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Abstract Five avian infectious bronchitis virus (IBV)
isolates were isolated from broiler chickens showing respi-
ratory and renal lesions. The isolated strains were charac-
terized by reverse transcriptase polymerase chain reaction
and sequence analysis of the hypervariable region 3 of the S1
spike glycoprotein gene. Three out of five isolates formed a
distinct phylogenetic group with the Egypt/Beni-Suef/01
variant (Var 1). Two of the five isolates showed 89 and 84 %
amino acid sequence identity and 89 and 88 % nucleotide
sequence identity to the Egyptian variant 1 and the IS/885
strains, respectively. The Ck/Eg/BSU-2/2011 and Ck/Eg/
BSU-3/2011 strains showed 15 and 20 and 12 and 18 amino
acid substitutions relative to Egypt/Beni-Suef/01 and IS/885,
respectively. The results indicate that Ck/Eg/BSU-2/2011
and Ck/Eg/BSU-3/2011 can be considered a new IBV vari-
ant. This study demonstrates a constant evolution of IBV in
Egypt that necessitates continuous monitoring to control the
spread of infections, and the development and use of vac-
cines based on indigenous viruses.
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Avian infectious bronchitis virus (IBV) is a positive-sense,
single-stranded RNA virus belonging to the order
Nidovirales, family Coronaviridae, genus Gammacorona-
virus [5]. To date, dozens of different genotypes of IBV
have been identified all over the world [9]. The IBV genome
encodes four main structural proteins: phosphorylated
nucleocapsid protein (N), membrane glycoprotein (M),
spike glycoprotein (S) and small membrane protein
(E) [12]. The S glycoprotein is proteolitically cleaved into
two fragments, S1 and S2 [21]. Three hypervariable regions
(HVRs) have been identified in the S1 subunit [8, 17, 18].
The S1 subunit induces neutralizing, serotype-specific, and
haemagglutination-inhibiting antibodies [12, 21].

In spite of routine IBV vaccination, outbreaks of IB
frequently occur in the field due to the presence of different
serotypes as well as the emergence of multiple subtypes,
generated by point mutations, insertions, deletions, or RNA
recombination of the S1 genes [6, 13]. Accordingly,
genotyping of IBV field strains is very important for
screening the emergence of new variants as well as eval-
uating the existing vaccination programs. IBV strains
related to the Massachusetts D3128, D274, D-08880 and
4/91 genotypes have been detected at different poultry
farms in Egypt [1, 10, 20, 22]. The Egyptian variant,
Egypt/Beni-Suef/01, was isolated from different poultry
farms in 2001 [2] and is closely related to the Israeli variant
strain.

In the current study, we present an analysis of the partial
S1 gene sequences of five IBV isolates from broiler
chickens in Egypt (GenBank accession numbers JX174184
to JX174188) and compare them with the Egyptian variant
Egypt/Beni-Suef/01 (JX174183).

IBV was isolated from five different Governorates
(Beni-Suef, Al-Fayoum, Giza, Qalubia, and Alexandria
Governorates), which represent the northern and middle
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parts of Egypt. The chicken flocks showed signs of respi-
ratory distresses. Mortality rates ranged from 15 to 30 %.
Postmortem findings included petechial haemorrhages in
the larynx and trachea, and severe congestion of the kid-
ney. Pooled tracheal scrapings and renal homogenates were
routinely processed and isolated in specific-pathogen-free
10-day-old embryonated hen eggs. Viral RNA was
extracted from infected allantoic fluid of the third egg
passage using a DNA/RNA extraction kit (Koma Biotech,
Korea) as recommended by the supplier. One-step reverse
transcriptase polymerase chain reaction (RT-PCR) (Koma
Biotech, Korea) for the S1 gene of IBV was conducted on
the five isolates as well as the Egypt/Beni-Suef/01 strain as
described previously [4]. The five isolates as well as the
Egypt/Beni-Suef/01 strain reacted positively in RT-PCR,
and the isolated strains were designated Ck/Eg/BSU-1/
2011 to Ck/Eg/BSU-5/2011. RT-PCR amplicons for the
IBV S1 gene were sequenced directly using an ABI Prism
BigDye Terminator Cycle Sequencing Kit (Applied Bio-
systems). A BLAST analysis was initially performed to
exclude sequence redundancy with the existing GenBank
entries. ClustalW analysis of selected nucleotide and amino
acid sequences was conducted (http://www.genome.jp/
tools/clustalw), while deduced amino acid and nucleotide
sequences were used for phylogenetic analysis using
MEGA 4.1.

IBV has been detected in poultry in Egypt since 1954
[3]. Despite the current immunization with live attenuated
vaccines, IB outbreaks have occurred frequently in chicken
flocks. BLAST analysis revealed that three out of five
isolates were found to be closely related to the ancestor
Egypt/Beni-Suef/01 variant, while two of the five strains
were found to be different form all known genotypes.
Phylogenetic analysis revealed that the sequences of the
recent Egyptian stains formed two main groups (Fig. 1).
The first group included Egypt/Beni-Suef/O1, 1S/1494/06
and Ck/Eg/BSU-1/2011, Ck/Eg/BSU-4/2011 and Ck/Eg/
BSU-5/2011 strains. The second group was subdivided into
two subgroups: one subgroup including the Ck/Eg/BSU-2/
2011 and Ck/Eg/BSU-3/2011 sequences while the second
subgroup included IS/885, Sul/01/09 and IR-Razi-HKM3-
2010 (Fig. 1).

The Ck/Eg/BSU-4/2011 and Ck/Eg/BSU-5/2011 strains
were isolated from broiler chicken flocks from Giza and
Qalubia Governorates and found to be identical to each
other (Table 1). Strains Ck/Eg/BSU-1/2011, Ck/Eg/BSU-4/
2011 and Ck/Eg/BSUS5/2011 showed high nucleotide
sequence identity to each other and to the ancestor Egypt/
Beni-Suef/01 variant as well as the Israeli variant 1S/1494/
06 (Table 1). Ck/Eg/BSU-1/2011, Ck/Eg/BSU-4/2011 and
Ck/Eg/BSU-5/2011 possessed high nucleotide and amino
acid sequence identity to an Egyptian isolate that was iso-
lated in 2009 (Eg/101-ck: 99 % nucleotide identity and
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100 % amino acid identity). Ck/Eg/BSU-2/2011 and Ck/
Eg/BSU-3/2011 isolates showed a high degree of nucleotide
sequence identity (97 %) and 94 % amino acid sequence
identity to each other. These strains were isolated form
Alexandria and Fayoum Governorates, which are located in
the northern and in the middle part of Egypt, respectively.
The sequences of these two strains were distant from all
available IBV sequences in the GenBank database. The new
Egyptian variants Ck/Eg/BSU-2/2011 and Ck/Eg/BSU-3/
2011 differ from IS/885 by 35 and 46 nucleotide point
mutations and 12 and 18 amino acid substitutions, while
they differ from Egypt/Beni-Suef/O1 by 43 and 51 nucleo-
tide point mutations and 15 and 20 amino acid substitutions,
respectively (Fig. 2). Interestingly, some serotypes differ in
S1 by as few as 10 amino acids [7], suggesting that only a
few epitopes may induce most of the VN antibody [11]. The
two new isolates (Ck/Eg/BSU-2/2011 and Ck/Eg/BSU-3/
2011) clustered alone (Fig. 1) and had the genetic signature
of a new variant, as they had unique substitutions compared
to the remaining sequences (Fig. 2). Accordingly, they
represent a new genotype variant (variant 2) that circulates
in Egypt together with Egypt/Beni-Suef/01 (variant 1),
which was isolated in 2001 in the Alexandria and Beni-Suef
Governorates [2].

The genetic diversity of IBV strains arises primarily by
mutations, which are induced both by the high error rate
and limited proofreading capability of the viral RNA-
dependent RNA-polymerase and by recombination [13].
The S1 protein commonly differs by 20 to 25 % of the
amino acids among different IBV serotypes [15, 16];
however, some IBV serotypes show as little as 2 % dif-
ferences in S1 [7]. The antigenic sites in the amino acid
sequence of the spike sequence were determined [14].
Three HVRs are located within residues of 38-67, 91-141
and 274-387 [8, 17, 18]. The new Egyptian variant 2 iso-
lates (Ck/Eg/BSU-2/2011 and Ck/Eg/BSU-3/2011), pos-
sess 7 and 11 amino acid substitutions, respectively,
relative to 1S/885 in the HVR3 (274-387). Interestingly,
Ck/Eg/BSU-2/2011 and Ck/Eg/BSU-3/2011 also possess 7
and 11 amino acid substitutions that differ from Egypt/
Beni-Suef/01 in the HVR3 (Fig. 2). Ck/Eg/BSU-3/2011
differs from the Ck/Eg/BSU-2/2011 at amino acid position
238, resulting in an S-to-C substitution and the loss of one
of the N-glycosylation sites in this region. The spread of
the Egyptian variants in distant Governorates in Egypt may
be due to the live-poultry trade in Egypt and/or the role of
wild birds in the dissemination of the IBV strains. Previous
studies on IBV in wild birds have indicated a potential role
of wild birds in IBV dissemination [19].

Ck/Eg/BSU-1/2011, Ck/Eg/BSU-4/2011 and Ck/Eg/
BSU-5/2011 showed a W-to-R substitution at amino acid
243 (H120 numbering) from the ancestor strain Egypt/
Beni-Suef/01. Interestingly, amino acid R at 243 is present
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Fig. 1 Phylogenetic tree based
on a partial sequence of the S1
gene, showing the relationship
between different IBV isolates.
The robustness of individual

nodes of the tree was assessed

Ck/Eg/BSU-4/2011
Egypt/Beni-Suef/01
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Table 1 Nucleotide and amino acid identities of the Egyptian IBV isolated strains
Nucleotide Identities
2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 |15 |16 |17 |18
1 99 |99 |99 |99 |79 |88 |99 |91 |80 |79 [80 |89 |8 |80 |79 |1 Ck/Eg/BSU-1/2011
2 |88 89 |89 |8 |79 |89 [89 |91 |79 [79 |79 |90 |78 [79 |80 |2 Ck/Eg/BSU-2/2011
3 |84 87 |8 |79 |88 |8 |8 |77 |77 |80 |8 |77 |78 |77 |3 Ck/Eg/BSU-3/2011
4 199 |89 99 |79 |88 [99 |91 |80 |79 [80 [89 |80 |8 |79 |4 Ck/Eg/BSU-4/2011
5 |99 89 | 84 79 |88 |99 |91 |80 |79 |80 |89 (80 |8 |79 |5 Ck/Eg/BSU-5/2011
6 |98 89 |84 |99 88 |99 |91 |80 |79 |80 |89 |80 |80 |79 |6 Egypt/Beni-Suef/01
7 |100 | 88 |87 100 | 100 87 |99 |90 |80 |80 |8 |8 |81 |81 |8 |7 Eg/101-ck
8 |76 78 |75 77 | 77 |77 80 |79 |79 |97 |98 |80 |79 |76 |77 |95 |8 Egypt/F/09
9 |84 88 | 87 85 | 8 |85 |84 |74 88 |97 |80 |80 |78 |99 |80 |80 |82 |9 Sul/01/09Iraq
10 | 98 89 | 84 99 | 99 |98 |99 |77 |85 91 |80 |80 [81 |89 |80 |80 |79 |10 |1S/1494/06
11| 89 91 | 86 89 | 89 |8 |8 |75 |96 |89 79 |79 |78 |97 |79 |80 |81 |11 |IS/885
12|79 |80 |77 |79 79 |79 |78 |97 |76 |79 |77 98 79 |76 |78 |96 |12 | HI20
13 |78 79 |78 79 | 79 |79 |78 |9 |75 |79 |76 |97 79 |77 |78 |97 |13 | M4l
14 | 82 83 |82 83 | 83 |83 |81 |77 |80 |8 [8 |79 |79 14 | D274
15 | 87 90 |85 87 | 87 |87 |8 |75 |98 |87 |97 |77 |76 15 | IR-Razi-HKM3I2010lIran
16 | 82 80 |78 82 | 8 |82 |8 |73 |79 |82 |80 |75 |74 16 | 4/91
17 | 81 80 |78 81 | 8 |81 |8 |74 |78 |81 |81 |76 |75 17 | CK/CH/JS/0711IChina
18 | 78 79 78 |79 |79 |79 |77 |91 |77 |79 |79 |94 |93 18 | Connecticut
1 2 3 4 5 6 7 8 9 10 |11 |12 |13

Amino Acid Identities
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HVR 3

231 |243 |274 |330

Egypt/Beni-Suef/01
Ck/Eg/BSU-1/2011
Ck/Eg/BSU-2/2011
Ck/Eg/BSU-3/2011
Ck/Eg/BSU-4/2011
Ck/Eg/BSU-5/2011
HM131453|IS/1494/06 atten
EU780077|1S/1494/06
IS/885

FYPFTNVSLVKEWFVVYRETSVNTTLVLTNFTFTNVSNASPNIGGVNTINIYQTQTAQSGYYNFNFSFLSSFVYKQSDFMYGSYHPKCDFRPET INNGLW

HVR 3
|355 |369

FNSLSVSLAYGPLQGGCKQSVFSNRATCCYAYSYNGPRL
........................ Moo,

Egypt/Beni-Suef/01
Ck/Eg/BSU-1/2011
Ck/Eg/BSU-2/2011
Ck/Eg/BSU-3/2011
Ck/Eg/BSU-4/2011
Ck/Eg/BSU-5/2011 e
HM131453 |IS/1494/06 Atten ...ttt
EU780077|1S/1494/06
IS/885 e N.ooooooii o

Egypt/Beni-Suef/01

Ck/Eg/BSU-1/2011 e A P
Ck/Eg/BSU-2/2011 S P ACC..vvvinn. G...AA......... T Attt Covennnnn G..A..... T..A...
Ck/Eg/BSU-3/2011 A TCCT. v eeennn. G...AA......... Teviiinnnn Aveiiiniiiia Covnnn G..A..... T..A...
Ck/Eg/BSU-4/2011 e P
Ck/Eg/BSU-5/2011 e P

IS/1494/06 attenuated
I1S/1494/06
1S/885

Egypt/Beni-Suef/01

Ck/Eg/BSU-1/2011

Ck/Eg/BSU-2/2011 CAT Ao, CAT....... AT........ TC.oveenn GTT [ Gt ¢
Ck/Eg/BSU-3/2011 CAT Acvinennn. CAT....... AT........ TC.v e venn GTT Covennnn oot e e e e c
CR/EG/BSU=A/ 2011 e e e e e e e e e e e e e e
CR/EG/BSU=5/ 2001 e e e e e e e e e e e e e
IS/1494/06 attenuated L LI
IS/1494/06 e Gttt e e e
15/885 TAT Avvvininnnnn Tevun.. (2% Teveieeennn TC.Teeeenennn Gt Ao..... A

Egypt/Beni-Suef/01
Ck/Eg/BSU-1/2011
Ck/Eg/BSU-2/2011
Ck/Eg/BSU-3/2011
Ck/Eg/BSU-4/2011
Ck/Eg/BSU-5/2011
15/1494/06

IS/1494/06 attenuated

Is/885

Egypt/Beni-Suef/01
Ck/Eg/BSU-1/2011
Ck/Eg/BSU-2/2011
Ck/Eg/BSU-3/2011
Ck/Eg/BSU-4/2011
Ck/Eg/BSU-5/2011
IS/1494/06

1S/1494/06 attenuated

Is/885

Egypt/Beni-Suef/01
Ck/Eg/BSU-1/2011
Ck/Eg/BSU-2/2011
Ck/Eg/BSU-3/2011
Ck/Eg/BSU-4/2011
Ck/Eg/BSU-5/2011

IS/1494/06 i

IS/1494/06 attenuated = ...,

IS/885 e
Fig. 2 Deduced amino acid and nucleotide sequences of different sequence limits of HVR-3. Underlined triplet letters indicate NXT/S
Egyptian IBV variant strains compared to the ancestor strains Egypt/ glycosylation motifs of the S1 glycoprotein. Dots indicate identical
Beni-Suef /01 and Israeli variants. The horizontal line represents the sequences

in both virulent and attenuated strains of the Israeli isolate  co-circulating in Egypt. We confirmed the existence of
1S/1494/06. Ck/Eg/BSU-1/2011 showed a different amino  two Egyptian variants: variant 1, represented by Egypt/
acid substitution, namely, R to M at amino acid no. 355. Beni-Suef/01, Ck/Eg/BSU-1/2011, Ck/Eg/BSU-4/2011, and

Our results are in accordance with the notion that IBV ~ Ck/Eg/BSU-5/2011, and variant 2, represented by Ck/Eg/
mutates commonly and that endemic variants 1, 2 are ~ BSU-2/2011 and Ck/Eg/BSU-3/2011. We have presented,
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for the first time, sequence data for Egyptian variant 2 (Ck/
Eg/BSU-2/2011/ Ck/Eg/BSU-3/2011 isolates), revealing
this to be of a previously undescribed genotype. Launching
of nationwide genotyping of IBV strains is needed to deter-
mine the IBV virus genotype map and to develop and adopt
suitable vaccination regimes. Further epidemiological sur-
veillance studies are needed in order to explain the mecha-
nism of emergence of variants and their biological
properties, including pathogenicity, along with developing
suitable vaccines from endemic virus strains. Continuous
surveillance of new IBV strains is important for under-
standing the molecular evolution of different genotypes and
for selecting candidate virus strains for vaccination regimes.
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