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BACKGROUND 

Avian infectious bronchitis virus (IBV), a member of the genus Gamma coronavirus of 

the family Coronaviridae, is an enveloped single-stranded RNA virus (King et a.l, 2011). 

Infectious bronchitis (IB) is an acute and highly contagious infectious disease. It affects the 

upper respiratory tract, kidney and oviduct of chickens (Cavanagh, 2003). IBV contains a single 

stranded genome approximately 27.6 kb in size and codes for four structural proteins: the spike 

(S) glycoprotein, the membrane (M) glycoprotein, the nucleocapsid (N) phosphoprotein, and the 

envelope (E) protein (Spaan et al., 1988). The spike (S) glycoprotein is a major structural protein 

of IBV, and it is cleaved after translation into S1 and S2 polypeptides (Cavanagh 2007). The S1 

protein plays an important role in tissue tropism, inducing protective immunity and carrying the 

receptor binding site (Wickramasinghe et al., 2011) (Belouzard et al., 2012). The S1 gene is 

highly variable and possesses three hypervariable regions (HVRs) that are responsible for the 

induction of neutralizing and serotype specific antibodies (Moore et al., 1997) (Cavanagh et al., 
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1988). The S1 protein possesses antigenic epitopes within its three HVRs forming the N-terminal 

portion of the peplomer (Cavanagh et al., 1988) (Promkuntod et al., 2014).Infectious bronchitis 

has a great impact on poultry industry in Egypt which showed an increasing incidence of 

respiratory and nephritis symptoms that caused severe economic losses (El-Mahdy et al., 2010). 

 

MATERIALS AND METHODS 

Propagation of selected IBV Virus:  

 Six Egyptian isolates of IBV were selected from the Reference Laboratory of veterinary 

Quality Control on poultry production (RLQP) from 2012 to 2016. These samples collected from 

commercial chicken farms in five Egyptian governorates (Al-Daqahlya, Al-Behera, Giza, 

Ismailia, and Cairo Governorates) where infected chickens showed respiratory symptoms and 

were positive for IBV by real-time reverse transcription polymerase chain reaction (rRT-PCR) 

(Callison et al., 2006).Propagation of viruses was done at 9-day-old SPF-ECE through intra-

allantoic route for 3 blind successive passages (Gelb and Jackwood, 1998) and the virus titres 

were determined by the Reed and Muench method (Reed and Muench, 1938) and expressed as 

embryo infectious dose 50 per mL (EID50/mL). 

 

Trypsin-induced Hemagglutination assay of IBV: 

 Trypsinization was conducted by preparation of a solution containing 0.5% trypsin in 

PBS with pH 7.2 then adding allantoic fluids to trypsin solution and held at 37°C for 1 hour then 

placing treated samples at 4°C for 5 minutes. Addition of 1% RBCs on trypsinized allantoic 

fluids in a microtitration plate. Direct agglutination of RBCs was read within 15-20 minutes in 

4ᵒC (Mahmood et al, 2004). 

 

RT-PCR for HVR-3 of the S1 gene: 
  HVR-3 of the S1 gene was amplified from extracted RNA and one step RT-PCR using 

QIAamp Viral RNA Mini Kit (Qiagen, Valencia, CA).and specific primer set for HVR3: IBV-

F299 and IBV-R702, the sequences of the primers were described in Table 1.The RT-PCR was 

carried out as follow : one cycle at 50°C for 30 min, one cycle at 95°C for 15 min and 40 cycles 

of 95°C for 30 sec , 54°C for 45 sec and 72°C for 2 min., a final extension at 72°C for 10 min. 

PCR products were purified from the gel using the QIAquick gel extraction kit (Qiagen, 

Valencia,CA) 

 

Table (1): Primers used in IBV amplification: 

Primer Sequence (5′-3′ ) 

IBV-F299 TCA gAg Tgg TTA TTA TAA TT 

IBV-R702 CTg CCA TAT ATA TTA TAC TC  

 

Sequencing for HVR3 of S1 gene:  
A purified RT-PCR product was sequenced in the forward and reverse directions on an 

Applied Biosystems 3130 automated DNA Sequencer (ABI, 3130, USA) using Bigdye 

Terminator V3.1 cycle sequencing kit. (Perkin-Elmer, Foster City, CA). The cycling protocol for 

sequence was carried out as follow: one cycle at 96°C for 1 min, 25 cycles repeated at 96°C for 

10 sec and 50°C for 5 sec, 60°C for 2 min. The sequencing reaction were purified using spin 

column Centrisep kit then loading in  sequencer plate of (Applied Biosystems 3130 genetic 

analyzer, USA. The sequences of HVR3 of isolates in this study were submitted to gene bank 

under accession numbers KY652663 to KY652668. 
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Pathogenicity study: 

 Eighty one-day-old SPF chicks were used in this study. Ten chicks were scarified; the 

serum samples were collected and checked by ELISA (Biocheck system) to assure freedom from 

specific IBV antibodies. Then the remaining 70 SPF chicks were divided into 7 equal groups and 

placed in specific negative pressure isolators (Bell isolators Biflex B6, UK). Six groups were 

infected by intraocular and intranasal route with 10
5 

EID50/100 μl of viruses of the study 

according to (Purcell et al., 1976), while 10 birds were kept as control uninfected group. All seven 

groups were kept under close observation for 14 days post infection. The birds were observed for 

clinical signs that including gasping, coughing, sneezing, depression, and ruffled feathers, also 

mortalities and PM lesions were recorded. 

 

Cross Hemagglutination inhibition assay: 

 Collected sera inactivated at 56°c for 30 minutes and it is stored at -20°C till used. The test 

was carried out according to (Alexander et al., 1983), 25µl of prepared antiserum of isolates of 

study, 25µl of 4HA units of virus antigen and 25µl of 1% RBCs were used. Titres were 

expressed as the reciprocal of the highest dilution of serum causing inhibition of 4HA units of 

the virus.  

 

Antigenic Relatedness(r):  

 The cross HI titres were used to calculate the percentages of antigenic relatedness. 

The r value is equivalent to the square root of r 1× r 2, where r 1 is the ratio of the heterologous 

titre with virus 2 to the homologous titre of virus 1, and r 2 is the ratio of the heterologous titre 

with virus 1 to the homologous titre of virus 2 (r = √(r1*r2) %) ( Archetti & Horsfall , 1950) 

RESULTS 

Symptomatology: 

Virus isolation propagation: 
 Inoculated embryos showed Curling and dwarfing after inoculation for 3 blind successive 

passages. Lesions were observed 5-7 days post inoculation (Figure1). 

 
Fig. 1: Showing (A) Normal embryo (B) curled and dwarfed embryos for isolates of study 

Trypsin-induced Hemagglutination assay of IBV: 

 The trypsinized allantoic fluids were used for HA test and the obtained titers were (7, 8, 

6, 8, 8 and 7) log2 for (IBV-S120-299F, IB-FI18-299F, IB-F1083-299F ,IB-F632H11-299F,IB-

F135-299F and IBV-F678-F299) respectively. 

 

RT- PCR for S1gene: 

 The PCR products run in agaros gel 1.5% which give specific band at 400bp in weight 

along with 100 bp plus ladder (Figure2). 

http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.012476-0#R4
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Fig. 2: RT-PCR for the isolates obtained in the study showed a single specific band (400bp). (L): DNA 

Marker (-VE): Negative Control (+VE): Positive Control (IBV-EG/15170F-SP1) (Accession Number 

KY119259) 

Sequencing of the amplified HVR3 of S1gene of IBV: 
 The HVR3 sequences were analyzed, and aligned with those of other Egyptian and 

worldwide IBV isolates obtained from the NCBI GenBank database. Five variant II isolates were 

found to be related to each other (88 % to 94% amino acid identity) and closely related to other 

Egyptian variants that were isolated previously in Egypt as well as the IBV-IS-1494-06 israelian 

strain, with amino acid sequence identities ranging from 83 % to 91 %. They also shared up to 84 

% - 93% amino acid identity with the IS /885/00 strain. In comparison to vaccine strains used in 

Egypt, the Egyptian variant II strains showed 73.1-79 % amino acid identity to H120, Ma5 

vaccinal strains and showed 73.1 – 75.6 % amino acid identity to D274 in contrast IBV-F678-

F299 representing the classic group showed 98.3%, amino acid identity to either H120 or Ma5, 

but it is different from D274 serotype since it showed only 79% amino acid identity. The amino 

acid identity between Classic isolate and ISRAEL Variant I was (82.4 %) and with IBV-4/91- 

81.5%) (Table 2). 

 

Table (2): Amino acids Identities and divergence of the Egyptian IBV isolates. 

#Vaccinal strains   *Isolates of study    ©Variant I strains 
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Phylogenetic analysis: 
 

A phylogenetic tree was constructed from the nucleotide sequences of the HVR3 of S1 

gene the results indicated that Egyptian IBV viruses in this study were of two distinct genotypes: 

Classic which includes (IBV-F678-F299) and variant II that includes (IBV-S120-299F / IB-

F1083-299F /IB-F135-299F/ IB-FI18-299F /IB-F632H11-299F). (Figure 3). 

 

Fig. 3: Phylogenetic tree representing the HVR3 of the S1 gene sequences for six infectious 

bronchitis virus isolates (marked with black diamond and written in blue) with other related 

infectious bronchitis virus and vaccinal strains marked with black circle and written in red. 
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Table (3) Amino acid mutations in HVR3 of S1 gene of IBV (Classic and Variant II)  

 
 The blank cells indicate no amino acids changes. 

 36 amino acid mutations at different positions in comparison with IS/1494/06 spike 

glycoprotein as a reference strain. 

 In classic strain had 20 amino acid substitutions in comparison to IS/1494/06 spike 

glycoprotein but 26 amino acid substitutions in Variant II strains.  

Table (4) Amino acid mutations in HVR3 of S1 gene of IBV Variant II strains. 

Genotype 

L
 3

1
1
 

S
 3

1
2
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 3
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5
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 3
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ta
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IBV-S120-299F M G  P Q L G T  N T  R V D  Y L A S    H  D 18 

IBV-FI18-299F V G I P Q L G T  N T A R V D T Y Q G     H T G 21 

IBV-F1083-299F M  I P Q L G T D N T A R V D  Y L G  T   H T D 21 

IBV-F632-299F V G I P Q     N T    D T Y L   T P I H T G 17 

IBV-F135-299F V  I P Q L G   N      T Y       H  G 11 

 The blank cells indicate no amino acids changes 

 In Variant II IBV strains there were 26 amino acid mutations at different positions in 

comparison with IS/1494/06 spike glycoprotein as a reference strain. 

Pathogenicity test: 

Experimentally infected chicks with Variant II strains showed varying degrees of 

coughing, sneezing, tracheal rales, and watery feces .The severity of the signs increased in 

groups which inoculated by IB-F135-299F and IB-FI18-299F and also they were recorded 50 % 

and 20 % mortalities respectively; however for groups inoculated by IBV-S120-299F, IB-F1083-

299F and IB-F632H11-299F mild respiratory and watery feces were recorded moreover no 

deaths in this groups. The group which Infected with classic strain (IBV-F678-F299) showed 

only mild respiratory signs and 10% mortalities were recorded (Table 5). The main common 

reported lesions included: congestion and exudates in the trachea, congested lung, swollen and 

congested kidneys with ureters distended by ureates (Figure 4). 

Table (5): Pathogenicity index results based on necropsy of kidney and trachea of SPF chicks infected at 

1 day old with IBVs during 14 days observation

(a)Kidney and trachea score = No of chicks with lesion score of ≥ 1. 

(b) Pathogenicity index = No of chicks with lesion score ≥ 1 + 1 point for every 10% mortality. 

(c) Pathotypes = low (pathogenicity index value 1 -9), intermediate (pathogenicity index value 

10-18), High (pathogenicity index value ≥ 19 

Isolate ID Year 

No. of 

SPF 

Chicks 

Observation record Gross lesion score 
Pathogencity 

index 

Clinical 

score 
Pathotype Genotype 

Dead Survive Mortality % trachea Kidney 

IBV-S120-299F 2012 10 0 10 0 8 8 16 2 Intermediate Variant II 

IBV FI18-299F 2013 10 2 8 20% 10 10 22 3 High Variant II 

IBV F1083-299F 2014 10 0 10 0 9 9 18 2 Intermediate Variant II 

IBV F632-299F 2015 10 0 10 0 8 9 17 2 Intermediate Variant II 

IBV F135-299F 2016 10 5 5 50% 10 10 25 3 High Variant II 

IBV F678-299F 2016 10 1 9 10% 6 0 7 1 Low Classic 

Control 
 

10 0 10 0 0 0 0 0 _ _ 



Ameen et al., J. of Virol. Sci., Vol.2: 42-55, 2017                                     

  

 
 

         

Fig. 4: Mortalities in experimental infected day old SPF chicks and ureters distended by ureates. 

 

Cross Hemagglutination Inhibition  

Cross HI results revealed that a high cross antigenic relatedness between the five tested 

IB Variant II viruses in addition to the clear recorded antigenic (2-3 log2 lower) diversities 

between the classic H120 and variant II viruses. But the five variant II viruses could be clustered 

into two groups: the first group includes (IB-F135-299F, IB-FI18-299F and IB-F632H11-299F) 

viruses, that were showed same cross HI results (8log2) and the second group includes( IBV-

S120-299F / IB-F1083-299F) viruses that were showed same cross HI results (8log2) (Table 6). 
 

Table (6) Cross HI relationship between isolates of study: 

 

Antigens 

Sera 

IBV-F1083-

299F 

IBV-F135-

299F 

IBV-FI18-

299F 

IBV-F632-

299F 

IBV-S120-

299F 

IBV-F678-

299F 

IBV-F1083-299F 8 7 7 7 7 5 

IBV-F135-299F 7 8 8 7 7 6 

IBV-FI18-299F 7 8 8 7 7 6 

IBV-F632-299F 7 8 8 8 7 5 

IBV-S120-299F 7 7 7 7 8 6 

IBV-F678-299F 5 6 6 5 6 8 

 

Antigenic Relatedness: 

By the calculation of (r value), results revealed that the antigenic relationship between the 

classic H120 and variant II viruses were (62.5% to 75 %), but the antigenic relatedness between 

variant II isolates and each other showed that IB-F135-299F, IB-FI18-299F are 100% 

antigenically identical and both of them relates antigenically to IB-F632H11 with 93.5% but 

IBV-S120-299F / IB-F1083-299F related to each other and other isolates antigenically with 

87.5%. (Table 7). 
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Table (7) Antigenic Relatedness (r value) between isolates of study: 

 √r 1× r 2, where r 1 (the heterologous titre with virus 2 / the homologous titre of virus 1) and r 2 is (the ratio of the heterologous titre with virus 1 

/ the homologous titre of virus) 

 

DISCUSSION 

IBV is a corona virus which has a single stranded RNA; it has a huge capacity to be 

changed by spontaneous mutation and genetic recombination (Cavanagh & Gelb, 2008) which 

led to the emergence of new IBV serotypes or variants. The continuous evolution of IBV 

complicates the design of the suitable control programs due to the observed decline of cross-

protection between different serotypes. Molecular characterization of S1 gene provides an 

accurate method for classifying and predicting serotypes of IBV, and have been used for 

molecular epidemiological studies (Adzhar et el.,1997; Dolz et al., 2008).  

In Egypt, previous studies reported that IBV is widely spread all over the country and 

have been reported in both vaccinated and unvaccinated flocks despite of the used 

vaccine (Abd El Rahman et al., 2015).  

In our study, six Egyptian isolates of IBV were selected for studying the genetic 

evolution of the spike gene of the Egyptian IBV strains and also pathotyping of them. 

These samples were introduced to RLQP by routine diagnosis of samples from 

different commercial poultry farms in Egypt that suffered from respiratory 

manifestations and considerable mortality rate and gave positive PCR result for IBV. 

The viruses were propagated in SPF embryonated chicken eggs for three serial 

passages which are accompanied by an increase in virulence for embryos (Bijlegna, 

1956; 1960; Hoekstra and Rispens, 1960a, b; Anon, 1963). Inoculated SPF-ECE 

showed typical IBV lesion as curling and dwarfing of the embryo and this agreed with 

results reported by (Cook et al., 1976). IBV is not naturally hemagglutinating, and it 

demands previous treatment with trypsin to expose hemagglutinin. Trypsin-induced 

Hemagglutination assay was conducted for detection of infectious bronchitis virus 

(IBV) in allantoic fluid (AF) of embryonated eggs. All isolates of study showed HA 

activity after treatment with trypsin while they didn’t show any HA activity when they 

were untreated. Treatment with trypsin induces HA activity in IBV by removal of sialic 

acid residues from the spike glycoprotein of the virus envelop (Mahmood et al, 2004). 

Trypsinized allantoic fluid could be stored at –65°C for more than 3 weeks without loss 

the hemagglutinating activity of virus (Corbo and Cunningham, 1959).  

Genotyping of IBV isolates is based on sequence of S1 gene, especially the 

hypervariable regions of the S1 gene which are located within amino acids: 38-67 

(HVR 1), 91-141 (HVR 2) and 274–387 (HVR 3) (Cavanagh et al., 1988; Moore et al., 
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1997). S1 glycoprotein of IBV has been considered to be the inducer of protection as 

inactivated IBV lacking the S1 glycoprotein did not induce protection in the trachea of 

immunized chicken whereas whole inactivated IBV protected chicken against virulent 

challenge (Cavanagh et al., 1986). In the present study, an approximately 400-bp 

region of S1 gene covering HVR 3 were amplified and used for typing the field isolates 

in Egypt. Here, six IBV isolates were analyzed by sequencing of the HVR 3 in S1 

gene. The molecular data indicated that the recent IBV isolated in Egypt evolved 

separately into two genotypes: GI-1 (classic) and GI-23 (variant II) according to 

(Valsastro et al., 2016). In Egypt, IBV variants were distinguished into 2 genotypes of 

Variant II, Egyptian variant I (IS/1494) and Egyptian variant II (IS/885) (Abd El 

Rahman et al., 2015) (Abdel-Moneim, et al., 2002) (Abdel-Moneim, et al., 2012) .The 

previous groupings were based on the sequence of either the HVR1-2 or the HVR 3 

region only. Accordingly for accurate genotyping, full S1 gene sequencing including 

the three HVRs should be performed (Selim et al., 2013) (Ali Zanaty et al., 2016).  

 Pathogenicity study was conducted on day old SPF chicks because it is most susceptible 

for infection at that age and also they are free of antibody titers against IBV as well as other 

infectious agents (Dhinkar and Jones, 1996a). The clinical signs in very young chicks are more 

severe than in older chickens (Mohamed, 2005). In two groups out of five that experimentally 

inoculated by variant II strain, mortality rate was (50%) and (20%) these findings agreed with 

those recorded by (Wang et al., 1996), who reported that in experimentally infected chicken 

groups with IBV alone ,mortality rates were ranged from 10, 20, 50 and 60 %.IBV strains were 

able to induce respiratory signs after experimental infection with different clinical scores and 

these findings matched with (Ignjatovic and Sapats 2000), who reported that virulence and 

pathogenicity of IBV strains for the respiratory tract, kidney or oviduct are different. In this 

study the group inoculated by Classic strain was showed only 10% mortality and mild respiratory 

signs and this agreed with (Cavanagh and Naqi, 1997) who reported that IBV strain of the 

(Mass) serotype produce prominent respiratory disease. Most of these viruses did not induce 

mortality when present alone but, in experimental infections, different mortality rates were 

reported, indicating the different pathogenic potential of IBV to predispose occurrence of 

airsaculitis, pericarditis and perihepatitis in birds (Smith et al., 1985). The clinical scores were 

recorded according to (Avellaneda et al., 1994) (Wang and Huang, 2000) as following Score 0 = 

No clinical signs; Score 1 = Lacrimation, depression, watery feces. Score 2 = Lacrimation, 

presence of nasal exudate, depression, watery feces. Score 3 = Strong (lacrimation, presence of 

nasal exudate, depression), severe watery feces. The recorded clinical scores were 3 for (IB-

FI18-299F and F135-299F) and 2 for (IBV-S120-299F, IB-F1083-299F, IB-F632H11-299F) and 

1 for (IBV-F678-F299) (Table 3). Pathogenicity indices were 16, 22, 18, 17, 25 and 7 for (IBV-

S120-299F, IB-FI18-299F, IB-F1083-299F, IB-F632H11-299F, IB-F135-299F and IBV-F678-

F299) respectively. Based on the necropsy of kidney and trachea of the survivor and dead chicks, 

isolates could be classified according to the pathogenicity index (Avellaneda et al. 1994) (Wang 

and Huang, 2000) to high (IB-FI18-299F and F135-299F) and intermediate (IBV-S120-299F, 

IB-F1083-299F, IB-F632H11-299F) and low (IBV-F678-F299) (Table 5), there is no a 

relationship between genotype and pathotype on basis of S1 gene or even one of its 

hypervariable regions sequencing (Wang and Huang, 2000) also molecular variation in the S1 

gene, which encodes for the cell-attachment proteins, might result in alteration in tissue tropisms 

(Casais et al., 2003) and also this agreed with (Zanella et al., 2003; Worthington et al., 2008) 

who reported that although the QX strain was initially isolated in cases of proventriculitis (Liu 

and Kong, 2004)  , but later QX-type strains were isolated in cases suffered from drop in egg 
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production and renal damage, indicating that viruses of the same genotype or serotype can have 

different cell tropisms and multiple pathological patterns. In orthomyxoviruses and 

paramyxoviruses the cleavage recognition site sequence correlates with pathogenicity but in IBV 

it doesn’t correlate with pathogencity because attenuated and pathogenic isolates (different 

passages of homologus virus) contain the same cleavage recognition site sequences and also the 

number of basic residues around the cleavage recognition site does not appear to correlate with 

increased cleavability (Jackwood et al., 2001). It is important to note that it is not possible at the 

present time to differentiate vaccine and pathogenic field strains on the basis of sequencing of 

the S gene (Jackwood and de Wit, 2013) so sequencing of the whole genome is needed because 

there are other genes associated with IBV pathogenicity as the accessory protein genes (Shen et 

al., 2003; Youn et al., 2005) and also replicase gene as replacing the complete replicase gene of 

the pathogenic IBV M41 strain with that of a non-pathogenic Beaudette-derived gene 

demonstrated that the IBV replicase gene as a determinant of pathogenicity (Armesto et al., 

2009).  

Haemagglutination inhibition (HI) has been used for serotyping of IBV isolates 

(Alexander et al., 1983; King & Hopkins, 1984). Hemagglutination inhibiting 

antibodies are induced against S1 spike protein (Cavanagh et al., 1984, Ignjatovic and 

Galli, 1994a). HI test usually detects first antibodies between 1 and 2 weeks post-

infection (Gough and Alexander, 1978) (De Wit et al., 1997).Cross HI test used for 

measurement of Antigenic relatedness (r values) according to (Gelb et al., 1997) 

ranged from 0 for isolates that were antigenically unrelated to 100 % for isolates that 

were identical. Isolates with r values between 50 and 100 % were considered to be 

antigenically related .Antigenic relatedness between the classic H120 and variant II 

viruses was (62.5% to 75 %) and the amino acid identity was (73.1% to 80.7%) ,while 

the antigenic relationship between the variant II isolates showed that IB-F135-299F 

and IB-FI18-299F were antigenically identical (100%) and their amino acid identity 

was (91.6%) , moreover both of them relates antigenically to IB-F632H11-299F with 

93.5% and genetically with (90.8 to 91.6%). Finally, IBV-S120-299F / IB-F1083-299F 

related to each other and other isolates antigenically with 87.5% and genetically with 

(88.2% – 93.3%).These results indicates that there is cross protection between variant 

II strains and it needs more study to evaluate the real protection using challenge test 

and there is a very weak cross protection between the classic and variant II strains 

according to Cross HI results. Finally , the conclusion of our study is that the recent 

Egyptian IBV strains continually evolved over time and at least two groups of viruses 

are circulating (Classic – Variant II) which are distinctly apart from each other 

according to genetic and antigenic studies. It is recommended to continue evaluate 

different IB vaccination protocols and to estimate the need of a new vaccine production 

from the circulating strain to help in controlling the disease and to reduce the economic 

losses in poultry production in Egypt also continuing surveillance of IBV in the field to 

evaluate the molecular changes of the virus and conducting challenge studies to 

evaluate the efficacy of vaccination. 
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