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INTRODUCTION

IBV or Avian Coronavirus (AvCoV) belongs to the ge-
nus Gammacoronavirus, subfamily Coronavirinae, family 

Coronaviridae, and order Nidovirales (King et al., 2012). 
Infectious bronchitis (IB) disease caused by IBV infects 
mainly the respiratory system and can be extended to other 
organs as kidney and reproductive system of broiler, layers 
and breeder chickens of all ages causing major problems 
of poultry farms worldwide. The IBV genome is a positive 
sense, single stranded RNA virus of approximately 27 kb 
in length, encodes four structural proteins: the spike (S), 

the membrane (M) and the envelope (E) and the nucleo-
capsid (N) proteins. The (S) glycoprotein is cleaved by pro-
teolysis to S1 and S2 subunits for binding of the virus to 
the infected cell (Stern and Sefton, 1982). The S1 subunit 
involves not only in the viral infectivity but also contains 
a serotype-specific determinant which is located in the 
hypervariable regions (Cavanagh et al., 1988) and induces 
neutralizing and haemagglutination-inhibition antibodies 
(Cavanagh et al., 1988; Koch et al., 1990).
 
Emerging of new variant serotypes and genotypes of IBV 
in the field is frequent because of its genomic alterations as 
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mutations and/or recombination of the hyper variable part 
of the S1 genes which do not cross-protect and therefore 
hinder complete controlling of the disease by the routinely 
used vaccination programs (Cavanagh et al., 1992).

The first detection of IBV in Egypt was reported by Ahmed 
(1954), several IBV strains have been isolated and/or de-
tected from poultry farms in Egypt and identified as Massa-
chusetts, D3128, D274, D08880 and 4/91 (Abdel-Moneim 
et al., 2006). In addition, novel genotypes called Egypt/
Beni-Suef/01, Ck/Eg/Bsu-2/2011, Egypt101-ck and 
Egypt/F/09 have been recently detected (Abdel-Moneim 
et al., 2012). The diagnosis and characterization of IBV is 
based on virus isolation, identification of viral antigens or 
its biological properties (e.g. hemagglutination activity), 
and/or by the detection of viral RNA using reverse-tran-
scriptase polymerase chain reaction (RT-PCR), gel elec-
trophoresis and S1 gene sequencing (Cavanagh et al., 
1992). The aim of this investigation is to identify and char-
acterize IBV isolates from diseased poultry flocks in Egypt, 
and compare them to others previously isolated native, 
neighboring countries and well-known reference strains.

MATERIALS AND METHODS 

SamplES and flockS hiStory
Pooled tissue samples (trachea, lung and kidney) were col-
lected from fifteen poultry farms located in two provinc-
es (El-Dakahlyia and Damietta) in Egypt from January 
to April 2012 (Figure 1). Beside high mortalities (rang-
ing from 40-50%), severe respiratory manifestations like 
gasping, tracheal rales, sneezing, coughing and oculonasal 
discharge were observed in chicken. In this study, recent 
IBV outbreaks were accompanied with other complicating 
diseases such as chronic complicated respiratory disease 
(CCRD), Newcastle disease and avian influenza as indi-
cated from signs and lesions. The post mortem examina-
tion of freshly dead and sacrificed chickens was carried out. 
The gross lesions were catarrhal tracheitis, air sacculitis, 
bronchitis, pneumonia, congested visceral organs, swollen 
and pale kidneys and ureters distended with urates. Renal 
lesions and tracheal plugs were recorded in only six flocks 
as suspected lesions with IBV. The age, vaccination histo-
ry, clinical signs and post mortem lesions in these poultry 
farms were reported (Table 1).

rEfErEncE ViruSES and antibody 
IBV reference strains (Beaudette and H120), provided 
kindly from colleagues in Veterinary Serum and Vaccine 
Research Institute, Abbasia, Cairo, were suspended in 0.1 
ml sterile phosphate buffer saline (PBS) buffer, stored at 
-20°C and used as positive controls. Rabbit hyper immune 
serum prepared against IBV, was prepared according to 
Abdel-Moneim et al. (2002) and used for titration of IBV 
viruses by indirect immunofluorescent technique (IFT) for 

detection of the viral cytopathic effect in chicken embryo 
kidney primary cell culture (CEK).  

ViruS iSolation and titration
The collected organs were pooled and homogenized in 
sterile saline containing 1,000 IU/mL penicillin and 1.0 
mg/ml streptomycin. The homogenates were then centri-
fuged at 3,000 rpm for 10 min and the supernatants were 
passaged in embryonated specific pathogen-free (SPF) 
chicken eggs. Five embryonated SPF chicken eggs of 10 
days of age were used for inoculation of each sample via 
the allantoic cavity. The harvested fluids were inoculated 
for further two passages (Gelb and Jackwood, 1998). 

CEK cells were prepared using 19 days old SPF chicken 
embryos for virus titration (Villegas and Purchase, 1990). 
CEK cells were incubated on cover slides of 24 well tissue 
culture plates and inoculated by 0.1 ml of the harvested al-
lantoic fluids at a multiplicity of infection (MOI) of 0.001. 
The plates were incubated under slight agitation for an 
evenly distribution of the inoculum over the cell monolay-
er at 37°C for one hour. Subsequently, medium containing 
methylcellulose was added and the cells were re-incubat-
ed at 37ºC for 24h. The infected cells were fixed by 3% 
paraformaldehyde and permialized by 0.2% Triton X-100. 
Infected cells were incubated with a rabbit hyperimmune 
serum against IBV for one hour at room temperature fol-
lowed by incubation with a FITC-conjugated anti-rabbit 
secondary antibody in dark room for one hour at room 
temperature. The number of fluorescent foci was quantified 
by fluorescence microscopy. Viral titers are given as foci 
forming units per ml (ffu/ml).

Figure 1: The location of the collected IBV samples in 
Egypt 
Schematic illustration of Egypt and the area where the IBV isolates 
have been detected (dark gray). The IBV isolates  are distributed 
in El-Dakahlyia and Damietta provinces in the Nile delta area of 
northern Egypt. 
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Table 1: The history of the collected samples indicating location, breeds and size of flocks, age, used vaccination and field 
signs
Isolate Location Breed & Size of flock Age Vaccination Signs & Post mortem lesions

IBV/Eg/
Mans-1/12

Damietta Broiler
( 80000)

30 days
Vaccinated
( one time, H120 vac-
cine)

Respiratory signs of IBV infections 
and kidney damage with high mor-
bidity and mortality rates accompa-
nied with congested visceral organs

IBV/Eg/
Mans-2/12

El-Da-
kahlyia Saso

(5000)
45 days

Vaccinated
( one time, H120 vac-
cine)

Renal lesions, and chronic compli-
cated respiratory diseases (CCRD) 
lesions with renal lesions

IBV/Eg/
Mans-3/12

El-Da-
kahlyia 

Broiler
(40000)

20 days Vaccinated
( 2 times, H120 vaccine)

kidney damage with high morbidity 
and mortality rates, suspected lesions 
of avian influenza as highly congested 
wattles and comb and subcutaneous 
hemorrhage on shanks

IBV/Eg/
Mans-4/12

Damietta Broiler
(50000)

40 days Vaccinated
(one time, H120 vaccine)

Severe respiratory manifestations and 
signs infections

IBV/Eg/
Mans-5/12

El-Da-
kahlyia

Broiler
(800000)

20 days Vaccinated
(one time, H120 vaccine)

Kidney damage with high morbidity 
and mortality rates

IBV/Eg/
Mans-6/12

Damietta Saso
(20000)

48 days Vaccinated
(2 times, H120 vaccine)

Severe respiratory manifestations

IBV = Infectious bronchitis virus; Eg = Egypt; /Mans-1 to -6 code for the six different samples

inoculation of chickEn trachEal organ cEll 
culturES (tocS) 
TOCs were prepared according to Winter et al. (2008) and 
incubated at 37°C under rotation. Only TOCs with a cili-
ary activity of 100% were selected for comparing of the cil-
iostatic effect of isolated and reference viruses. The TOCs 
were infected by all isolates and reference strains using a 
concentration of 1x104 ffu/ml of each virus and incubated 
for one hour. The medium was changed daily with an ob-
servation and analysis of the ciliary movement at internals 
of 24, 48, 72, 96, and 120 hours post infection.

rna Extraction and rt-pcr 
The harvested allantoic fluids were centrifuged at 3000 rpm 
for 10 min. and the supernatants were used for viral RNA 
extraction using the QIAamp Viral RNA Mini Kit (Qia-
gen) according to manufacturer’s instructions. The RNA 
was eluted in 50 µl buffer. Subsequently, an one-step RT-
PCR targeting the genetic information of the S1 subunit 
of the IBV S-protein  was carried out for each of the six 
samples, using the Qiagen One Step RT-PCR Kit (Qia-
gen) in a total volume of 25 µl using 10 pmol of foward 
(S1Oligo5) and reverse (S6)  primers. The used primers, 
leading to a product of 719 base pairs in length, were 
S1Oligo5: 5’- TGAAAACTGAACAAAAGACA-3’ 
(Kwon et al., 1993) and S6: 5’- ACATCWTGTGCGG 
-TGCCATT-3’ (Bochkov et al., 2006). The RT-PCR was 
performed in a thermal cycler with an initial denaturation 
at 95°C for 15 min., followed by 42 cycles, of denaturation 
for 30 seconds at 95°C, annealing for 1 min at 50°C, and 
extension for 1 min at 72°C. Afterwards, a final extension 
for 10 min at 72°C was performed. Next, the PCR prod-

ucts were isolated by standard agarose gel electrophoresis 
followed by gel purification, using the MinElute Gel Ex-
traction Kit (Qiagen) according to manufacturer’s instruc-
tion. The purified products were sequenced by a commer-
cial DNA sequencing service (LGC Genomics, Berlin) 
using the forward primer S1Oligo5. 

SEquEncE analySiS 
For analyzing the sequences of the spike glycoproteins 
(S1) from the six Egyptian IBV isolates, Mans-1 (IBV/
Eg/Mans-1/12; GenBank: KF856872.1), Mans-2 (IBV/
Eg/Mans-2/12; GenBank: KF856873.1), Mans-3 (IBV/
Eg/Mans-3/12; GenBank: KF856874.1), Mans-4 (IBV/
Eg/Mans-4/12; GenBank: KF856875.1), Mans-5 (IBV/
Eg/Mans-5/12; GenBank: KF856876.1), and Mans-6 
(IBV/Eg/Mans-6/12; GenBank: KF856871.1) on nucleo-
tide and amino acid levels, the S1-protein sequences of the 
following  avian IBV strains were used as references: Avi-
an IBV strain QX (GenBank: AF193423), Italy 02 (Gen-
Bank: AJ457137.1), 4/91 (GenBank: JN192154.1), Beau-
dette (GenBank: DQ001334.1), Beaudette CK (GenBank: 
AJ311317.1), M41 (GenBank: DQ834384.1), H120 (Gen-
Bank: EU822341.1), Eg/CLEVB-1/IBV/012 (GenBank: 
JX173489.1), Egypt/F/03 (GenBank: DQ487085.1), 
IS/1494/06 (GenBank: EU780077.2), Sul/01/09 (Gen-
Bank: GQ281656.1), and IS/855 (GenBank: AY279533.1). 
The S1-protein sequences and the nucleotide identity (in-
dicated in %) were calculated using the basic local align-
ment search tools BLASTp and BLASTn respectively, 
which are available at the webpage of the National Center 
for Biotechnology (NCBI; http://www.ncbi.nlm.nih.
gov/). In both cases, the S1-protein sequences of all of the 

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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six isolates were individually aligned with each of the ref-
erence sequences (two sequence alignments). Additionally, 
a multi sequence alignment of all S1-protein sequences on 
amino acid level was performed using the ClustalW2 avail-
able under (http://www.ebi.ac.uk/Tools/msa/clustalw2/).
Nucleotides sequences were translated into amino acids se-
quences using the translate tool from the Bioinformatics Re-
source Portal of the Swiss Institute of Bioinformatics (SIB), 
which is available under (http://web.expasy.org/translate/). 

phylogEnEtic analySiS 
To analyse the phylogenetic relationship of the six isolates 
and the aforementioned reference sequences, phylogenetic 
trees was constructed using the Phylogeny.fr tool (Dereep-
er et al., 2008), available under (http://phylogeny.lirmm.fr/
phylo_cgi/index.cgi). The construction of the phylogentic 
tree is based on maximum likelihood by four implement-
ed programs - MUSCLE 3.7 (alignment), Gblocks 0.91b 
(alignment refinement), PhyML 3.0 (phylogeny) and 
TreeDyn 198.3 (tree rendering) - and was performed on 
both the nucleotides and amino acids level.

RESULTS

ViruS propagation and titration 
The samples collected from the poultry farms in northern 
Egypt were inoculated via the allantoic cavity route in em-
bryonated SPF chicken eggs. All isolates led to the devel-
opment of characteristic IBV lesions as curling, dwarfing 
and stunting of the embryos. Two isolates, IBV/Eg/Mans-
2 and -4, showed clear lesions of the embryos after the first 
passage increasing to four isolates after the second passage 
(IBV/Eg/Mans-1, -2, -4, and -5), while after the third 
passages, all isolates led to clear specific lesions (Table 2).  

All samples, including the reference strains, were titrated in 
CEK cells and stained by IFT for detection of the viral cytopath-
ic effect on the cell culture. All viruses showed plaques which 
appeared as foci, in CEK cell cultures. The viral titers ranged 
between 1x104-3.5x105 foci forming unit (ffu) /ml (Table 2). 

Table 2: Result of serial passage in SPF egg inoculated by 
IBV isolates and the titration on CEK

Isolate Pas-
sage 1

Passage 
2

Pas-
sage 3

Titer on 
CEK

IBV/Eg/Mans-1/12 - + + 1.5 x 104 
IBV/Eg/Mans-2/12 + + + 2 x 105

IBV/Eg/Mans-3/12 - - + 1 x 104

IBV/Eg/Mans-4/12 + + + 3.5 x 105

IBV/Eg/Mans-5/12 - +/- + 1.2 x 104

IBV/Eg/Mans-6/12 - - + 1 x 105

Control - - -
Curling and dwarfing of chicken embryos were assessed for the 
presence by (+) or absence by (-). The titration data indicate the 
mean of three independent experiments and calculated as ffu/ml.

cilioStaSiS analySiS of thE iSolatES in tocS 
Inoculation of TOCs with an infectious dose of 1x104 ffu/
ml for all isolates, Bd and H120 strains led to decrease the 
ciliary activity of TOCs stepwise in a similar fashion with 
only little variations, showing a complete ciliostasis at the 
fifth day post infection, while mock-treated TOCs kept 
their full ciliary activity at that time point (Figure 2).

Figure 2: Ciliostatic analyses of TOCs inoculated by the 
IBV isolates and reference strains
Chicken TOCs inoculated by 1x104 ffu/ml of the IBV isolates (IBV/
Eg/Mans-1, -2, -3, -4, -5, or -6/12) and the reference strains (Beaudette 
and H120); Mock-treated TOCs served as a negative control

comparatiVE analySiS of thE SEquEncE idEntity
The genetic relationship comparison of the different reference 
and isolated viruses was determined using NCBI database 
(BLAST search) (Figure 3). The six isolates (IBV/Eg/Mans-
1, -2, -3, -4, and -5) shared a sequence identity of 99 (IBV/
Eg/Mans-6) to 100%  on both neucleotides and amino acids 
levels (Figure 3 b and c). Compared to the reference strains, 
the highest sequence identity of the six isolates was obtained 
for the Egyptian Eg/CLEVB-1/IBV/012 and the Israeli 
IS/1494/06 strains with 99 and 98%, respectively. The  se-
quence identity of the Egyptian isolates to the other reference 
strains ranged from 75% with QX and 4/91 strains to 81% 
with Sul/01/09/Iraq strain on nucleotide level and 67% with 
the M41 and H120 strains to 78% with IS/885 and Sul/01/09/
Iraq strains on the amino acid level. Additionally, the conser-
vation of amino acid residues of the six IBV isolates to the 
reference strains was compared by aligning the corresponding 
amino acid residues of the S1-proteins of the reference strains 
and the partial S1-protein sequence of the six isolates, using 
the ClustalW2 online tool. All amino acids residues within 
the partial S-protein sequence of the  Egyptian isolates were 
represent in the S-protein sequences of some reference strains 
(Figure 4), especially the regions spanning from amino acid 
residues 28 - 50, 90 - 116, 164 - 183, and 191 - 200 showed a 
high conservation among all tested strains.

phylgEnEtic analySiS baSEd on thE partial 
S-protEin SEquEncES 
After having shown that the six IBV isolates shared the 

http://www.ebi.ac.uk/Tools/msa/clustalw2/
http://web.expasy.org/translate/
http://phylogeny.lirmm.fr/phylo_cgi/index.cgi
http://phylogeny.lirmm.fr/phylo_cgi/index.cgi
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Figure 3: Sequence identities on the nucleotide and amino acid level of the Egyptian IBV isolates to reference strains 
based on their partial S1-protein sequences
By RT-PCR, partial S-protein sequences (A) were determined and used to calculate the total sequence identity on nucleotide (B) and 
amino acid level (C) for the Egyptian IBV isolates to selected reference strains . Numbers indicate the total sequence identity (in %). 
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Figure 4: Multiple sequences alignment of the amino acid residues of the partial S-protein sequences for the IBV 
isolates and selected reference strains 
Points indicate amino acid residues that are identical to the consensus sequence, while different amino acid residues are indicated by letters. 
Gaps which are a result of the alignment are indicated by a minus.
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Figure 5: Phylogenetic analysis of the IBV isolates and the reference strains 
The partial S-protein sequences on nucleotide (A) and amino acid level (B) of the Egyptian IBV isolates. Scale bars indicate the number of 
nucleotide /amino acid substitutions per site.

highest sequence identify on both nucleotides and ami-
no acid levels with the Egyptian isolate Eg/CLEVB-1/
IBV/012 and the Israeli isolate IS/1494/06, we analysed 
their phylogenetic relationship to the different reference 
strains based on the amino acids composition of the par-
tial S1-protein sequences using Phylogeny.fr tool, that con-
structs phylogenetic trees based on maximum likelihood 
analyses. By construction of phylogenetic trees for the par-
tial S1-protein sequences on nucleotides (Figure 5 and 6a) 
and amino acids level (Figure 5 and 6b), all the six Egyp-
tian isolates form a distinct phylogenetic cluster together 
with the Egyptian Eg/CLEVB-1/IBV/012 and the Israeli 

IS/1494/06 strains (Figure 5). The Egyptian reference Eg/
CLEVB-1/IBV/012 strain is closely related to the tested iso-
lates than the Israeli reference IS/1494/06 strain (Figure 6).

DISCUSSION 

IBV affects poultry farms causing great economic losses in 
poultry industry (Kwon et al., 2003; Webster et al., 2006; 
Nguyen et al., 2013). Although a live attenuated vaccine 
(H120) is used currently in Egypt, several poultry farms are 
still suffering from IBV infections. Thus, this study aimed 
to isolate the current circulating isolates of IBV in north
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Figure 6: Phylogenetic analysis focusing on closest relatives of the IBV isolates 
The partial S-protein sequences on nucleotide (A) and amino acid level (B) of the IBV isolates. Scale bars indicate the number of nucleotide 
/amino acid substitutions per site.

ern Egypt, characterize and compare them to other recent-
ly isolated strains in Egypt and neighbouring countries. 
The usage of embryonated chicken eggs for the diagnosis 
of IBV was considered as the method of choice for virus 
isolation (Cunningham 1970; Fabricant 1998). Character-
istic curling and dwarfing were observed in the SPF eggs 
inoculated with the suspected samples after one to three 
passages. Although this diagnostic method has been estab-
lished for quite a long time, it is still a preferable method 
for the propagation of IBV (Cook et al., 2012). Most IBV 
strains could be titrated in primary avian cells, especially 
of chicken embryo kidney cell culture, as they do not grow 
well in permanent cell lines. The Beaudette strain, however, 
is an exception, since it has an extended species tropism 
in cell culture (Otsuki et al., 1979). Recently, it has been 
suggested that the broader tropism may be related to the 
ability of this particulars virus to use heparin sulfates as 
an additional attachment factor (Mad et al., 2007), which 
might facilitate the entry into non-avian cell cultures. A vi-
rus titration by immunofluorescence analysis is commonly 
used not only for the titration of infectious viral particles 

but also to study the specificity and sensitivity of antibod-
ies directed against IBV.  

Primary tissue culture prepared from chicken trachea is 
used for not only studying the interaction between host 
species and pathogens but also comparing the pathological 
changes and the speed of virus replication of different IBV 
strains, i.e. QX strain is rapidly replicating virus causing 
complete ciliostasis of TOCs in the third day post infec-
tion comparable to the fifth day post infection for other 
relatively slowing replicating viruses as 4/91 and Beaudette 
strains (Lukert and Packer, 1972; Hu et al., 1975; Andrade 
et al., 1982; Winter et al., 2008; Abd El Rahman et al., 
2009). In addition, TOCs can easily prepared, cultivated 
and since recent research is eager to establish alternative 
culture systems to reduce and/or replace infectious studies 
involving live animals. It is possible to evaluate the infec-
tion of TOCs by IBV via monitoring of the ciliary activity, 
as an infection by IBV results in a decrease of the ciliary 
movement, leading to complete ciliostasis a few days af-
ter the infection depending on the virulence of the virus 
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(Cavanagh et al., 1999). In this study TOCs were used 
for compering the infectivity of the recently detected 
Egyptian IBV isolates as well as reference strains (Beau-
dette and H120). Both, the new isolates and the reference 
strains displayed a similar effect on the ciliary movement 
of TOCs, resulting in a complete ciliostasis at the fifth day 
post infection.

RT- PCR has been extensively used for the molecular 
detection of IBV in allantoic fluid extracts and has been 
described as a very efficient, sensitive and accurate meth-
od for the detection and identification of IBV types (Ca-
vanagh et al., 1999). Additionally, RT-PCR facilitates the 
detection of new and/or emerging IBV variants different 
antigenic properties due to alterations in the S1 subunit 
of the IBV spike glycoprotein (S). Those molecular altera-
tions of the IBV virus can enable it to escape the adaptive 
immune system, although it has been stimulated by rou-
tinely used vaccines (Gelb et al., 1991; Gelb et al., 1997). 
During the 2012 outbreaks, Abdel-Moneim and others 
could identify new genotypes of IBV in different locations 
in the middle and northern Egypt. Although we could 
not align our identified strains with the strains isolated by 
Abdel-Moneim and his group, due to differences in the 
amplicon size of the S1 gene, all identified genotypes in 
southern and northern Egypt are closely related to the Is-
raeli strain (Abdel-Moneim et al., 2012). 

The key features for emergence of new IBV variant strains 
among poultry and as a potential pandemic virus could 
be provided by genetic characterization of the circulating 
viruses in Egypt. Periodical molecular identification of 
the current circulating IBV genotypes in different parts 
of Egypt is a valuable tool for evaluating the molecular 
evolution and detecting the mechanism of new variants 
emergency in Egypt. Adopting a nationwide strategy for 
controlling IBV in Egypt is required by continuous mon-
itoring of the new variant IBV strains and developing of 
suitable vaccines which need selective and represented vi-
rus for efficient controlling of the disease.

In conclusion, our study could describe the genetic charac-
teristics of the IBV virus isolated from chicken in northern 
Egypt and provided evidences to further understand the 
mutation trend relevant of the IBV viruses. The increased 
morbidity and mortality, which associated with the poul-
try farms, might dente additional factors that affected the 
case severity and allowed the IBV virus to cause severe 
signs. All the IBV isolates are closely related to each other 
and have the closest relatedness, based on total sequence 
identity analysis and phylogenetic tree construction, with 
the Egyptian Eg/CLEVB-1/IBV/012 and the Israeli 
IS/1494/06 strain, while, the Italy 02 strain sharing the 
closest relatedness of the “well-known” strains (79 and 77% 
on nucleotide and amino acid levels, respectively). 
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