B type of infectious bronchitis virus, in the field and 
during alternate passage in chickens and embryonated eggs. 
Avian Pathol., 34(1): 20-5.

15. Ababneh, M., Dalab, A.E., Alsaad, S. and Al-Zghoul, M. 
(2012) Presence of infectious bronchitis virus strain CK/
CH/LDL/97I in the Middle East. ISRN Vet. Sci., 2012 : 6.

16. Hemida, M.G., Al-Hammadi, M.A., Daleb, A.H.S. and 
Gonsalves, C.R. (2017) Molecular characterization and 
phylogenetic analyses of virulent infectious bronchitis 
viruses isolated from chickens in Eastern Saudi Arabia. 
Virus Disease, 28(2): 189-199.

17. Zanaty, A., Arafa, A.S., Hagag, N. and El-Kady, M. (2016) 
Genotyping and pathotyping of diversified strains of infec-
tious bronchitis viruses circulating in Egypt. World J. Virol., 
5(3): 125-134.

18. Awad, F., Baylis, M. and Ganapathy, K. (2014) Detection 
of variant infectious bronchitis viruses in broiler flocks in 
Libya. Int. J. Vet. Sci. Med., 2(1): 78-82.

19. Selim, K., Arafa, A.S., Hussein, H.A. and El-Sanousi, A.A. 
(2013) Molecular characterization of infectious bronchitis 
viruses isolated from broiler and layer chicken farms in 
Egypt during 2012. Int. J. Vet. Sci. Med., 1(2): 102-108.

20. Guy, J.S. (2008) Isolation and propagation of coronaviruses 
in embryonated eggs. Methods Mol. Biol., 454 : 109-117.

21. OIE. (2013) Infectious Bronchitis Disease. In: OIE Manual 
of Diagnostic Tests and Vaccines for Terrestrial Animals. 
World Organisation for Animal Health, Paris.

22. Reddy, V.R., Theuns, S., Roukaerts, I.D., Zeller, M., 
Matthijnssens, J. and Nauwynck, H.J. (2015) Genetic char-
acterization of the Belgian nephropathogenic infectious 
bronchitis virus (NIBV) Reference strain B1648. Viruses, 
7(8): 4488-4506.

23. Kumar, S., Stecher, G. and Tamura, K. (2016), MEGA7: 
Molecular evolutionary genetics analysis version 7.0 for 
bigger datasets. Mol. Biol. Evol., 33(7): 1870-1874.

24. Sneath, P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy 
Freeman. The Principles and Practice of Numerical 
Classification. Freeman, San Francisco. Medical Research 
Council Microbial Systematics Unit, Univ. Leicester, 
England and Dept. Ecology and Evolution, State Univ. 
New York, Stony Brook, NY.

25. Najafi, H., Langeroudi, A.G., Hashemzadeh, M., 
Karimi, V., Madadgar, O., Farahani, R.K., Ghafouri, S.A., 
Maghsoudloo, H., Seifouri, P. and Madhi, A. (2017) 
Pathogenicity study of Iranian genotype of avian infectious 
bronchitis virus (IR-1). Vet. Res. Forum, 8(1): 35-41.

26. Lin, T.L., Loa, C.C. and Wu, C.C. (2004) Complete 
sequences of 3’ end coding region for structural protein 
genes of turkey coronavirus. Virus Res., 106(1): 61-70.

27. Sapats, S.I., Ashton, F., Wright, P.J. and Ignjatovic, J. (1996) 
Novel variation in the N protein of avian infectious bronchi-
tis virus. Virology, 226(2): 412-417.

28. Wang, C.H. and Tsai, C.T. (1996) Genetic grouping for the 
isolates of avian infectious bronchitis virus in Taiwan. Arch. 
Virol., 141(9): 1677-1688.

29. Al-Afaleq, A., Mohamed, M.H.A. and Al-Hammad, Y.M. 
(2014) Molecular survey and phylogenic analysis of infec-
tious bronchitis virus (IBV) circulating among chicken 
flocks in Riyadh Province, Saudi Arabia. J. Anim. Vet. Adv., 
13(16): 1002-1008.

********


