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Abstract: The characterization of the newly emerged variant strains in the Egyptian field is important for
improving the control measures for avian infectious bronchitis virus (IBV) and understanding the cause of
recent outbreaks. Four isolates of IBV were selected from the isolates bank of the Reference Laboratory for
Veterinary Quality Control on Poultry Production (RLQP) from different provinces during 2010 and 2012.
We conducted a comparison between the selected field isolates sequences, other Egyptian isolates published
on the gene bank and the vaccinal strains of the commercial vaccines that are commonly used in Egypt.
The sequencing of full length S1 gene (Spike 1 glycoprotein) was done and phylogenetic tree of Egyptian
viruses was constructed; also nucleotide and amino acid identities were calculated. The results of phylogenetic
tree of the Egyptian viruses showed that the Egyptian IBV can be grouped into three main groups (classic,
IS/1494 like strains and new variant group).The amino acid homology percentages of the Egyptian variants
against vaccine strains indicate low correlation (77-85%) and thus, the demand for developing new vaccine is

increased.
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INTRODUCTION

Infectious Bronchitis is a highly contagious viral
disease of poultry [1]. It exists in most parts of the world
where poultry are reared with the ability of high spread
among non-protected birds with an incidence
approaching 100% [2].

This disease causes major economic losses not
only because of poor performance or decreased egg
production and quality, but also because of
secondary infections [3]. Infectious Bronchitis Virus
(IBV) belongs to Group 3 of the genus corona
virus, gamma corona virus [4]. The genome of IBV
contains  an enveloped single-stranded  and
positive-sense RNA of 27.6 kb [5]. The first 20 kb
encode the viral RNA-dependent, RNA polymerase
and proteases [2]. The rest of the genome encodes
the structural proteins, the spike (S) glycoprotein,
that is divided into S1 and S2 proteins, small membrane
(E) protein, an integral membrane (M), phosphorylated

nucleocapsid (N) protein, small non-structural proteins
(gene 3 and gene 5) and an Un Translated Region (UTR)
[6].

Natural outbreaks of IBV are often the result of
infections with viruses that differ serologically from the
vaccine strains [7]. Therefore, it is essential to know the
prevalent status of IBVs and the major circulating strains
in a region or country in order to select the appropriate
vaccines to prevent the disease. Thus, genotyping is so
important tool to serve this target.

S1 subunit is involved with infectivity as it contains
virus-neutralizing  epitopes and  serotype-specific
sequences [8, 9]. It is considered to be the inducer of
protection [8]. Additionally, cross-protection between
different strains tends to diminish as the degree of amino
acid identity between the S1 proteins decreases [1] and
the fact that IBV isolates with high S1 homology induce
a high degree of cross protection [10]. All this made S1
protein gene the main target for the molecular
identification of IBV.
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According to S1 sequence, variants that circulate in
the Middle East were classified into variant 1 strain as
793/B and variant 2 strains as [S/585/98 [11], along with
other unique strains like IS/885/00 [12] and Sul/01/09 [13]
which formed together a new group of variants. 1S/1494
was also reported in other close countries as Turkey [14].
Both of IS/885/00 and 1S/1494 are closer to variant 2 more
than variant 1. Recently in Egypt, it was reported that
both variants related to 1S/1494 [15] and variants related
to IS/885 [16, 17] are circulating in the field. The analysis
and identification of variant genotype depended on the
sequence of different regions of S1 gene not the whole
gene.

The objective of the present study is to compare the
circulating IBV strains with those of vaccine strains and
other Egyptian isolates through the sequence of the full
S1 gene in order to monitor the evolution of the IBV
Egyptian field strains.

MATERIALS AND METHODS

Virus Strains: Four IBV isolates were selected from
isolates bank in RLQP (Table 1). The four isolates were
chosen from outbreaks in (2010-2012) from different
provinces.

RNA Extraction and Conventional-PCR: RNA was
extracted from 140 ml infectious allantoic fluid with the
QIAamp® Viral RNA Mini Kit, Qiagen, Valencia,
California and USA according to the manufacturer’s
instructions. The primers for reverse transcriptase-
polymerase chain reaction (RT-PCR) are used to amplify
the complete S1 gene was manufactured by Metabion

Table 1: Details of the selected samples for the study

international AG primers, Martinsried, Germany. Each
isolate was amplified on two fragments; first fragment by
IB-F2 [18] and IBR [19] primers, second fragment was
amplified by IBF [19] and OLIGO 3' R [1] primers.

RT-PCR was accomplished by using the Qiagen one
step RT-PCR Kit (Qiagen, Valencia, USA). RT was
performed at 50°C for 30 minutes followed by initial
denaturation at 94°C for 15 minutes then PCR was
performed by 35 cycles of denaturation at 94°C for 30 s,
annealing at 54°C for 30 seconds, extension at 72°C for 1.5
minutes and final extension at 72°C for 10 minutes. The
reaction was conducted in Biometra T, thermal cycler
machine (biometra/Germany).

The PCR product was detected by electrophoresis on
1.5% agarose gel, stained with ethidium bromide (0.5 g/ml)
and then was visualized by using an ultraviolet trans-
illuminator (Gel documentation system -Alpha innotech,
USA).

Sequencing of the S1 Gene: The purification of the PCR
product was carried out using PCR purification kit
(Qiagen, Valencia, CA) according to manufacturer’s
instructions. RT-PCR amplicons for the IBV S1 gene were
sequenced directly with specific primers using BigDye
Terminator v3.1 Cycle Sequencing Kit (Foster city, USA)
on an automatic sequencer (Applied Biosystems 3130
genetic analyzer; sequencer machine, Hitachi, Japan).

Sequencing and Phylogenetic Analysis: Sequence
analysis was carried out on the region from nucleotide 151
to 1572 of S1 gene (according to H120). The sequence of
the selected IBV isolates was compared to reference and
vaccinal strains retrieved from gene bank (Table 2) where

Sample code Sample type Year Governorate Type of breeding
Egypt/12120S/2012 Kidney organ 2012 El-Dagahlya Broiler
Egypt/1265B/2012 Kidney organ 2012 El-Fayoum Layer
Egypt/12197B/2012 Tracheal swab 2012 Northern Sinai Broiler
Egypt/10674F/2010 Tracheal swab 2010 Giza Broiler

Table 2: Accession numbers of isolates included in this study including study isolates, other Egyptian isolates, reference and vaccinal strains:

Isolate ID Accession no. Isolate ID Accession no.
H120(vaccinal st) GU393335 CLEVB 2 JX173488
MaS5(vaccinal st) AY561713 1S/1494/06 EU780077
4/91 (vaccinal st) AF093793 1S/885 AY279533
D274(vaccinal st) X15832 Variant 1 AF093795
CR88121(vaccinal st) IN542567 Variant 2 AF093796
VAR233A(study isolate) JQ946056 Sul/01/09 GQ281656
VAR2-06(study isolate) JX027070 Egypt/F/03 DQ487085
VAR2(study isolate) JX027069 Egypt/10674F/2010 KC533681
IR/803/03(study isolate) HQ842711 Egypt/1265B/2012 KC533682
IR/491/08(study isolate) HQ842715 Egypt/12197B/2012 KC533683
CLEVB I(study isolate) JX173489 Egypt/12120S/2012 K(C533684
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multiple and pair wise sequence alignments were
constructed using the Bioedit Sequence Alignment Editor
program (Bioedit; version 7.1.3.0) [20]. Phylogenetic and
molecular evolutionary analyses were conducted using
MEGA version 5 [21] with a bootstrap Re-sampling
method (500 bootstraps).

The S1 gene nucleotide sequences of the four field
viruses were deposited in gene bank (Table 2).

RESULTS

RT-PCR: The optimized RT-PCR has successfully

amplified the targeted IBV genes based on the detection

of band of the expected sizes. Figure 1 shows the
detection of specific DNA bands of 1000 bp.

Nucleotide and Amino Acid Similarity: The sequenced
regions of 473 amino acid lengths of the four isolates of
this study (Egypt/1265B/2012, Egypt/12197B/2012,
Egypt/12120S/2012 and Egypt/10674F/2010) were aligned
and compared with all Egyptian IBV sequences available
in gene bank (Figure 2).

Three isolates were variant strains
(Egypt/1265B/2012, Egypt/12197B/2012 and
Egypt/12120S/2012). Nucleotide sequence alignments
between the three variant isolates and the five vaccinal
strains (H120, Ma5, CR88, D274 and 4/91) revealed point
mutations, short deletions and insertions in S1 region
(Table 3). Four regions were associated with high level of
mutations (Figure 2).

In comparison to the vaccine strains H120, 4/91, Ma5,
D274 and CR88, amino acids homology percentages of the
variant isolates (Egypt/1265B/2012), (Egypt/12197B/2012)
and (Egypt/12120S/2012) Shared low level of homology
with all vaccine strains (Table 4). Isolate
(Egypt/10674F/2010) showed low homology with vaccine
strains CR88, D274 and 4/91 meanwhile itshared 100%
nucleotide similarity and 100% amino acid similarity with
the vaccinal strains H120 and Ma5.

Amino acid identities indicated that the Egyptian
variant (Egypt/1265B/2012) is related to IS/1494 reference
strain with amino acid similarity 93%. However, its high
divergence ratio is (7%) to IS/1494, but it was the closest
strain to this isolate. Meanwhile, (Egypt/12197B/2012) and

Fig. 1: Agarose gel electrophoresis shows the result of PCR products of four isolates for the detection of the first and

second fragment of S1 gene
Lane 1: Ladder

Lane 2: B65 (first fragment)
Lane 3: S120 (first fragment)
Lane 4: B197 (first fragment)
Lane 5: F674 (first fragment)
Lane 6: positive control

Lane 7: negative control

Lane 8: B65 (second fragment)
Lane 9: S120 (second fragment)
Lane 10: B197 (second fragment)
Lane 11: F674 (second fragment)
Lane 12: Positive control

Lane 13: negative control

Lane 14: ladder
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Fig 2: Sequence alignment for the amino ac1ds of S1 gene for the 4 isolates of the study; 5 vaccinal strains and the
reference strains.

Table 3: Mutations, deletions and insertions of isolates of this study compared to the classic H120 strain
Point mutations

Isolate Total Active Silent Insertions Deletions Amino acid change
Egypt/1265B/2012 311 196 115 2 insertions (each with 3 nts) e 125 a.a. change
Egypt/12197B/2012 291 182 109 2 insertions (each with 3 nts) 1 deletion 110 a.a. change
Egypt/12120S/2012 291 180 111 2 insertions (each with 3 nts) 1 deletion 110 a.a. change
Egypt/10674F/2010 1 1 (e 1 a.a. change
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Table 4: Nucleotide and amino acid homology between isolates of this study compared to the vaccine strains

Amino acid identities

HI120 4/91 Mas D274 CR88 1265B 12197B 121208 10674F
H120 74% 100% 78% 75% 78% 77% 77% 100%
4/91 78% 74% 79% 93% 80% 79% 78% 74%
Mas 100% 78% 78% 74% 78% 77% 77% 100%
D274 80% 79% 80% 80% 85% 85% 85% 78%
CRS88 77% 96% 77% 79% 81% 80% 79% 74%
1265B 80% 79% 80% 83% 80% 94% 94% 78%
12197B 79% 78% 79% 84% 79% 94% 99% 77%
121208 79% 78% 79% 84% 78% 94% 99% 77%
10674F 100% 78% 100% 80% 77% 80% 79% 79%
Nucleotide identities
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Fig. 3: Phylogenetic tree depending on full S1 gene, the evolutionary history was inferred using the Neighbor-Joining
method [22].The analysis involved 22 amino acid sequences using gap deletion option. There were a total of 954
positions in the final dataset. Evolutionary analysis was conducted in MEGAS [21].

* Boxed isolates are isolates of the study

* Dark arrows indicate vaccine strains used in comparison.

(Egypt/12120S/2012) can be considered as a new variant
strain for they showed only 90-91% identity to IS/1494
strain. CLEVB 1 and CLEVB 2 are closely related to
IS/1494 with amino acid similarity 96 and 99%
respectively. While, Egypt/F/03 isolate had 98% amino
acid similarity to H120.

IS/1494, CLEVB 1 and CLEVB 2 were the closest
strains to the Egyptian variant strains of this study
(Egypt/1265B/2012, Egypt/12197B/2012 and
Egypt/12120S/2012).

Phylogenetic Analysis of Full S1 Sequences: To assess
the genetic relatedness among the IBV strains, a
phylogenetic tree was constructed with S1 amino acid
residues (Figure 3). The four IBV Egyptian isolates, that
were included in the tree, were located into two distinct
genetic groups.
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The first group is the classic group and it includes
the H120 like isolates (Egypt/10674F/2010).

The second group is the new variant group and this
group includes (Egypt/12197B/2012) and
(Egypt/12120S/2012).

The isolate (Egypt/1265B/2012) was located on
a separate branch from the second group. It was
located among the newly isolated variants
(Egypt/12197B/2012 and Egypt/12120S/2012) and other
Egyptian variant isolates (CLEVB-1 and CLEVB-2),
(Figure 3).

For the other Egyptian viruses that were
included also in the tree (Egypt/F/03, CLEVB-1 and
CLEVB-2), (Egypt/F/03) was located with the first
group (H120 like isolates); while CLEVB-1 and CLEVB-2
isolates formed another group which is (IS/1494 like
strains).
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DISCUSSION

This is the first study to our knowledge that made
full S1 gene analysis for the Egyptian IBV variant.
The importance of this new variant specifically comes
from the fact that it was disastrous for the poultry
industry in Egypt during the last three years. Therefore,
further analysis for this variant should be carried out as
we believe that the re-emergence of this variant is a matter
of time. Herein, we established a regime suitable for
sequencing full S1 gene of IBV Egyptian variants and
analysis for three variant isolates sequences.

Dependence on full S1 gene sequencing is much
more dependable than partial gene sequencing. Besides,
genotyping and phylogenic analysis are speculated to
differ according to which part of the S1 gene is analyzed
and also the length of sequenced region [23, 24].

In this study, four field isolates are sequenced and
three of them are characterized as variant strains and only
one of them is characterized as a classic strain. The isolate
(Egypt/10674F/2010) showed 100% amino acid similarity
to H120 vaccinal strain suggesting that this isolate is
related to vaccine strain. This raises the question of mis-
diagnosis between IBV infection and IBV vaccination
depending on RRT-PCR. Accordingly, for differentiation
between the vaccinal strain and the field isolate, it is
recommended to use the partial sequencing of HVR 1-2 or
HVR 3 of S1 gene [17], modifying other techniques as RT-
PCR with RFLP [25] or developing primers that can bind
specifically to the variants [26].

The main objective of this study is to find the
molecular diversity between the newly isolated Egyptian
variant and the vaccine strains used for IBV vaccination
in Egypt. Therefore, the five vaccine strains that are
widely used in Egypt (H120, Ma5, CR88, D274 and 4/91)
are compared to the newly isolated Egyptian variant.
None of the five vaccine strains provides similarity to the
Egyptian variant more than 85%, which seems to be
distant from being protective as only small changes in the
amino acid sequences of the spike protein can result in
generating new antigenic types that differ from the
existing vaccines types [27]. Furthermore, it was
mentioned that small changes as 5% in S1 gene had been
able to alter the protection ability of a vaccine [28]. Thus
a homologous vaccine against the new Egyptian variants
is essential for protection, however among the recently
existing vaccines, the D274 vaccinal strain looks to have
more advantage than any other vaccinal strains based on
molecular analysis and it may give acceptable results
nevertheless protective studies shall be conducted for
confirmation.
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Further identification of the three variant isolates by
phylogenetic analysis showed that new variants isolates
(Egypt/12197B/2012 and Egypt/12120S/2012) resemble a
new variant group that was thought to be the main reason
for 2012 IBV outbreak in Egypt.

Identifying the variant groups that circulate in the
Egyptian field does not receive much attention from
vaccine manufacturers’. This is obvious especially when
considering the fact that most of the live-attenuated
vaccines are from strains that are not isolated recently
from Egyptian field. Since 2005, both 4/91 and D274 had
no recent reports for isolation [29, 30]. Having in mind the
dynamic nature of IBV and rapid appearance of new
variants with disappearance of old variants, this elevates
the query of the old variants existence and raises the
question about the feasibility of their use as vaccine
strains in the field rather than using new variants.

A final issue to go through is identifying the
genotype of the new variant strain in Egypt. The most
recent studies in Egypt confirm the presence of variant
strains related to IS/1494 [15]; while another studies
speculate new variant group that circulates sub grouped
with IS/885 [16]. However, this speculation was through
the sequence of HVR 3 region only which we had
reservations on it. We made phylogenetic analysis for our
four isolates using HVR 3 amino acid sequences. Our
three variant isolates (Egypt/1265B/2012,
Egypt/12197B/2012 and Egypt/12120S/2012) were closer to
1S/885 than IS/1494 [31]. This result make us to doubt the
co-circulation of IS/885 variant and we suspect that the
confusion is due to the small region used for analysis.
Moreover, it is worth-mentioning that the limitation of
obtaining different results when sequencing different size
and location of the S1 region of the S gene was deduced
before [24]. We also assume that using full S1 gene for
analysis of same isolates from previous work [16, 17] may
lead to different phylogenetic grouping of these Egyptian
isolates.

CONCLUSION

IBV still resembles a complicated situation for
poultry  industry Egypt especially with the
appearance of the new variant group. Furthermore, the
possibility of co-circulation of other types of variants
exists; this directs our attention to the importance of
active surveillances as a tool for updating the data base
of IBV situation in Egypt. At last, we recommend the
dependence on sequencing of full S1 gene rather than
HVRs.
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