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Background: Infectious Bronchitis (IB), caused by the infectious bronchitis virus
(IBV), is a significant contagious respiratory disease in the poultry industry. The
emergence of new variants represents a global challenge for the diagnosis and
control of the disease. Despite vaccination efforts in poultry farms in the Abu Dhabi
Emirate, United Arab Emirates (UAE), outbreaks continue to occur, raising concerns
about the efficacy of vaccination protocols and the potential emergence of new
viral strains. This study aims to provide information on clinical, pathological, and
genotypes of IBV detected within the Abu Dhabi Emirate, during 2022-2023.

Methods: Epidemiological data were collected from twelve suspected IB outbreaks
across seven broiler farms located in the Abu Dhabi Emirate. The cases were
investigated through clinical and pathological examinations and Forty-six samples,
including lung, spleen, kidney tissues, and oro-cloacal swabs, were collected
for further analysis. The virus was detected by RT-gPCR assay, genotyping was
determined by phylogenetic analysis of the Spike (S)-1 gene, and differentiation
between field and vaccine strains was determined by comparing their sequences.

Results: The age of the affected flocks varies from 2 to 5 weeks. The highest
morbidity, mortality and case fatality rates were 36, 33, and 95%, respectively.
Necropsy examination revealed characteristic respiratory and renal pathological
lesions. Phylogenetic analysis revealed a co-circulation of three lineages of IBV
genotype GI-13 or 4/91 serotype (81.8%), Gl-1 or Massachusetts serotype (9.1%)
and GI-23 or Middle East serotype (9.1%). Approximately 90.9% of the strains
classified within GlI-1 and G1-13 lineages are 99 to 100% identical to 4/91 and
Mass serotypes, respectively, and are considered as vaccine strains. Two strains
(9.1%) classified within GI-23 lineage have a < 99% identity to the 4/91 and Mass
serotypes vaccine strains and are considered as filed strains.

Conclusion: Co-circulation of three IBV lineages (GI-13, GI-1, and GI-23) in the
Abu Dhabi broiler flocks showing IB symptoms were detected. This complex
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scenario of different IBV lineages circulation may account for the persistent
outbreaks despite vaccination efforts. The results of the study are crucial for
optimum IB vaccination and monitoring strategies or designing new vaccines
based on local IBV field strains.

KEYWORDS

infectious bronchitis virus, clinical, pathology, lineage, United Arab Emirates

1 Introduction

Avian infectious bronchitis (IB) represents a persistent challenge
in the poultry industry (1, 2), as it induces significant economic losses
(3). The disease, caused by the infectious bronchitis virus (IBV) (4, 5),
which is a member of the Gammacoronavirus genus within the family
of Coronaviridae (6). As a highly contagious pathogen, the virus
affects multiple physiological systems in chickens, including
respiratory tract, kidneys, and the reproductive organs, affecting all
age groups of chickens (7). Clinically, the infected chickens manifests
diverse symptoms ranging from respiratory signs such as coughing,
sneezing, nasal discharge to reproductive signs like reduced egg
production, eggshell deformities, and the occurrence of false layers (8,
9). In young birds, the mortality rate can reach up to 20-30%, while
the morbidity often approcahes100% (10). The disease severity is
increased by secondary bacterial and viral infections including
Escherichia coli (E. coli), infectious bursal disease virus (IBDV) and
MareK’s disease virus (10), further complicating the IB management.

The IBV transmission occurs through direct contact with infected
birds or indirectly through contaminated feed, water, aerosol droplets
and other fomites (11, 12). Pathological changes frequently reported
in the respiratory and urinary systems include trachea congestion and
mucus depositions, while kidneys showed enlargement and
discoloration with the presence of whitish materials (13-15). These
clinical and pathological finding of the disease, however are not
definitive, warranting further epidemiological investigations and
laboratory confirmation of the disease (16, 17).

Vaccination remains the most effective approach for IB
prevention, relying primarily on live-attenuated and killed vaccines
formulations (18). Despite their widespread use, outbreaks of IB
persist in vaccinated flocks, often attributed to antigenic variations
between vaccine strains and emerging field strains. In some instances,
live vaccine strains have been implicated in numerous IB outbreaks
(19, 20), highlighting the complexity of the disease management.

A critical component of IBV control is understanding its genetic
diversity. This is typically achieved through sequencing and
phylogenetic analysis of the spike 1 (S1) gene, which is part of spike
glycoprotein (S) that is cleaved into two proteins (S1 and S2) during
the post-translational modification (21, 22). The S1 protein, a
determinant of the virus serotype and immunogenicity, frequently
undergoes genetic modifications, including amino acid substitutions,
insertions, and deletions (22). These changes can lead to the
emergence of novel serotypes, vaccination failure and necessitating the
development of new homologous vaccines. Even minor variations in
the S1 subunit, such as substitutions of 10-15 amino acids (2-3%), can
generate serotypes distinct from those targeted by existing
immunization programs (23, 24).

Based on the complete sequences of the S1 gene, the IBV strains
were grouped into 9 major genotypes (GI- GIX) (24, 25). The GI
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genotype contained 1 to 31 lineages (24-26), while each of the other
genotypes has only one lineage. Lineages such as GI-1 (Massachusetts
or Mass type), GI-13 [4/91 (793B or CR88)-like], GI-19 (LX4 or QX),
GI-16 (Q1), GI-21 (Italy02) are globally distributed (27), and are the
most commonly used as vaccine strains. In contrast, the GI-23 lineage
(Is-Variant2, also known as Middle East type) and its variants, is
predominantly found in the Middle East (24), and currently endemic
across Europe and Asia, with no homologous vaccine available in use
(24, 28-32).

In Middle Eastern countries, there have been numerous sporadic
reports of IB from different countries, including Jordan (33), Egypt
(34), Iran (35), Libya (36) and Oman (37) with the most prevalent
serotype being 4/91 or 793B (43.66%), representing the GI-13 lineage.
Co-circulation of different IBV lineages was observed in some
countries such as the co-existence of GI-23, GI-1, GI-12, GI-13, GI-19
lineages were reported in Iran (38, 39), whereas the GI-13 or 4/91 IBV
(31%), GI-16 or CK/CH/LDL/97I IBV (28.6%), GI-1 or Mass IBV
(19%), and GI-23 or Middle East IBV (21.4%) were reported in
Saudi Arabia (40). In the UAE (2010-2014), the 793/B (GI-13) strain
represents the common genetic lineage that infects chicken flocks,
while the Mass (GI-1) and D-274 (GI-12) strains were the least
widespread genotypes detected (28, 41).

In the Abu Dhabi Emirate, IBV outbreaks have been reported
despite vaccination practices using the Mass serotype alone or
combined attenuated vaccines (Ib4/91 + Ma5 or Ma5 clone 30).
Between 2022 and 2023, multiple outbreaks occurred in broiler farms,
including vaccinated ones, leading to significant economic losses.
Despite these challenges, the genotyping of the circulating IBV strains
in Abu Dhabi farms and its relationship with global strains has not
been evaluated, which represents a gap in vaccination strategies and
disease control requirements. Here, we undertook epidemiological,
clinical, pathological, and molecular investigations followed by
sequencing and phylogeny of the S1 gene to diagnose and genotype
the IBV in seven commercial broiler farms that presented clinical
signs of IB. We further investigated whether the UAE-IBV strains
belonged to field or vaccine strains. To our knowledge, this is the first
comprehensive study to describe and genotype IBV in the UAE.

2 Materials and methods

2.1 Epidemiological data, necropsy, and
sampling

Twelve IB outbreaks that occurred in broiler farms in the Abu
Dhabi Emirate between August 2022 (n = 6) and May 2023 (n = 6)
were reported by Abu Dhabi Agriculture and Food Safety Authority
(ADAFSA) veterinarians, along with case histories, epidemiological
information, and clinical symptoms. These outbreaks, originating
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from seven different farms, six farms (labeled A, B, C, E, F, and G) are
located in the Al Ain region, while one farm (farm D) is located in the
Abu Dhabi region (Figure 1; Table 1). Some farms experienced
repeated infections, with Farm C encountering two occurrences and
Farm A experiencing five episodes. Suspected IBV cases (seventy-nine
broiler chickens of different ages and disease stages, as well as recently
dead chickens) collected from different farms were submitted to
ADAFSA Veterinary Laboratories for necropsy examination and
subsequent laboratory analysis (Table 1).

Gross lesions were documented, and tissue samples from different
chickens, including lung, kidney, trachea, and spleen, were collected
and fixed in 10% neutral formalin for histopathological analysis.
Following necropsy examinations, 46 tissue and swab samples,
including lung (n = 25), spleen (n = 4), kidney (n = 12), and oro-cloacal
swabs (n =5) were collected from 34/79 (43%) necropsied broiler
chickens. IBV-suspected broiler chickens (Table 1) were refrigerated
and shipped to the ADAFSA veterinary laboratory in Abu Dhabi for
RT-qPCR confirmatory testing. All tests performed in this study were
in the context of routine diagnosis and clinical activities, with no
experimental treatments or additional assays applied during the study
period. The approval of the use of samples and animals for research
was obtained from the owner before their inclusion in the study.

2.2 Histopathological examination

Tissue samples, including lung, kidney, trachea and spleen, were
fixed in 10% neutral formalin for 24-48 h at room temperature and

10.3389/fvets.2024.1474181

processed for histopathological examination according to the standard
methods (42). Formalin-fixed tissue samples were processed in an
automatic tissue processor (ATP1-220, Triangle Biomedical Sciences,
Durham, USA), embedded in paraffin wax, and cut into 5 pm thick
sections. Histologic sections were stained with Hematoxylin and Eosin
(H & E) (Thermo Fisher Scientific, Runcorn, Cheshire, UK), then
examined under a microscope, described and images were captured
using the VisionTek digital microscopy system (DMOI, Sakura
Finetek, Torrance, USA).

2.3 Real-time quantitative PCR (RT-qPCR)
based detection of IBV

Total RNA extraction from tissues or swabs was carried out using
the EZ1 Virus Mini Kit V2.0 (43) (Qiagen, Hilden, Germany) on the
Advanced EZ1 instrument (Qiagen in Hilden, Germany) following
the manufacturer’s instructions. The presence of IBV RNA was
detected by RT-qPCR targeting the 5 UTR gene of IBV as previously
described (16). The forward primer (IBV5 GU391:
5-GCTTTTGAGCCTAGCGTT-3), the reverse primer (IBV5 GL533:
5’- GCCATGTTGTCACTGTCTATTG-3'), and TagMan probe (IBV5
G probe: FAM-5- CACCACCAGAACCTGTCACCTC-3"-BHQ1)
were utilized for this purpose. The Real-time ready RNA Virus Master
kit (Roche) was used for preparing the reaction mix, consisting of
7.9 pL of water, 0.1 pL 50 x enzyme mix, 4.0 pL of 5 x reaction buffer
and 1 pL of each primer solution (10 pmol/pL). The RNA template
was added at 5 pL to complete the volume of 20 pL. The thermal
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FIGURE 1

Map showing the location of the IBV-infected farms in the Al Ain region [Farms (A—F)] and Abu Dhabi region [Farm (D)].
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TABLE 1 Details of IBV outbreaks and samples collected in the current study.

10.3389/fvets.2024.1474181

Farm Year Outbreak Postmortem and Total birds Total birds Sample type
sampling date necropsied sampled
A* 1 31.08.2022 3 2 Lung = 2
Lung =2
B 2 12.09.2022 4 2
Kidney =2
c# 3 17.10.2022 9 3 Lung =3
2022 Spleen = 4
4 09.12.2022 7 6
A* Oro-cloacal swab =2
5 20.12.2022 8 3 Kidney = 3
Lung =2
D 6 21.12.2022 6 2
Kidney =2
E 7 08.02.2023 4 2 Lung = 2
F 8 28.02.2023 13 3 Lung=3
A* 9 27.02.2023 8 3 Lung =3
Lung =3
G 10 08.03.2023 8 3
2023 Kidney =3
Lung =2
A* 11 13.03.2023 6 2
Kidney =2
Lung =3
c# 12 05.05.2023 3 3
Oro-cloacal swab = 3
Total 79 34 46

A* & C# denotes for recurrent infections in the specified farms.

cycling profile initial steps of 50°C for 30 min, and 95°C for 5 min,
followed by 40 cycles of amplification (94°C for 1s and 60°C for
1 min). RT-qPCR analysis was conducted using the BioRad CFX 96
Touch Real-Time PCR Instrument (BioRad).

2.4 Amplification of S1 gene, sequencing,
and phylogenetic analysis

2.4.1 Amplification of S1 gene

The 464 bp hyper-variable region of the S1 gene was PCR
amplified using the SuperScript ™ III Platinum™ One-Step RT-PCR
Kit (Thermo Fisher, Waltham, MA, USA), following a previously
described method (44) with minor modifications. In brief,
we combined 5 pL of extracted RNA with a standard mix containing
1x Reaction mix, XCE1 + (CACTGGTAATTTTTCAGATGG) and
XCE2 (CTCTATAAACACCCTTACA) primers at a concentration of
10 pmol/pL, and 1 pL of SuperScript™ IIT RT/Platinum™ Taq Mix
(Thermo Fisher, Waltham, MA, USA). Then, we added molecular-
biology-grade water to make a final volume of 25 pL and proceeded
with PCR thermal cycling under the following conditions: 50°C for
30 min, 95°C for 2 min, followed by 45 cycles of 95°C for 15 s, 50°C
for 20 s, and 68°C for 40 s. A final extension step was performed at
68°C for 5 min. The amplicon was visualized in a 1.8% agarose gel.

2.4.2 Sanger sequencing and BLAST analysis

The amplicon was Sanger-sequenced (bi-directional) at ADAFSA
laboratory using the same primers as for PCR. First, we used the
ExoSAP-IT™ PCR Product Cleanup Reagent (Thermo Fisher
Scientific) to purify the PCR products of the S1 gene, and BigDye™
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) was
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utilized to perform the Sanger sequencing as previously described
(44). The reaction mixture totaling 20 pL comprised 9 pL of water,
3.5 pL of 5x Sequencing Buffer, 1 pL of the BigDye™ Terminator v3.1,
1 pL of primers (3.2 pmol/pL), and 5.5 pL of DNA. Next, we purified
the reaction mixture using the BigDye™ XTerminator™ Purification
kit (Applied Biosystems) according to the manufacturer’s instructions.
Sequencing was carried out on a SeqStudio Genetic Analyzer (Applied
Biosystems) using the ‘MediumSeq BDX run module. The obtained
sequences were trimmed and assembled using CLC Genomic
Workbench v.20 (Qiagen, Aarhus, Denmark). Then we subjected the
consensus sequences of the S1 gene to BLAST analysis using the
BLAST Tool at NCBI GenBank (Basic Local Alignment Search Tools)"
to confirm the sequence identity.

2.4.3 Sequence alignment and phylogenetic
analysis

The SI gene of the IBV-UAE strains was aligned using the
ClustalW program in MEGA 11 (45). This alignment included
sequences from UAE-IBV and corresponding sequences of reference
strains from all the IBV lineages, totaling 234 sequences. These
sequences were sourced from the NCBI nucleotide sequence database
or obtained from the publication by Valastro et al. (24). Commonly
used vaccine strains were also integrated into the analysis. A
phylogenetic tree was constructed using the Maximum Likelihood
technique and the Kimura 2-parameter model (46) within the MEGA
11 program (47). The pairwise nucleotide sequence similarity within
the UAE - IBV S1 gene was then determined.

1 http://www.ncbi.nlm.nih.gov/blast
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2.4.4 Differentiation of filed versus vaccine strains
of UAE - IBV

At present, there is no definitive approach to distinguish between
vaccine and field viruses of the same genotype, except for a method
that involve comparing the genetic sequences of the detected viruses
with those of established vaccine strains (9, 17). In this method, strains
exhibiting 99-100% similarity with commercial vaccine strains were
categorized as vaccine strains, while those showing less than 99%
similarity were considered field strains. Accordingly, we compared the
sequences of UAE - IBV strains identified in this study with those of
standard vaccine types, including Mass-type and 4/91 live-attenuated
vaccine strains.

3 Ethical approval

This research was approved by the research ethics committee Abu
Dhabi Agriculture and Food Safety Authority (ADAFSA) (approval
number: ADAFSA-EA-09-2023), and the study was conducted
following the guidelines stated for animal use. A written consent
(which was included in the sample request form approved by the
ADAFSA research ethics committee) was obtained for the use of
samples and animals from the owner before inclusion in the study.

4 Results
4.1 Outbreaks investigations

Twelve outbreaks of IBV occurred in seven broiler farms located
in Al Ain and Abu Dhabi regions of the Abu Dhabi Emirate (Table 1)
from August 2022 to May 2023. Some farms experienced recurring
outbreaks. Notably, farm A had five outbreaks within a two-year
period (three outbreaks in 2022 and two in 2023 with intervals of
approximately one to two weeks). Farm C also experienced two
outbreaks, one in October 2022 and another in May 2023. The broiler
population per farm ranged from 14,500 to 37,000 chickens (Table 2).
Affected flocks showed various clinical signs including diarrhea,
respiratory signs, and high mortality. The age of the infected flocks
varied from 2 to 5 weeks. In 2022, the highest morbidity (36%) and
mortality (33%) rates were observed in farm C, whereas the highest
case fatality (95%) rate was observed in farm D. In contrast in 2023,
Farm C was severely affected where the highest (19, 18, 93%)
morbidity, mortality and case fatality rates were observed, respectively.
All affected farms were vaccinated based on the Ma5 serotype alone
or combined Ib4/91 + Ma5 clone 30 live attenuated vaccines. The
duration between the vaccination and disease onset remains
unknown. Importantly, there was no recent history of introducing
new, unvaccinated flocks across all affected farms prior to the
outbreaks (Table 2). The information for farms B and G regarding this
matter is unavailable.

4.2 Pathological analysis

Necropsy examination of chickens (1 = 46) revealed prominent
digestive, respiratory and renal gross lesions including distention of
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the abdomen with yellowish exudates (Figure 2A), congestion,
hyperemia, and the presence of a white-yellowish fibrinous diphtheric
plug in the trachea (Figure 2B). Yellowish exudates and fibrin clots
were also observed in the coelomic cavity, while the surfaces of the
liver and heart were covered with pale fibrinous materials
(Figures 2C,D). The kidneys appeared swollen with whitish distended
tubules and deposits of urates (Figure 2E), while the lungs showed
signs of pneumonia with congestion and edema (Figure 2F).

4.3 Histopathological findings

Microscopic findings of the lungs comprised congestion,
hemorrhage, and edema, characterized by thickening of the inter-
alveolar spaces and infiltration of inflammatory cells (Figure 3A). The
trachea showed degenerative and necrotic changes of the surface
epithelium and sloughing, with mononuclear inflammatory cell
infiltrations within mucosa and lamina propria (Figure 3B). Kidney
sections exhibited focal interstitial lymphocytic infiltration, along with
degeneration and necrosis of the tubular epithelium (Figure 3C). The
spleen showed focal necrotic areas with depletion of lymphocytes
(Figure 3D).

4.4 Real-time quantitative PCR

The RT-qPCR analysis revealed the presence of IBV RNA in 84.8%
(39/46) of samples collected from different outbreaks. The distribution
of positive samples per outbreak is presented in Table 3. The Ct values
of the samples ranged between 15 and 34.

4.5 Amplification of S1 gene by single-step
RT-PCR

In total, 22 out of the 39 IBV RNA positive samples (56.41%) were
selected for single-step RT-PCR based on the Ct value. These samples
comprised 12 from lung, 4 from spleen, 3 from kidney, and 3 from
oro-cloacal swab, representing 11 outbreaks. The field samples yielded
the expected ~464 bp amplicon of the S1 gene. Representative
amplicons with expected band size of 464 bp are shown in (Figure 4),
while  remaining  gel were

images provided as a

Supplementary material 2.

4.6 Sequencing of S1 gene PCR products,
BLAST and pairwise analysis

Twenty-two S1 gene PCR products were sequenced, and the
consensus sequences have been deposited in the NCBI nucleotide
GenBank database with accession numbers OR161340 - OR161361.
According to BLAST analysis, these sequences showed a 96.25 to
100% nucleotide similarity to different reference strains of IBV
available in the NCBI nucleotide database.

When comparing UAE-IB viruses between different lineages,
substantial sequence diversity was observed, ranging from 77 to 81%.
Specifically, viruses in the GI-1 lineage differ by 77% in their
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TABLE 2 Epidemiological information of IBV outbreaks reported in the Abu Dhabi Emirate in 2022-2023.

Farm Year Outbreak Lab No. of GenBank Total Total Age Death = Morbidity = Mortality Case Vaccination Vaccine Introduction
registration samples Acc. No population  infected @ (day) rate rate fatality status of type of new
date sequenced rate infected unvaccinated
farms flocks
A* 1 01.09.2022 1 OR161340 30,000 3,000 14 2000 10% 7% 67% Vaccinated ma5 No
B 2 14.09.2022 NA NA 34,000 4,000 20 2,500 12% 7% 63% Vaccinated ma5 -
2 OR161341 1b4/91 + ma5
c# 3 20.10.2022 33,000 12,000 17 11,000 36% 33% 92% Vaccinated No
OR161342 clone 30
2022 13.12.2022 6 OR161343 to
4
A* 13.12.2022 OR161348 33,000 4,000 34 2,500 12% 8% 63% Vaccinated ma5 No
5 22122022 1 OR161349
1 OR161350 1b4/91 + ma5
D 6 22122022 14,500 2,300 30 2,184 16% 15% 95% Vaccinated No
clone 30
E 7 10.02.2023 1 OR161351 30,000 5,000 36 4,000 17% 13% 80% Vaccinated 1b4/91 + ma5 No
2 OR161352
F 8 01.03.2023 21,000 3,000 17 2000 14% 10% 67% Vaccinated No
OR161353 1b4/91 + ma5
A* 9 01.03.2023 1 OR161354 30,000 2000 10 1,500 7% 5% 75% Vaccinated ma5 No
G 10 08.03.2023 1 OR161355 20,000 3,000 17 2000 15% 10% 67% Vaccinated ma5 -
2023
3 OR161356
A* 11 14.03.2023 OR161357 30,000 4,000 14 3,000 13% 10% 75% Vaccinated No
OR161358 ma5
3 OR161359
c# 12 08.05.2023 OR161360 37,000 7,000 17 6,500 19% 18% 93% Vaccinated 1b4/91 + ma5 No
OR161361 clone 30

--, Information is not available; NA, not assessed.
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FIGURE 2

Gross lesions observed in organs of broiler chickens infected with IBV. (A) Abdomen exhibiting distension with yellowish exudates (arrow). (B) Tracheal
mucosa showing congestion, hyperemia, and the presence of yellowish fibrinous materials (arrow). (C,D) Coelomic cavity, revealing yellowish fluids
(blue arrow) and fibrinous exudates, with adhesions to the surfaces of the liver and heart (white arrow). (E) Kidneys appearing swollen and congested,
with distended tubules (black arrow) with urates deposits (blue arrow). (F) Lungs showing signs of pneumonia with congestion and edema.

nucleotide sequences from those in the GI-13 lineage and by 80%
from those in the GI-23 lineage (Table 4). Viruses in the GI-13 lineage
differ by 80-81% from those in the GI-23 lineage. UAE-IB viruses
within the same lineages showed high similarity, ranging from 99 to
100%. For example, viruses within the GI-1 lineage (OR161341 and
OR161342) are 100% identical in their nucleotide sequences,
originating from the same outbreak in farm C. Viruses within the
GI-23 lineage (OR161340 and OR161347) are 99% identical, having
been sequenced from different outbreaks in August and December
2022 in the same farm (farm A) (Table 2). Sequences within the GI-13
lineage are 100% identical in their nucleotide sequences, despite being
reported from different outbreaks in various farms (A, C, D, E, E, and
G) at different times (Table 4).
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4.7 Phylogenetic analysis of S1 gene
sequences

Genotyping of 22 IB viruses detected in this study, was performed
by phylogenetic analysis of the S1 gene sequences of 208 strains
representing all currently available IBV lineages worldwide. The
analysis revealed that 18 out of 22 (81.8%) sequences of IBV S1 gene
obtained in this study clustered within the GI-13 lineage that include
strains circulating in Poland, the United Kingdom, China, Pakistan,
Israel, France, Morocco, and Spain. The UAE-IB viruses within this
lineage represent the dominant genotype associated with IB infections
(Figure 5). Moreover, two out of the 22 (9.1%) sequences (OR161341
and OR611342) were clustered within GI-1 lineage, while the
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FIGURE 3

of lymphocytes (arrows).

Histopathological lesions in the lung, trachea, kidney, and spleen of IBV-infected broiler chicken. H&E staining, 200x. (A) Lung tissue displaying
congestion (black arrow), hemorrhage, and edema (arrowhead), accompanied by thickening of the inter-alveolar areas (blue arrow), and a slight
infiltration of inflammatory cells. (B) The trachea showing degenerative and necrotic changes of the surface epithelium and sloughing (arrow), with
mononuclear inflammatory cell infiltrations within mucosa and lamina propria (arrow heads). (C) Kidney section showing interstitial lymphocytic
infiltration (arrow head), along with degeneration and necrosis of the tubular epithelium (arrow). (D) Spleen showing focal necrotic areas with depletion

TABLE 3 Real-time PCR findings from the analysis of 46 samples across 12 outbreaks.

Outbreaks (O) O1 (0] O3 04 O5 06 o7 08 O09 0O10 O11 0O12 Total
Lung 2 2 3 2 2 3 3 3 2 3 25
Kidney 2 3 2 3 2 12
Spleen 4 4
Oro-cloacal swab 2 3 5
Positive (RT-qPCR) 2 2 (1lung 3 6 2 3 (2 lungs 2 3 3 4 (2 lungs +2 4 5(2lungs + 3 39/46

+1 Kidney) +1 Kidney) Kidneys) Oro-cloacal swabs) (84.8%)

O, outbreak.

remaining two out of 22 (9.1%) sequences (OR161340 and OR611347)
were classified within GI-23 lineage (or Middle East IBV serotype)
harboring strains circulated in Iran, Egypt, and Israel.

4.8 Differentiation of filed versus vaccine
strains of IBV

The nucleotide and amino acid identity of the UAE IB viruses
within each lineage were evaluated against the corresponding vaccine
strain in the same lineage, or both vaccine strains, in attempts to
classify the UAE IB viruses into field and vaccine strains following the
criterion mentioned in the methodology.

The UAE viruses OR161340 and OR161347, classified within
GI-23 (Middle East IBV serotype), were compared to both vaccine
strains used in the UAE (4/91 and Massachusetts serotypes). However,
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only strain 4/91 vaccine (793B) from China (Acc. KF377577.1) and
Mab5 strain serotype from Massachusetts USA (Acc. AY561713) was
shown in Table 5. More field strains versus vaccine strains comparison
were shown in Supplementary material 1. The UAE viruses shared
80-81% identity at nucleotide and amino acid levels when compared
to the vaccine strain 4/91. Similarly, these strains showed 80%
nucleotide identity and 76-77% amino acid identity when compared
to the Mab5 strain. In both cases, the homology is less than 99%, hence
they were considered as field strains.

The UAE viruses (OR161341 and OR161342) classified within
GI-1 (Massachusetts IBV serotype) showed complete nucleotide
identity (100%) to the Ma5 vaccine strain and share 99% identity at
the amino acid level. Therefore, they were considered as vaccine strains.

The remaining UAE viruses identified in this study (18 strains
sharing 99-100% identity within the sequences) classified within
GI-13 (4/91 IBV serotype) were 100% identical to 4/91 vaccine strain
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500 bp 464 bp

FIGURE 4

A representative agarose gel electrophoresis showing RT-PCR
products of approximately 464 bp of the targeted region. Lane M:
100 bp ladder. The remaining gel images were provided as a

TABLE 4 Between and within lineages diversity of UAE-IBV sequences.

G1-1 GI-13 GI-23
Gl-1 100%
GI-13 77% 100%
GI-23 80% 80-81% 99%

at both nucleotide and amino acid levels. Therefore, they were
considered vaccine strains.

Widespread vaccinations practices against IB based on the
Massachusetts and 4/91 serotypes are adopted by farmers in
UAE. Despite this, cases of IB were frequently reported, resulting in
substantial economic losses between August 2022 to May 2023.
Therefore, this study intended to characterize the virus to support
control measures in the country.

In this study, the pathological changes observed in necropsied
chickens infected by IB were mostly in the respiratory system and
kidneys. Evidence of respiratory lesions particularly fibrinous
diphtheric plugs in the trachea, lung congestion, and renal urate
deposits are consistent with the findings previously described (13, 14).
The histopathological lesions in the kidneys, spleen, trachea, and lung
sections were also similar to the previously reported findings (13, 15).
Additionally, the PCR analysis revealed the presence of IBV in 84.6%
(39/46) of the tested samples, which is a higher rate compared to
previous reports from Saudi Arabia (36.5-42.7%) (40, 48) or in South
Iraq (74%) (43), Egypt (64%) (49), Jordan (60%) (
(59%) (9), Iran (52%) (50), eastern Iran (37.5%) (
and middle-south Iraq (32%) (
results with caution since the samples were collected only from

), western Europe
), Russia (34%) (5),
). Its important to interpret these
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broilers showing clinical signs of respiratory infection and some of the
strains are vaccine related.

In the control of IBV, the most common approach involves regular
vaccination and the implementation of appropriate biosecurity
measures (4). However, this approach is hampered by the high genetic
variability of the virus, due to both mutation and recombination
events, leading to the constant emergence of new variants with
generally poor cross-protection (53). To understand the significance
of the variation in the SI sequences between field and vaccine strains
of IBV, we first genotyped the UAE-IBV. The phylogenetic analysis
revealed that the UAE IB viruses fell into three lineages within
genotype I: GI-1 (vaccine strain, n = 2), G1-13 (vaccine strain n = 18)
and GI-23 (field strain, n = 2). Specifically, two UAE-IB viruses
belonged to GI-1, 2 strains to GI-23, and the remaining 18 viruses
belonged to GI-13. In total, 18/22 (81.8%) UAE-IB viruses are
classified within vaccine strains lineages (GI-1) and (GI-13) and likely
to be vaccine virus. This was evidenced by their sharing of 99-100%
identity with the vaccine strains in the S1 spike gene sequence
analyzed ( ). This situation may be attributed to the frequency
of live IBV vaccination schedules, variations in management practices,
and, most importantly, the immune status of the flocks. However, the
high vaccine strains detected in this study are not surprising as the live
IBV vaccines have been reported to persist in chicks for many weeks
after administration (54, 55) or revert to cause outbreaks (19, 20).
Indeed, in some studies vaccines-related strains accounted for
approximately half or more of the total detections (41, 56). According
to our outbreak history, it was evident that the chickens were
vaccinated without the introduction of unvaccinated flocks into the
farm. This further supports the possibility of these strains being the
same vaccine strain.

The study observed significant clinical signs, but it is challenging
to determine through molecular analysis whether the detected strains
are truly pathogenic or a vaccine-derived virus found along with other
disease-causing agents (57). Furthermore, there are currently no
known genetic markers consistently capable of distinguishing between
vaccine and field strains (57). While the present study employed a
combination of phylogenetic and epidemiological criteria to
confidently classify sequenced strains, the possibility of
misclassification remains due to the circulation of actual field strains
closely related (at least in the considered genomic region) to vaccine
viruses, warranting further comprehensive evaluations, possibly based
on the entire SI gene sequence (58). The later assumption was also
compromised by Callison et al., who showed that in a case of 4/91, the
nucleotide sequences of the entire S1 spike gene of the vaccine strain
and the pathogenic virus differed by only 0.6% (9), or even there was
no difference at all over the section of the gene that was sequenced by
Worthington and his colleagues (9).

The persistence of vaccine strains presents several challenges, as it
makes diagnosing IBV more complicated. This is because many
detected strains often closely resemble or match the homologous
vaccines used (57). Furthermore, it hampers the interpretation of the
epidemiological scenario, thereby hindering the planning of effective
control strategies within the region.

The two IBV strains detected in this study (OR161340 and
OR161347) belonged to the GI-23 lineage which represents a cluster
of unique wild-type viruses geographically limited to the Middle East
(24). The S1 sequences from these viruses showed maximum amino

acid identities (80-81%) with the 4/91 serotype and (76-77%) to Ma5
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FIGURE 5

were written in red text in GI-13 & GI-1 and in white text in GI23.

Phylogenetic tree based on alignment of partial S1 gene sequences of 22 UAE B viruses (in red) and 212 corresponding reference sequences of
isolates/strains (vaccines or field strains) retrieved from GenBank (in black), in total 234 sequences. The phylogenetic tree was constructed with MEGA
X software with maximum likelihood of 1,000 bootstrap replicates. GenBank accession numbers are shown along with the strains. All 9 groups of IBV
were presented. The IBV group-1 including the 31 lineages are indicated [Gl (1-31) lineages], while other lineages (GlI-GIX) are collapsed. UAE-IB viruses

strains, hence considered field strains (wild type or non-vaccine
viruses). Despite the vaccination programs adopted by farmers in the
Abu Dhabi Emirate, there have been continuous reports of
IB-suspected cases. The low correlation in sequence identity between
the two IB viruses detected in this study, and the vaccine strains may
partially explain the failure of the vaccination programs to control IBV
in these flocks due to the low cross-immunity between the field and
vaccine strain (59, 60), resulting in high IB-induced morbidity and
mortality within vaccinated chicken flocks.

The strains identified in this study across various lineages show a
wide range of genetic diversity, indicating multiple evolutionary
origins. However, strains within the same lineage are identical, even
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when observed in different outbreaks or times within or between
farms suggesting a common source and/or inter-farm transmission of
a single strain. This is likely facilitated by the proximity of some Farms.
For example, distances between Farms E and A is 1.2 KM, E and F are
4.8 KM, and G and B is 8.3 KM (Figure 1). Contaminated feces, feed,
and drinking water can serve as sources of IBV infection or reinfection
during the recovery phase, as the virus can persist in feces for a
considerable period. Additionally, indirect transmission can occur
through contaminated litter, footwear, clothing, utensils, equipment,
and personnel, all of which have been implicated in the spread of IBV
over long distances (61, 62). Therefore, strict application of biosecurity
measures in poultry farms is crucial. A complex scenario was observed
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TABLE 5 Nucleotide (304 bp) and amino acids (108 aa) identity between UAE-IB viruses and the corresponding common vaccines used in UAE (4/91)
live-attenuated vaccines which represented by Strain 4/91 vaccine (793B) from China (Acc. KF377577.1) and Mass-type live-attenuated which

represented by strain Massachusetts USA (Acc. AY561713) was shown.

UAE viruses identified
in this study (total = 22
strains)

Lineage
belongs to

nt identity
(324 nt)

OR161340
ORI161347 (n = 2)

GI-23 (Middle East
serotype)

80-81%

Strain 4/91 vaccine (793B)
from China (Acc.
KF377577.1)

aa identity

Strain Ma5 serotype Classification
Massachusetts USA (Acc.

AY561713)

nt identity
(324 nt)

aa identity

(108 aa) (108 aa)

Field strain

80-81% 80% 76-77%

ORI161341
OR161342 (1 = 2)

GI-1 (Massachusetts
77%
serotype)

Vaccine strain

72% 100% 99%

Remaining UAE viruses

GI-13 (4/91 serotype)
(18 strains) (n =18) P

100%

Vaccine strain

100% 78% 73%

nt, nucleotide; aa, amino acid.

when two lineages (GI-13 and GI-23) were detected in the same farm
(farm A), or repeated infections in the same farm such as farm A as
well, further highlighting the necessity for enhanced biosecurity
measures. Although the partial gene (464 bp) was used to genotype
the IBV, and provided useful information, the whole S1 gene
(~ 1,620 bp) is recommended to be used for IBV genotyping studies
to cover the HVR3 (positioned between 820 and 1,161 of the S1 gene)
while characterizing the virus (24).

The present study demonstrated a complex epidemiological
situation, with both field (9.1%) and vaccine strains (90.9%) coexisting
in the region. The latter being the vast majority, which raises concerns
about the pros and cons of a widespread or inadequately planned
vaccine application besides the direct cost of vaccine-induced
clinical signs.

6 Conclusion

This is the first comprehensive study to describe and genotype
IBV in the UAE. It holds significant practical implications by providing
up-to-date information on the lineages currently circulating in the
Abu Dhabi Emirate, albeit limited to clinical data. This study can aid
in the selection of the best vaccine for use in the Abu Dhabi region,
and in mitigating the impact of uncontrolled circulation of vaccine-
derived strains on IBV diagnostics and evolution.

In this study, we have identified three IBV lineages currently
circulating in broiler farms across the Abu Dhabi Emirate. These
lineages consist of two vaccine lineages: GI-13 (81.8%) and GI-1
(9.1%) in addition to one field lineage GI-23 (9.1%). It is worth noting
that vaccine strains (90.9%) predominate over field strains (9.1%).
Field genotypes, which do not have corresponding vaccines available,
are expected to continue causing IBV outbreaks resulting in economic
losses. Identifying IBV field genotypes is of economic importance for
making the best use of existing live vaccines. However, continuous
surveillance and characterization of new IBV strains is crucial not only
in Abu Dhabi Emirate but throughout the UAE for monitoring strain
prevalence and the emergence of potentially significant viruses. Such
surveillance facilitates understanding the molecular evolution of
different genotypes and is crucial for selecting candidate virus strains
for the development of new vaccines that match the local circulating
field strains.

Frontiers in Veterinary Science

11

Data availability statement

The partial S1 gene of IBV UAE strains sequences generated in
this study are available in the NCBI nucleotide database under
accession numbers from OR161340 to OR161361.

Ethics statement

The animal study was approved by Research ethics committee
Abu Dhabi Agriculture and Food Safety Authority (ADAFSA)
(approval number: ADAFSA-EA-09-2023). The study was
conducted in accordance with the local legislation and
institutional requirements.

Author contributions

HI:
Investigation, Methodology, Software, Visualization, Writing - original

Conceptualization, Data curation, Formal analysis,
draft. AT: Methodology, Software, Visualization, Writing - review &
editing. EO: Data curation, Investigation, Writing - review & editing.
EE: Data curation, Writing - review & editing. MA: Writing - review
& editing, Project administration, Supervision. OB: Writing - review
& editing, Data curation, Investigation. AS: Writing - review & editing,
Funding acquisition, Project administration, Resources, Supervision.

AK: Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by Abu Dhabi Agriculture and Food Safety Authority
(ADAFSA), Abu Dhabi, UAE.

Acknowledgments

We thank veterinarians of ADAFSA for the clinical examinations
and sample collection.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1474181
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Ishag et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Feng K, Wang F, Xue Y, Zhou Q, Chen E Bi Y, et al. Epidemiology and
characterization of avian infectious bronchitis virus strains circulating in southern
China during the period from 2013-2015. Sci Rep. (2017) 7:6576. doi: 10.1038/
$41598-017-06987-2

2. Rafique S, Jabeen Z, Pervaiz T, Rashid F, Luo S, Xie L, et al. Avian infectious
bronchitis virus (AIBV) review by continent. Front Cell Infect Microbiol. (2024)
14:1325346. doi: 10.3389/fcimb.2024.1325346

3. Lian J, Wang Z, Xu Z, Chen T, Shao G, Zhang X, et al. Distribution and molecular
characterization of avian infectious bronchitis virus in southern China. Poult Sci. (2021)
100:101169. doi: 10.1016/j.psj.2021.101169

4. De Wit J, Cook JK, Van der Heijden HM. Infectious bronchitis virus variants: a
review of the history, current situation and control measures. Avian Pathol. (2011)
40:223-35. doi: 10.1080/03079457.2011.566260

5. Ovchinnikova EV, Bochkov YA, Shcherbakova LO, Nikonova ZB, Zinyakov NG,
Elatkin NP, et al. Molecular characterization of infectious bronchitis virus isolates from
Russia and neighbouring countries: identification of intertypic recombination in the S1
gene. Avian Pathol. (2011) 40:507-14. doi: 10.1080/03079457.2011.605782

6. King AM, Lefkowitz E, Adams MJ, Carstens EB. Virus taxonomy: Ninth report of
the international committee on taxonomy of viruses. Amsterdam: Elsevier (2011).

7. Shyma K, Sankar S, Aravindakshan T, Krithiga K, Bosewell A, Sarika N, et al.
Isolation and molecular detection of infectious bronchitis virus isolates from chicken.
Int J Curr Microbiol App Sci. (2018) 7:2858-66. doi: 10.20546/ijcmas.2018.710.333

8. Awad AM, Sediek ME, El-Yamany ME. Isolation and molecular characterization of
novel IBV isolates from broiler chicken farms in Egypt. Alexandria J Vet Sci. (2014)
42:74. doi: 10.5455/ajvs.160278

9. Worthington KJ, Currie R, Jones RC. A reverse transcriptase-polymerase chain
reaction survey of infectious bronchitis virus genotypes in Western Europe from 2002
to 2006. Avian Pathol. (2008) 37:247-57. doi: 10.1080/03079450801986529

10. Bande E, Arshad SS, Omar AR, Bejo MH, Abubakar MS, Abba Y. Pathogenesis and
diagnostic approaches of avian infectious bronchitis. Adv Virolo. (2016) 2016:1-11. doi:
10.1155/2016/4621659

11.Jahantigh M, Salari S, Hedayati M. Detection of infectious bronchitis virus
serotypes by reverse transcription polymerase chain reaction in broiler chickens.
Springerplus. (2013) 2:1-4. doi: 10.1186/2193-1801-2-36

12. Falchieri M, Coward VJ, Reid SM, Lewis T, Banyard AC. Infectious bronchitis
virus: an overview of the “chicken coronavirus”. ] Med Microbiol. (2024) 73:001828. doi:
10.1099/jmm.0.001828

13. El-Fetouh A, Mohamed MH, Refat N, Ahmed M, El-Zanaty AE. Pathological
studies on infectious bronchitis disease in chickens. Zagazig Vet J. (2016) 44:248-59. doi:
10.21608/2vjz.2016.7879

14. Khataby K, Kichou F, Loutfi C, Ennaji MM. Assessment of pathogenicity and tissue
distribution of infectious bronchitis virus strains (Italy 02 genotype) isolated from
moroccan broiler chickens. BMC Vet Res. (2016) 12:1-10. doi: 10.1186/
512917-016-0711-y

15. Pourbakhsh S, Tavasoly A, Mahdavi S, Momayez R. Experimental histopathologic
study of the lesions induced by serotype 793/B (4/91) infectious bronchitis virus. Arch
Razi Institute. (2007) 62:15-22. doi: 10.22092/ari.2007.103779

16. Callison SA, Hilt DA, Boynton TO, Sample BE, Robison R, Swayne DE, et al.
Development and evaluation of a real-time Tagman RT-PCR assay for the detection of
infectious bronchitis virus from infected chickens. ] Virol Methods. (2006) 138:60-5. doi:
10.1016/j.jviromet.2006.07.018

17. Ganapathy K. Diagnosis of infectious bronchitis in chickens. In Pract. (2009)
31:424-31. doi: 10.1136/inpract.31.9.424

18. Winterfield R. Respiratory signs, immunity response, and interference from
vaccination with monovalent and multivalent infectious bronchitis vaccines. Avian Dis.
(1968) 12:577-84. doi: 10.2307/1588441

Frontiers in Veterinary Science

12

10.3389/fvets.2024.1474181

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1474181/
full#supplementary-material

19. Aleuy OA, Pitesky M, Gallardo R. Using multinomial and space-time permutation
models to understand the epidemiology of infectious bronchitis in California between
2008 and 2012. Avian Dis. (2018) 62:226-32. doi: 10.1637/11788-122217-Reg.1

20. Zhang Y, Wang H-N, Wang T, Fan W-Q, Zhang A-Y, Wei K, et al. Complete
genome sequence and recombination analysis of infectious bronchitis virus attenuated
vaccine strain H120. Virus Genes. (2010) 41:377-88. doi: 10.1007/s11262-010-0517-0

21. Jackwood MW, Hall D, Handel A. Molecular evolution and emergence of avian
gammacoronaviruses. Infect Genet Evol. (2012) 12:1305-11. doi: 10.1016/j.
meegid.2012.05.003

22.Naguib MM, Hoper D, Arafa A-S, Setta AM, Abed M, Monne [, et al. Full genome
sequence analysis of a newly emerged QX-like infectious bronchitis virus from Sudan
reveals distinct spots of recombination. Infect Genet Evol. (2016) 46:42-9. doi: 10.1016/j.
meegid.2016.10.017

23. Adzhar A, Gough R, Haydon D, Shaw K, Britton P, Cavanagh D. Molecular
analysis of the 793/B serotype of infectious bronchitis virus in Great Britain. Avian
Pathol. (1997) 26:625-40. doi: 10.1080/03079459708419239

24. Valastro V, Holmes EC, Britton P, Fusaro A, Jackwood MW, Cattoli G, et al. S1
gene-based phylogeny of infectious bronchitis virus: an attempt to harmonize virus
classification. Infect Genet Evol. (2016) 39:349-64. doi: 10.1016/j.meegid.2016.02.015

25. Domanska-Blicharz K, Lisowska A, Sajewicz-Krukowska J. Molecular
epidemiology of infectious bronchitis virus in Poland from 1980 to 2017. Infect Genet
Evol. (2020) 80:104177. doi: 10.1016/j.meegid.2020.104177

26. Mendoza-Gonzélez L, Marandino A, Panzera Y, Tomds G, Williman J, Techera C,
et al. Research note: high genetic diversity of infectious bronchitis virus from Mexico.
Poult Sci. (2022) 101:102076. doi: 10.1016/j.psj.2022.102076

27.Bande E Arshad SS, Omar AR, Hair-Bejo M, Mahmuda A, Nair V. Global
distributions and strain diversity of avian infectious bronchitis virus: a review. Anim
Health Res Rev. (2017) 18:70-83. doi: 10.1017/51466252317000044

28. Houta MH, Hassan KE, El-Sawah AA, Elkady ME, Kilany WH, Ali A, et al. The
emergence, evolution and spread of infectious bronchitis virus genotype GI-23. Arch
Virol. (2021) 166:9-26. doi: 10.1007/s00705-020-04920-z

29. ChenY, Jiang L, Zhao W, Liu L, Zhao Y, Shao Y, et al. Identification and molecular
characterization of a novel serotype infectious bronchitis virus (GI-28) in China. Vet
Microbiol. (2017) 198:108-15. doi: 10.1016/j.vetmic.2016.12.017

30.Jiang L, Han Z, Chen Y, Zhao W, Sun J, Zhao Y, et al. Characterization of the
complete genome, antigenicity, pathogenicity, tissue tropism, and shedding of a
recombinant avian infectious bronchitis virus with a ck/CH/LJL/140901-like backbone
and an S2 fragment from a 4/91-like virus. Virus Res. (2018) 244:99-109. doi: 10.1016/j.
virusres.2017.11.007

31. Rohaim MA, El Naggar RE, Abdelsabour MA, Mohamed MH, El-Sabagh IM,
Munir M. Evolutionary analysis of infectious bronchitis virus reveals marked genetic
diversity and recombination events. Genes. (2020) 11:605. doi: 10.3390/genes11060605

32.Ma T, Xu L, Ren M, Shen ], Han Z, Sun J, et al. Novel genotype of infectious
bronchitis virus isolated in China. Vet Microbiol. (2019) 230:178-86. doi: 10.1016/].
vetmic.2019.01.020

33. Roussan D, Totanji W, Khawaldeh G. Molecular subtype of infectious bronchitis
virus in broiler flocks in Jordan. Poult Sci. (2008) 87:661-4. doi: 10.3382/ps.2007-00509

34. Abdel-Moneim AS, Afifi MA, El-Kady ME. Emergence of a novel genotype of avian
infectious bronchitis virus in Egypt. Arch Virol. (2012) 157:2453-7. doi: 10.1007/
s00705-012-1445-1

35. Seyfi Abad Shapouri M, Mayahi M, Assasi K, Charkhkar S. A survey of the
prevalence of infectious bronchitis virus type 4/91 in Iran. Acta Vet Hung. (2004)
52:163-6. doi: 10.1556/avet.52.2004.2.4

36. Awad E Baylis M, Ganapathy K. Detection of variant infectious bronchitis viruses
in broiler flocks in Libya. Int J Vet Sci Med. (2014) 2:78-82. doi: 10.1016/j.
ijvsm.2014.01.001

frontiersin.org


https://doi.org/10.3389/fvets.2024.1474181
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2024.1474181/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1474181/full#supplementary-material
https://doi.org/10.1038/s41598-017-06987-2
https://doi.org/10.1038/s41598-017-06987-2
https://doi.org/10.3389/fcimb.2024.1325346
https://doi.org/10.1016/j.psj.2021.101169
https://doi.org/10.1080/03079457.2011.566260
https://doi.org/10.1080/03079457.2011.605782
https://doi.org/10.20546/ijcmas.2018.710.333
https://doi.org/10.5455/ajvs.160278
https://doi.org/10.1080/03079450801986529
https://doi.org/10.1155/2016/4621659
https://doi.org/10.1186/2193-1801-2-36
https://doi.org/10.1099/jmm.0.001828
https://doi.org/10.21608/zvjz.2016.7879
https://doi.org/10.1186/s12917-016-0711-y
https://doi.org/10.1186/s12917-016-0711-y
https://doi.org/10.22092/ari.2007.103779
https://doi.org/10.1016/j.jviromet.2006.07.018
https://doi.org/10.1136/inpract.31.9.424
https://doi.org/10.2307/1588441
https://doi.org/10.1637/11788-122217-Reg.1
https://doi.org/10.1007/s11262-010-0517-0
https://doi.org/10.1016/j.meegid.2012.05.003
https://doi.org/10.1016/j.meegid.2012.05.003
https://doi.org/10.1016/j.meegid.2016.10.017
https://doi.org/10.1016/j.meegid.2016.10.017
https://doi.org/10.1080/03079459708419239
https://doi.org/10.1016/j.meegid.2016.02.015
https://doi.org/10.1016/j.meegid.2020.104177
https://doi.org/10.1016/j.psj.2022.102076
https://doi.org/10.1017/S1466252317000044
https://doi.org/10.1007/s00705-020-04920-z
https://doi.org/10.1016/j.vetmic.2016.12.017
https://doi.org/10.1016/j.virusres.2017.11.007
https://doi.org/10.1016/j.virusres.2017.11.007
https://doi.org/10.3390/genes11060605
https://doi.org/10.1016/j.vetmic.2019.01.020
https://doi.org/10.1016/j.vetmic.2019.01.020
https://doi.org/10.3382/ps.2007-00509
https://doi.org/10.1007/s00705-012-1445-1
https://doi.org/10.1007/s00705-012-1445-1
https://doi.org/10.1556/avet.52.2004.2.4
https://doi.org/10.1016/j.ijvsm.2014.01.001
https://doi.org/10.1016/j.ijvsm.2014.01.001

Ishag et al.

37. Al-Shekaili T, Baylis M, Ganapathy K. Molecular detection of infectious bronchitis
and avian metapneumoviruses in Oman backyard poultry. Res Vet Sci. (2015) 99:46-52.
doi: 10.1016/j.rvsc.2014.12.018

38. Tabatabaeizadeh S-E, Toroghi R, Margan Azghadi N, Farzin H, Sharghi S, Sarani
M, et al. Detection of mutant infectious bronchitis viruses of GI-23 lineage from
commercial chicken flocks in Khorasan Razavi province, Iran in 2019. Iranian J Vet Sci
Technol. (2021) 13:14-21. doi: 10.22067/ijvst.2021.68272.1009

39. Ghorbiani M, Boroomand Z, Mayahi M, Shapouri MRSA. Molecular identification
of infectious bronchitis virus isolated from respiratory diseases in some Iranian broiler
flocks. Mol Biol Rep. (2020) 47:7161-8. doi: 10.1007/s11033-020-05788-7

40. Al-Mubarak AI, Al-Kubati AA. Cocirculation of four infectious bronchitis virus
lineages in broiler chickens in the eastern region of Saudi Arabia from 2012 to 2014. Vet
Med Int. (2020) 1:10. doi: 10.1155/2020/6037893

41. Ganapathy K, Ball C, Forrester A. Genotypes of infectious bronchitis viruses
circulating in the Middle East between 2009 and 2014. Virus Res. (2015) 210:198-204.
doi: 10.1016/j.virusres.2015.07.019

42. Suvarna KS, Layton C, Bancroft JD. Bancroft's theory and practice of histological
techniques E-book. Amsterdam: Elsevier Health Sciences (2018).

43. Seger W, Langeroudi AG, Karimi V, Madadgar O, Marandi MV, Hashemzadeh M.
Prevalence of avian infectious bronchitis virus in broiler chicken farms in south of Iraq,
2014-2015. Vet Res Forum. (2016) 7:317-21.

44. Tegegne D, Deneke Y, Sori T, Abdurahaman M, Kebede N, Cecchinato M, et al.
Molecular epidemiology and genotyping of infectious bronchitis virus and avian
metapneumovirus in backyard and commercial chickens in Jimma zone, southwestern
Ethiopia. Vet Sci. (2020) 7:187. doi: 10.3390/vetsci7040187

45. Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, McWilliam H,
et al. Clustal W and Clustal X version 2.0. Bioinformatics. (2007) 23:2947-8. doi:
10.1093/bioinformatics/btm404

46. Kimura M. A simple method for estimating evolutionary rates of base substitutions
through comparative studies of nucleotide sequences. ] Mol Evol. (1980) 16:111-20. doi:
10.1007/BF01731581

47. Tamura K, Stecher G, Kumar S. MEGA11: molecular evolutionary genetics
analysis version 11. Mol Biol Evol. (2021) 38:3022-7. doi: 10.1093/molbev/msab120

48. Al-Hammad Y, Al-Afaleq A, Mohamed M. Molecular survey and phylogenic analysis
of infectious bronchitis virus (IBV) circulating among chicken flocks in Riyadh Province,
Saudi Arabia. ] Anim Vet Ady. (2014) 13:1002-8. doi: 10.1007/s13337-017-0375-7

49. Selim K, Arafa AS, Hussein HA, El-Sanousi AA. Molecular characterization of
infectious bronchitis viruses isolated from broiler and layer chicken farms in Egypt
during 2012. Int ] Vet Sci Med. (2013) 1:102-8. doi: 10.1016/j.ijvsm.2013.10.002

Frontiers in Veterinary Science

13

10.3389/fvets.2024.1474181

50. Hamadan AM, Ghalyanchilangeroudi A, Hashemzadeh M, Hosseini H, Karimi V,
Yahyaraeyat R, et al. Genotyping of avian infectious bronchitis viruses in Iran
(2015-2017) reveals domination of IS-1494 like virus. Virus Res. (2017) 240:101-6. doi:
10.1016/j.virusres.2017.08.002

51. Ghalyanchi-Langeroudi A, Karimi V, Jannat A, Hashemzadeh M, Fallah M,
Gholami E, et al. Genotyping of infectious bronchitis viruses in the east of Iran, 2015.
Iranian ] Virol. (2015) 9:31-5. doi: 10.21859/isv.9.2.31

52.Seger W, GhalyanchiLangeroudi A, Karimi V, Madadgar O, Marandi MV,
Hashemzadeh M. Genotyping of infectious bronchitis viruses from broiler farms in Iraq
during 2014-2015. Arch Virol. (2016) 161:1229-37. doi: 10.1007/s00705-016-2790-2

53. Bande F, Arshad SS, Hair Bejo M, Moeini H, Omar AR. Progress and challenges
toward the development of vaccines against avian infectious bronchitis. J Immunol Res.
(2015) 2015:1-12. doi: 10.1155/2015/424860

54. Alexander D, Gough R. Isolation of avian infectious bronchitis virus from
experimentally infected chickens. Res Vet Sci. (1977) 23:344-7. doi: 10.1016/
S0034-5288(18)33129-1

55.Nagi S, Gay K, Patalla P, Mondal S, Liu R. Establishment of persistent avian
infectious bronchitis virus infection in antibody-free and antibody-positive chickens.
Avian Dis. (2003) 47:594-601. doi: 10.1637/6087

56. Martin EA, Brash ML, Hoyland SK, Coventry JM, Sandrock C, Guerin MT, et al.
Genotyping of infectious bronchitis viruses identified in Canada between 2000 and
2013. Avian Pathol. (2014) 43:264-8. doi: 10.1080/03079457.2014.916395

57. Jackwood MW, Lee D-H. Different evolutionary trajectories of vaccine-controlled
and non-controlled avian infectious bronchitis viruses in commercial poultry. PLoS One.
(2017) 12:¢0176709. doi: 10.1371/journal.pone.0176709

58. Legnardi M, Franzo G, Koutoulis KC, Wisniewski M, Catelli E, Tucciarone CM,
et al. Vaccine or field strains: the jigsaw pattern of infectious bronchitis virus molecular
epidemiology in Poland. Poult Sci. (2019) 98:6388-92. doi: 10.3382/ps/pez473

59. Cavanagh D, Elus M, Cook J. Relationship between sequence variation in the S1
spike protein of infectious bronchitis virus and the extent of cross-protection in vivo.
Avian Pathol. (1997) 26:63-74. doi: 10.1080/03079459708419194

60.Zhang Y, Xu Z, Cao Y. Host antiviral responses against avian infectious
bronchitis virus (IBV): focus on innate immunity. Viruses. (2021) 13:1698. doi:
10.3390/v13091698

61. Erbeck DH, McMurray BL. Isolation of Georgia variant (Georgia isolate 1992)
infectious bronchitis virus but not Ornithobacterium rhinotracheale from a Kentucky
broiler complex. Avian Dis. (1998) 42:613-7. doi: 10.2307/1592691

62. Purchase H, Cunningham C, Burmester B. Identification and epizootiology of
infectious bronchitis in a closed flock. Avian Dis. (1966) 10:111-21. doi: 10.2307/1588215

frontiersin.org


https://doi.org/10.3389/fvets.2024.1474181
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.rvsc.2014.12.018
https://doi.org/10.22067/ijvst.2021.68272.1009
https://doi.org/10.1007/s11033-020-05788-7
https://doi.org/10.1155/2020/6037893
https://doi.org/10.1016/j.virusres.2015.07.019
https://doi.org/10.3390/vetsci7040187
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1007/BF01731581
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1007/s13337-017-0375-7
https://doi.org/10.1016/j.ijvsm.2013.10.002
https://doi.org/10.1016/j.virusres.2017.08.002
https://doi.org/10.21859/isv.9.2.31
https://doi.org/10.1007/s00705-016-2790-2
https://doi.org/10.1155/2015/424860
https://doi.org/10.1016/S0034-5288(18)33129-1
https://doi.org/10.1016/S0034-5288(18)33129-1
https://doi.org/10.1637/6087
https://doi.org/10.1080/03079457.2014.916395
https://doi.org/10.1371/journal.pone.0176709
https://doi.org/10.3382/ps/pez473
https://doi.org/10.1080/03079459708419194
https://doi.org/10.3390/v13091698
https://doi.org/10.2307/1592691
https://doi.org/10.2307/1588215

	Clinical, pathological, and genotypic analysis of infectious bronchitis virus in broiler chickens in the Abu Dhabi Emirate, United Arab Emirates
	1 Introduction
	2 Materials and methods
	2.1 Epidemiological data, necropsy, and sampling
	2.2 Histopathological examination
	2.3 Real-time quantitative PCR (RT-qPCR) based detection of IBV
	2.4 Amplification of S1 gene, sequencing, and phylogenetic analysis
	2.4.1 Amplification of S1 gene
	2.4.2 Sanger sequencing and BLAST analysis
	2.4.3 Sequence alignment and phylogenetic analysis
	2.4.4 Differentiation of filed versus vaccine strains of UAE – IBV

	3 Ethical approval
	4 Results
	4.1 Outbreaks investigations
	4.2 Pathological analysis
	4.3 Histopathological findings
	4.4 Real-time quantitative PCR
	4.5 Amplification of S1 gene by single-step RT-PCR
	4.6 Sequencing of S1 gene PCR products, BLAST and pairwise analysis
	4.7 Phylogenetic analysis of S1 gene sequences
	4.8 Differentiation of filed versus vaccine strains of IBV

	5 Discussion
	6 Conclusion

	References

