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Abstract
AIM: To characterize the circulating infectious bronchitis vaccine (IBV) strains in Egypt depending on the sequence of the S1 gene (HVR-3) and to study the pathotypic features of these strains.
METHODS: In this work, twenty flocks were sampled for IBV detection using RRT-PCR and isolation of IBV in specific pathogen free (SPF) chicks during the period from 2010 to 2015. Partial sequencing and phylogenetic analysis of 400 bp representing the hypervariable region-3 (HVR-3) of the spike-1 (S1) gene was conducted. Pathotypic characterization of one selected virus from each group (Egy/Var-I, Egy/Var-II and classic) was evaluated in one day old SPF chicks. The chicks were divided into 4 groups 10 birds each including the negative control group. Birds were inoculated at one day by intranasal instillation of 105EID50/100 μL of IBV viruses [IBV-EG/1212B-2012 (Egy/Var-II), IBV/EG/IBV1-2011 (Egy/Var-I) and IBV-EG/11539F-2011 (classic)], while the remaining negative control group was kept uninfected. The birds were observed for clinical signs, gross lesions and virus pathogenicity. The real-time rRT-PCR test was performed for virus detection in the tissues. Histopathological examinations were evaluated in both trachea and kidneys.
RESULTS: The results revealed that these viruses were separated into two distinct groups; variant (GI-23) and classic (GI-1), where 16 viruses belonged to a variant group, including 2 subdivisions [Egy/Var-I (6 isolates) and Egy/Var-II (10 isolates)] and 4 viruses clustered to the classic group (Mass-like). IBV isolates in the variant group were grouped with other IBV strains from the Middle East. The variant subgroup (Egy/Var-I) was likely resembling the original Egyptian variant strain (Egypt/Beni-Suif/01) and the Israeli strain (IS/1494/2006). The second subgroup (Egy/Var-II) included the viruses circulating in the Middle East (Ck/EG/BSU-2 and Ck/EG/BSU-3/2011) and the Israeli strain (IS/885/00). The two variant subgroups (Egy/Var-I and Egy/Var-II) found to be highly pathogenic to SPF chicks with mortalities up to 50% than those of the classic group which was of low virulence (10% mortality). Pathogenicity indices were 25 (Egy/Var-II), 24 (Egy/Var-I) and 8 (classic); with clinical scores 3, 2 and 1 respectively.
CONCLUSION: These findings indicated that the recent circulating Egyptian IBVs have multiple heterogeneous origins in marked diversifying nature of their spread, with high pathotype in specific pathogen free chicks. 
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Core tip: Infectious bronchitis became enzootic in Egypt with frequent outbreaks of different variant in broiler chickens in spite of intensive vaccination programs used causing severe infections. These manuscripts discuss the prevalence of these different variants with pathotyping of these variants in specific pathogen free chicks.
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INTRODUCTION
Infectious bronchitis virus (IBV) is a highly contagious viral disease causing severe economic losses in the commercial poultry industry and is ubiquitous in most parts of the world. IBV targets primarily the upper respiratory tract; however the nephropathogenic strains have a predilection for the kidney of young chickens causing nephritis that can produce significant mortalities[1-3]. In layers and breeders, a decrease in egg production and egg quality has been documented[4]. 
IBV is a coronavirus of genus Gammacoronavirus; family Coronaviridae order Nidovirales[5]. IBV is an enveloped virus and has a linear positive sense non-segmented single-stranded RNA genome, approximately 27.6 kb in length. Four main structural proteins construct the IBV particles; namely the phosphorylated nucleoprotein (N), the membrane protein (M), the spike glycoprotein (S) and the small membrane protein (E). The spike (S) glycoprotein is proteolitically cleaved into 2 separate subunits; the S1 and S2 polypeptide[6]. The S1 subunit is attached to the viral envelope and is responsible for fusion of virus envelope and the host cell membrane. It carries virus-neutralizing and serotype-specific determinants that located in the hypervariable regions (HVRs) of the S1 subunit[7]. Furthermore, S1 reveals high sequence variability than S2 subunit[8]. Hence, the evolutionary characterization and detection of IBV is mainly targeting the analysis of the variable S1 gene or the expressed S1 protein[9]. 
IBV variants are distributed worldwide, there are more than 20 IBV serotypes differentiated globally[10]. Genomic insertions, deletions, point mutations, substitutions and RNA recombination of the S1 gene are associated with the emergence of new variants[5,11]. Different serotypes of newly evolved variants from chickens may cause partially efficacious vaccines or even vaccine breaks[12].
In Egypt, IBV strains continue to spread everywhere in the country, and have been isolated from both vaccinated and non-vaccinated flocks[13]. Different genotypes were isolated from poultry flocks and they were similar to Massachusetts, D3128, D274, D08880, 793B (4/91 and CR88), IS/885/00 and Egypt/Beni-Suef/01[14-16]. In 2011, two Egyptian strains, named Egy/Var-II (Ck/Eg/BSU-2, 3/2011), were reported as a new IBV variant resembling IS/885/00 strain according to sequence of the HVR-3[16]. Recently in 2016, depending on the full S1 sequence, Valastro et al[9] clustered the Egyptian variant strains in the GI-23 lineage which represents the unique wild-type cluster geographically confined to the Middle East. 
Herein, twenty chicken flocks suffering from IBV-like symptoms were genetically and phylogenetically analyzed based on the HVR-3 of S1 gene and compared to the previously isolated Egyptian viruses and others from neighboring countries along with common vaccine viruses used. In addition, pathotyping of three viruses was carried out to determine the pathogenic type of isolates. The resulting information will provide a guide for the matching level between field and vaccine viruses and that will help for optimal use of existing live vaccines and plan for future vaccine strategy.
MATERIALS AND METHODS
Samples and flock history 
Samples were collected from twenty broiler farms from 11 governorates in Egypt, showing mild-to-severe respiratory signs, in the period between 2010 and 2015 (Table 1). Samples were delivered to the Reference Laboratory for Quality control on Poultry production (RLQP), Egypt. The chickens were vaccinated with H120 strain of IBV at one day of age. Chickens showed respiratory symptoms such as gasping, coughing, sneezing and tracheal rales with white diarrhea in some cases. Necropsy showed mild to severe tracheitis with congested lung. In addition, birds were suffering from kidney lesions such as enlargement, congestion, and uroletheasis. The samples were collected as pooled homogenate from trachea and kidney. Further, the samples were prepared as 10% w/v suspensions in PBS (pH 7.4) and centrifuged at 3000 rpm for 10 min; the supernatants were then collected for further analysis.
Virus detection and isolation

Viral RNA was extracted directly from the samples by using QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany), following the kit manufacturer’s instructions. The virus identification was confirmed by real-time reverse transcription-polymerase chain reaction (rRT-PCR) for the presence of the neucloprotein (NP) gene sequence of the IBV using Quantitect probe RT-PCR kit (Qiagen, Hilden, Germany), with specific primers and probe targeting the NP gene[17].
Viral isolation from trachea and kidney was performed according to Momayez et al[18]. Nine-eleven day old SPF chicken eggs were inoculated via the chorioallantoic route. Dead embryos were investigated for the presence of embryo stunting, curling, dwarfing, subcutaneous hemorrhage and ureate deposition in the mesonephros. The allantoic fluids from each sample were screened using rRT-PCR for further confirmation. 
Sequencing of the S1 gene and phylogenetic analysis

Positive virus screening was further tested using a specific primer set for the amplifications of the HVR-3 of the S1 gene using Qiagen one-step RT-PCR (Qiagen, Hilden, Germany), according to the manufacturer’s protocol[19]. Amplificates of 400 bp in size were excised and purified from gels using the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany). The purified RT-PCR products were sequenced using Bigdye Terminator V3.1 cycle sequencing kit (Perkin-Elmer, Foster City, CA) and Applied Biosystems 3130 genetic analyzer (ABI, United States). Sequences similarities and relationships of the HVR-3 of the S1gene from the 20 samples in this study were compared with previously published IBV vaccine and reference strains available in the public database (NCBI, United States). Amino acids phylogenetic tree was drawn for the sequenced isolates along with other vaccine and reference strains available in the GenBank database using MEGA version 6[20]. A comparative analysis of deduced amino acids and nucleotide sequences of the HVR-3 was created using the CLUSTAL W Multiple Sequence Alignment Program, version 1.83 of MegAlign module of Lasergene DNAStar software[21]. Sequences generated in the frame of this study were submitted to the GenBank database with accession numbers showed in (Table 1). 
Pathogenicity study

Forty SPF chicks of one-day-old were obtained from the Nile SPF company, Kom-Oshim, Fayoum, Egypt. The birds were housed in separate bio-safety level-3 chicken isolators in RLQP under strict hygienic conditions. Chickens were tagged with wing bands for identification and randomly divided into 4 groups 10 birds each including the negative control group. The first three groups were assigned for determination of pathogenicity. Birds were inoculated at one day by intranasal instillation of 105EID50/100 μL of IBV viruses (IBV-EG/1212B-2012, IBV/EG/IBV1-2011 and IBV-EG/11539F-2011) according to Purcell et al[22], while the remaining negative control group was kept uninfected.
The birds were observed for clinical signs, gross lesions and virus pathogenicity. The clinical signs were recorded daily for up to 14 d post-infection, according to clinical scoring formula presented by Wang et al[1]. Gross lesions in the trachea and kidney as well as pathogenicity index were calculated based on the criteria described in Wang et al[1]. The presence of IBV was checked in samples obtained from the inoculated groups at 14 d post-infection. The real-time rRT-PCR test was performed for the detection of virus in the tissues. Histopathological examinations were carried out on both trachea and kidneys, according to Bancroft et al[23].
RESULTS
Virus screening and isolation

Samples representing the twenty flocks in this study showed positive results for detection of IBV using rRT-PCR. Virus isolation was obtained from the homogenate pool of the trachea and kidney from each flock. The allantoic fluid from the 3rd passage of each sample further confirmed positive using rRT-PCR. 
Genetic and phylogenetic characterization
The 400 bp amplified PCR products of the HVR-3 of S1 gene were obtained from the 20 positive samples, then the partial sequencing of HVR-3 and sequence analysis was conducted. Phylogenetic tree was constructed from the amino acid sequences of HVR-3 of the S1 protein (Figure 1). The results indicated that Egyptian IBV viruses in this study were divided into two distinct groups (classic and variant). Sixteen isolates, isolate numbers 5 to 20 (Table 1), were found to be closely related to the variant group and 4 isolates, numbers 1 to 4 (Table 1), were genetically related to the classic genotype of Massachusetts strain.

The sixteen variant isolates were further subdivided into two subgroups: IBV Egy/Var-I and II. Where, virus isolates, numbers from 5-10 (Table 1), were found to be related to Egy/Var-I and they were very close to both the ancestral Egyptian virus (Egypt/Beni-Suef/01, Genbank accession number JX174183.1) and other viruses of Egy/Var-I available in the GenBank, also to IBV-IS-1494-06. They share amino acid identities from 96% to 100% with each other (Table 2). Virus isolates, numbers from 11 to 20, were clustered within the Egy/Var-II subgroup (Ck/Eg/BSU-2/2011, Ck/Eg/BSU-3/2011 and IBV/IS/885-00) and other Egyptian related strains in the GenBank (Table 2, Figure 1). 
Alignment analysis of the S1-HVR3 for both nucleotide and deduced amino acid were performed and compared with the previously published reference and vaccine IBV strains commonly used in the field (H120, Ma5, D274, 4/91, CR88121 and 1/96) as well as original Egyptian viruses Egy/Var-I and Egy/Var-II. One virus represents the consensus of each group was selected for the comparative analysis (Table 2). Classic Egyptian IBV isolates (1 to 4) showed amino acid identities reached up to 98% with the Mass-like strains (H120, Ma5 and M41), while they showed only about 78% amino acid identities with the variant group. In comparison to vaccine strains used in Egypt, the viruses isolated in this study share different amino acid identities: For Egy/Var-I strains, including strain number from 5 to10 they showed identity from 78% to 81% for strains H120, Ma5, 4/91, CR88, D274 and 1/96 (Table 2). In the meantime, Egy/Var-II strains shared 80% to 83% amino acid with them (Table 2). The strains included in the classic group (1 to 4) showed only about 71% to 76% with 4/91, CR88, D274 and 1/96 serotypes (Table 2). 
Pathogenicity
The pathogenicity of the IBV strains was evaluated by a standard pathogenicity assay using SPF chicken. For each group, the clinical and pathogenicity scores were recorded (Table 3, 4). In group 1 and 2 (inoculated with variant strains) sick chicks showed varying degrees of coughing, sneezing, tracheal rales, and watery feces. The severity of the signs increases in group 1 (Egy/Var-II) than group 2 (Egy/Var-I); however, for group 3 (classic strain) only mild respiratory signs were observed. The clinical scores were recorded in Table (4). The mortalities were 50%, 40%, and 10% and the recorded clinical scores were 3, 2 and 1 in the three groups 1, 2 and 3, respectively (Table 4).

Pathogenicity indices were 25, 24 and 8 for the isolates in groups 1 (Egy/Var-II), 2 (Egy/Var-I) and 3 (classic), respectively (Table 4). Based on the lesion in both kidney and trachea, isolates could be classified according to the pathogenicity index to high virulent (Egy/Var-II and Egy/Var-I) and low virulent (classic) (Table 4). The main commonly reported macroscopic lesions included: congestion with casious plug in the trachea, congested lung, swollen and congested kidneys with ureters distended with ureate. Grossly, the kidney lesions were more severe in Egy/Var-II group than in Egy/Var-I group; however, the lungs were only affected in Egy/Var-II group (Table 3, 4).While in the classic group the tracheal lesions were less severe than the other 2 variant groups.
Virus distribution in tissues following virus inoculation of one-day old SPF-chicks with 3 IBV isolated strains: IBV-Eg/1212B-2012 (Egy/Var-II), IBV-Eg/IBV1-2011 (Egy/Var-I) and IBV-Eg/11539F-2011 (Mass-like) were described (Table 5). The virus was found in the trachea and kidney in groups infected with variant strains (Egy/Var-I, Egy/Var-II). The virus was not detected in the lungs of Egy/Var-I group also from lung and kidney of the classic group. The negative control group had no virus in tissues (Table 5).

Microscopic examination of sacrificed birds at 14 d Post- infection and freshly dead birds revealed marked loss of cilia, epithelial desquamation, lymphocytic cell infiltration, epithelial hyperplasia and congested trachea in both 2 subgroups of variant viruses (Egy/Var-I, Egy/Var-II) (Figure 2A and B). Kidneys showed severe changes, including hemorrhages, degeneration in renal tubules and hyper cellularity of the renal glomeruli as well as focal infiltration of inflammatory lymphocytes in group 1 (Egy/Var-II) of variant viruses and to lesser extent in group 2 (Egy/Var-I,) (Figure 2C and D). The lesion for the classic group 3 of Eg/11539F-2011 (Mass-like) showed the lowest severity in trachea and kidneys in comparison to variant groups (data not shown).
DISCUSSION
One of the main problems of IBV is the frequent emergence of several IBV serotypes or antigenic variants due to high rates of S1 gene mutation[2,24]. Therefore, it is important to detect these new emerging viruses and to choose an appropriate vaccine against IBV infection. In the S1 gene, there are three HVRs located within amino acids 38-67 (HVR-1), 91-141 (HVR-2) and 274-387 (HVR-3)[25]. Genotyping of IBV based on S1 gene sequencing, especially the HVRs, is the most reliable way to classify IBV isolates. Usually IBV serotypes have a wide range of genetic variations in the S1 gene ranged from 2% to 25%[6,26]. In Egypt, many strains of live attenuated and inactivated vaccines used to control IBV. However, the outbreaks of the disease have continued to cause severe infections[13].
In this work, 20 IBV isolates from commercial broiler chicken flocks from 12 governorates were genotyped by sequencing of the HVR-3 of the S1 gene. The molecular data indicated that the IBVs isolated in Egypt during the last five years evolved into two groups; variant (GI-23) and classic (GI-1). The strains of the variant group (GI-23) are indigenous and predominate in the Middle East[9], and in Egypt were subdivided into 2 subgroups according to the sequence of the HVR-3[14,16]. The first subgroup of Egy/Var-I, represented by 6 viruses (Table 1), is very close to the original Egyptian strain Egypt/Beni-Suef/01 and to Ck/EG/BSU-1,4,5/2011 isolated in 2011[16]. In this work, viruses of Egy/Var-I subgroup were also found to be closely related to IS/1494/2006 with 96%-97% amino acid identity. The second subgroup Egy/Var-II included 10 viruses and they were mostly related to IS/885/00 strain with 90% amino acid identities (Tables 1 and 2, Figure 1). Accordingly, Egy/Var-II subgroup was shown to be widely spread in Egypt during the last 5 years[15,16]. However, full genome sequencing will provide more accurate information about different subgroups[9]. In the meantime, the 4 isolates in the classic group (Mass-like strain of GI-1) were genetically related to Massachusetts strains and had the same phylogenetic origin. It showed high amino acid similarity (98%) to H120 and Ma5 vaccine strains with 95% nucleotide identities (Table 2, Figure 1). The four isolates of Mass-like strain were obtained from vaccinated farms with the same strain. Furthermore, previous studies have confirmed that live IBV vaccines persist in chicks for many weeks after administration with virus isolation[27-29]. 
Phylogenetic analysis revealed that the variant IBV isolates (Egy/Var-I and Egy/Var-II) had a distant relation to vaccine strains commonly used in Egypt, including Ma5, H120, M41, 4/91, CR88, D274 and 1/96 (Table 2, Figure 1). The new IBV variants frequently emerge as a result of a few changes in the amino acid structure along the S1 protein [6]. These changes may be due to immunological pressure caused by the wide use of live vaccines of different strain types along with field virus infection. This can lead to genetic alterations and recombinations allowing new field strains to evolve[3]. 
In this work, the three IBV strains (IBV-Eg/1212B-2012 of Egy/Var-II, IBV-EG/IBV1-2011 of Egy/Var-I and IBV-EG/11539F-2011 of classic Mass-like genotype) were able to induce respiratory signs post-inoculation with clinical scores of 3, 2 and 1; respectively (Table 4). In addition, respiratory and renal lesions were recorded (Tables 3 and 4). The virulence of the three strains (Egy/Var-II, Egy/Var-I and classic Mass-like) was assessed in one-day-old SPF chicks for comparison. The three IBV strains were able to produce 50%, 40% and 10% deaths; respectively. It is well known that the most severe clinical symptoms of IBV appear in very young chicks and the severity decreased in older chickens[30]. This fact explains the high mortality rate observed in infected chicks with IBV-Eg/1212B-2012 (50%) and IBV/EG/IBV1-2011 (40%) (Table 4). These findings matched with Wang et al[31], who reported mortality rates ranged from 10% to 60% in experimentally infected chicks with QX strain of IBV. Furthermore, these findings agreed with Ignjatovic et al[32], who found that strains of IBV differed in their virulence for the respiratory tract, kidney or oviduct. The majority of IBV strains, including those of the Mass-like serotype produce prominent respiratory disease[33]. The possibility of re-isolations of H120 vaccine strain cannot be excluded. Although vaccine strains induced lesions in chickens, but the mortality did not exceed 10%[31].

Trachea, lung and kidney were collected from infected birds after intra-nasal inoculation and the virus tropism was detected by rRT-PCR, the results were shown in Table 5. IBV nucleic acids were detected more frequently in the tracheal tissues than in the lungs, and kidney (Table 5). Terrigino et al[34] isolated IBV from kidney, trachea, ovary, and oviduct following infection with the QX-IBV strain.
The presence of acute interstitial nephritis and gross renal ureates deposition and histological lesions in the experimental chicks at day 14 post infection indicated that IBV-Eg/1212B-2012 and IBV-EG/IBV1-2011 were nephrogenic viruses. Severe renal hemorrhages were observed grossly and histopathologically in dead birds for the two viruses denoting that the deaths might be resulted from acute renal failure rather than the respiratory distress (Figure 2). Similarly, variants of IBV were reported as nephrogenic strains in Egypt: D274, D3896, D1559, Egypt/Beni-Suef/01, 720/99 Israel, 4/91, IS/1494[13,29]. The microscopic picture of the renal tubules matched with the general findings recorded with nephrogenic IBV strains[35].

Regarding microscopic lesions in trachea associated with IBV infection in day old SPF chicks and examined at 14 d pi, the findings appeared similar to those previously recorded by Cavanagh et al[33], including: deciliation, degenerative changes and edema of the tracheal mucosa, irregular loss of epithelium, desquamation of the epithelium in the tracheal lumen, goblet cell activation and focal aggregation to diffuse massive lymphocytic infiltration (Figure 2).

In conclusion, our results provide evidence of evolving the recent Egyptian IBV strains and showed two groups of variants are co-circulating in Egypt with high mortality in SPF chicks. The distinctive dissimilarity between these variants and the widely used IBV vaccine reveal that the antigenic drift is likely to occur under the long-term immune pressure. Further epidemiological surveillance studies are needed in order to explain the mechanism of emergence of variants and their biological properties, including pathogenicity and vaccine trails to help in disease control.
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Background
Infectious bronchitis virus (IBV), a major pathogen of commercial poultry flocks, circulates in the form of different genotypes. Three IBV genotypes were isolated from broiler chickens showing severe respiratory and renal lesions in vaccinated and non- vaccinated flocks.
Research frontiers

Different research articles discuss the current situation of IBV depending on the sequence of either HVR-1, 2 or HVR-3 of the S1 gene. While other characterize IBV depending on the full S1 gene sequence.
Innovations and breakthroughs
In this study accurate genotyping of IBV was made by full S1 gene sequencing. The virulence of the three genotypes characterized in Egypt (Egy/Var-II, Egy/Var-I and Mass-like) was assessed in one-day-old SPF chicks for comparison.
Applications
This work includes detection of the currently circulating strains of IBV. The high genetic variation between these variants and the widely used IBV vaccine reveal that the antigenic drift is likely to occur under the long-term immune pressure. Also, this work focus on the high mortality caused by the variant strains of IBV in the poultry flocks.
Terminology
Hyper-Variable Region 3 (HVR-3), a part of the S1 gene used intensively to characterize IBV genotype.
Peer-review

In this study, Ali Zanaty et al isolated 20 IBV isolates from 20 chicken flocks in Egypt and characterized the genotypes of the isolates to be two groups (classic and variant, and the latter was further classified into two subgroups) and tested the pathogenicity of three selected isolates to SPF chicks. The work contributed to the epidemiology and biology of IBV. The experiments were well designed and the manuscript is well organized.
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Table 1 Phylogenetic grouping of infectious bronchitis vaccine in the study

	Isolate no. 
	 Isolate name 
	Age of birds (d)
	Governorate 
	GeneBank accession number
	Phylogenetic group

	1
	IBV-EG/12773F(3)-2012
	20
	Beni-Suef
	KC608180
	Classic1

	2
	IBV-EG/11539F-2011
	23
	Kafr-El-Shikh
	JQ839289
	Classic 

	3
	IBV-EG/10643F(1-7)-2010
	19
	Sharqia
	KC608171
	Classic 

	4
	IBV-EG/116F-1(1)-2011
	30
	Gharbia
	KC608176
	Classic 

	5
	IBV-EG/11673F-2011
	20
	Alexandria
	KC608173
	Egy Var I

	6
	IBV-EG/11413F-2011
	25
	Sharqia
	KC608177
	Egy Var I

	7
	IBV-EG/10324F-2010
	17
	Giza 
	KC608172
	Egy Var I 

	8
	IBV-EG/1299B-2012
	18
	Fayoum
	KC608182
	Egy Var I

	9
	IBV-EG/1196F-2011
	15
	Behira
	KC608174
	Egy Var I

	10
	IBV/EG/IBV1-2011
	25
	Suez
	JQ839288
	Egy Var I

	11
	IBV-EG/1138F-4-2011
	18
	Dakahlia
	KC608175
	Egy Var II

	12
	IBV-EG/Qalyobia/121-2012
	22
	Qaliobeya
	KC608181
	Egy Var II

	13
	IBV-EG/1212B-2012
	14
	Al Behira
	JQ839287
	Egy Var II

	14
	IBV-EG/1293B-2012
	21
	Fayoum
	KC608178
	Egy Var II

	15
	IBV-EG/1262F(3)-2012
	28
	Ismalia
	KC608179
	Egy Var II

	16
	CH/EGYPT/13200F/2013
	20
	Giza
	KT832805
	Egy Var II

	17
	CH/EGYPT/13950F/2013
	25
	Alexandria
	KT832806
	Egy Var II

	18
	CH/EGYPT/14251F/2014
	22
	Suez
	KT832807
	Egy Var II

	19
	CH/EGYPT/141107F/2014
	32
	Giza
	KT832808
	Egy Var II

	20
	CH/EGYPT/15919F/2015
	26
	Dakahlia
	KT832809
	Egy Var II


1Massachusetts - like strain.
Table 2 Nucleotide and deduced amino acid identities of infectious bronchitis vaccine Egyptian isolates with other selected references and vaccine strains from different serotypes
	Strain name

Amino acid identity % (bolded)
	Egypt/Beni-Suef/01
	IB-isolate-variant-2-S1
	IBV-IS-1494-06-S1
	IBV-isolate-IS-885-S1
	QXIBV
	IBV-H120
	IBV-Ma5
	IBV-M41
	IBV-variant-1-S1-(1/96)
	IBV-4-91
	IBV-CR12188
	IBV-D274
	IBV-Eg/11539F-2011 (Classic)
	IBV-Eg/IBV1-2011 (EGY-Var-1)
	IBV-Eg/1212B-2012 (EGY-Var-2)

	1
	Egypt/Beni-Suef/01
	
	72
	73
	70
	86
	65
	65
	64
	81
	68
	80
	82
	68
	98
	89

	2
	IB-isolate-variant-2-S1
	97
	
	99
	92
	91
	87
	87
	87
	63
	90
	63
	66
	84
	70
	67

	3
	IBV-IS-1494-06-S1
	99
	98
	
	94
	91
	87
	87
	87
	63
	90
	63
	66
	84
	71
	68

	4
	IBV-isolate-IS-885-S1
	90
	88
	90
	
	90
	86
	86
	86
	63
	89
	62
	65
	83
	69
	69

	5
	QXIBV
	86
	85
	86
	84
	
	85
	85
	85
	63
	92
	63
	65
	82
	67
	66

	6
	IBV-H120
	79
	79
	79
	76
	76
	
	100
	100
	61
	83
	60
	65
	95
	65
	64

	7
	IBV-Ma5
	79
	79
	79
	76
	76
	100
	
	100
	61
	83
	60
	65
	95
	65
	64

	8
	IBV-M41
	79
	79
	79
	76
	76
	99
	99
	
	61
	83
	60
	65
	95
	65
	64

	9
	IBV-variant-1-S1 (1/96)
	80
	80
	80
	79
	85
	72
	72
	71
	
	69
	98
	82
	63
	80
	81

	10
	IBV-4-91
	83
	83
	83
	82
	87
	74
	74
	73
	95
	
	68
	66
	80
	66
	65

	11
	IBV-CR12188
	82
	81
	82
	80
	86
	72
	72
	71
	96
	95
	
	83
	62
	79
	80

	12
	IBV-D274
	82
	82
	83
	80
	83
	78
	78
	77
	80
	83
	83
	
	68
	82
	81

	13
	IBV-Eg/11539F-2011 (Classic)
	77
	77
	77
	74
	74
	98
	98
	97
	71
	73
	71
	76
	
	81
	78

	14
	IBV-Eg/IBV1-2011 (EGY-Var-1)
	97
	94
	96
	88
	84
	81
	81
	81
	78
	81
	80
	80
	79
	
	88

	15
	IBV-Eg/1212B-2012 (EGY-Var-2)
	89
	87
	89
	90
	83
	80
	80
	80
	81
	83
	81
	82
	78
	87
	


Table 3 Necropsy findings of specific pathogen free chicks infected with infectious bronchitis vaccines at one-day-old and the examined survivor and dead birds during the 14 d observation
	Group
	IBV isolates code
	Necropsy

	
	
	Trachea
	Kidney

	
	
	No Lesion
	Slight

mucin
	Excessive

mucin
	Mucosal congestion
	No Lesion
	Swelling
	Ureate
	Congestion

	1
	IBV-EG/1212B-2012 
	0
	2
	5
	3
	0
	6
	2
	2

	2
	IBV-EG/IBV1-2011 
	0
	5
	3
	2
	0
	5
	2
	3

	3
	IBV-EG/11539F-2011 
	3
	6
	0
	1
	10
	0
	0
	0

	4
	Negative control 
	10
	0
	0
	0
	10
	0
	0
	0


Kidney and trachea score = No of chicks with lesion score of ≥ 1. IBV: Infectious bronchitis vaccine.

Table 4 Pathogenicity index based on clinical scoring and necropsy of kidney and trachea of specific pathogen free chicks infected at one-day-old with infectious bronchitis vaccines with examining survivors and dead birds during 14 d observation
	Group
	IBV isolates code
	Observation record
	Clinical score1
	Gross lesion score2
	Pathogenicity index3
	Pathotyp4

	
	
	Dead
	Survived
	Mortality %
	
	Trachea
	Kidney
	
	

	1
	IBV-EG/1212B-2012
	5/10
	5/10
	50%
	3
	10
	10
	25
	High

	2
	IBV-EG/IBV1-2011
	4/10
	6/10
	40%
	2
	10
	10
	24
	High

	3
	IBV-EG/11539F-2011
	1/10
	9/10
	10%
	1
	7
	0
	8
	Low

	4
	Negative control
	0/10
	10/10
	0%
	0
	0
	0
	0
	No


1Clinical score[2,28]: Score 0: No clinical signs; Score 1: Lacrimation, slight shaking of head, watery feces; Score 2: Lacrimation, presence of nasal exudate, depression, watery feces; Score 3: Strong lacrimation, presence of nasal exudates, severe watery feces; 2Kidney and trachea score: No of chicks with lesion score of ≥ 1; 3Pathogenicity index: No of chicks with lesion score ≥ 1 + 1 point for every 10% mortality; 4Pathotypes: Low (pathogenicity index value 1-9), intermediate (pathogenicity index value 10-18), High (pathogenicity index value ≥ 19).

Table 5 Virus detection from various organs of chicks post-inoculated with different infectious bronchitis vaccines using reverse transcription-polymerase chain reaction
	Group
	IBV isolates
	Phylogenetic group
	Virus detection (Number of positive/Total)

	
	
	
	Trachea
	Kidney
	Lung

	1
	IBV-Eg/1212B-2012
	Egy Var II
	10/10
	9/10
	6/10

	2
	IBV-EG/IBV1-2011
	Egy Var I
	8/10
	10/10
	0/10

	3
	IBV-EG/11539F-2011
	Classic (Mass-like strain)
	5/10
	0/10
	0/10

	4
	Negative control
	
	0/10
	0/10
	0/10


IBV: Infectious bronchitis vaccine.
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Figure 1 Phylogenetic tree representing the partial amino acid sequences of the S1 gene for 20 infectious bronchitis vaccine isolates (Marked with black diamond) with other related infectious bronchitis vaccine and reference strains.
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Figure 2 Histopathology illustration of the trachea and kidney from experimentally infected chickens. A: Trachea (from Group 1) showed subepithelial hemorrhage accompanied with goblet cell activation, inflammatory cells and edema; B: Trachea (from Group 2) with focal aggregation of lymphocytic cells and epithelial desquamation, ulceration accompanied with goblet cell hypertrophy; C: Kidney (from Group 2) showed glomerular edema and glomerulonephritis with extravasation of blood vessels between renal tubules; D: Kidney (from Group 1) with severe necrosis of renal tubules and focal lymphocytic aggregation; E: Trachea of negative control group; F: Kidney of negative control group (H and E, × 20).
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