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Abstract

Background: Avian Infectious Bronchitis Virus (IBV) is a highly contagious disease that imposes a huge economic
burden on the global poultry industry. IBV contains numerous serotypes and variants with incomplete tenuous
cross immunological protection. The failure of currently used vaccines to protect against diverse, circulating IBV
strains that are specific to a given region poses a major problem for the poultry industry. Thus, there is an urgent
need to conduct studies aimed at genotyping field IB viruses. In this study, we have determined the molecular
characteristics of circulating IBV by sequencing the S1 gene of viral isolates from affected previously vaccinated
broiler flocks suffering from the disease.

Results: Ten isolates propagated in embryonated eggs showed an ability to induce typical IBV lesions after three
successive viral passages. We performed a nested RT–PCR assay that targeted the hypervariable region 3 (HVR-3) of
the S1 gene, and identified the isolates as IBV through sequence analysis. The IBV isolates showed sequence
similarity between the Syrian isolates that vary from 96.20 to 100%, and those being closer to the Variant-2 strain IS/
1494/06 (EU780077.2) with 97.5 to 99.4% similarities. However, less nucleotide identity was found with sequences
belonging to the used vaccine strains such as H120, Mass5, and 4/91.

Conclusions: This study showed the presence of the Variant-2 strain circulating in Syrian broiler flocks showing
signs of IBV disease. Currently, there is no commercial effective vaccine which protects birds against the Variant-2
strain. Continuous monitoring procedures should be taken to control and limit the spread of the IBV Variant-2
strain. This research emphasizes both the importance of epidemiological monitoring in intensive poultry farming for
novel pathogens and the use of local isolates as future vaccine targets.
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Background
Avian infectious bronchitis (IB) is an acute and highly con-
tagious disease caused by the avian infectious bronchitis
virus (IBV) [1, 2]. IBV is an enveloped and pleomorphic
RNA virus (27.6 kb single-stranded positive sense genome)
in the genus Gammacoronavirus of the Coronaviridae fam-
ily [3, 4]. The viral genome encodes an RNA-dependent
RNA polymerase (RdRp), accessory and regulatory proteins,
and four structural proteins: the spike proteins (S), the
membrane protein (M), the internal nucleoprotein (N), and
the envelope protein (E) [5]. IBV was first reported in
North Dakota, USA, by Schalk and Hawn 1931 [6] as a
novel respiratory disease affecting chickens. The virus is ac-
quired following inhalation or direct contact with contami-
nated poultry, litter, animal husbandry equipment, or other
fomites [7]. It mainly affects the respiratory tract, the kid-
ney, and the reproductive system of chickens across all age
groups [2]. Birds infected with IBV show clinical signs like
sneezing, tracheal coarse crackles, coughing, and reduction
in feed intake [8]. IB morbidity and mortality cause heavy
economic losses throughout the poultry industry around
the world [9], with impacts that extend vertically to the eggs
of chickens affected by IBV. Chickens infected with IBV
have decreased egg production and quality as a result of
thin, fragile, misshapen shells, and thin watery eggs [5, 10].
The disease is conventionally diagnosed by different

methods, including viral isolation (VI), followed by viral
neutralization test (VNT), agar – gel precipitation test
(AGPT), reverse transcriptase- polymerase chain reac-
tion (RT-PCR) [11], restriction fragment length poly-
morphism (RFLP) [12], and real-time PCR [13].
Common indirect methods include the use of Enzyme-
Linked Immuno-Sorbant Assay (ELISA) for the detec-
tion of specific antibodies.
RT-PCR is the most widely used molecular technique

to detect IB viral genome directly from tissue samples or
from allantoic fluid from Specific-Pathogen-Free embry-
onated chicken eggs (SPFEE) inoculated with field sus-
pected samples [14].
It became known to all that PCR-based techniques are

both fast and sensitive in comparison with classical de-
tection methods [15]. Spike glycoprotein (S), the major
protein of IBV, is anchored in the viral envelope and
cleaved into two proteins, S1 and S2, during the post-
translational phase [16, 17]. The S1 protein has three hy-
pervariable regions (HVRs) that are targets for neutraliz-
ing antibodies and are the main determinants for
serotype specificity [16]. Variation in these epitopes is a
cause of weakened vaccine-induced immunity [16, 18],
as sequence variations in S1 protein, used in the deter-
mination of new viral genotypes, are also possibly in-
volved in antiviral response [18]. Such protein is a
differentiating factor between IBV strains and thus is a
main target for genotype characterization, and also plays

an important role in attachment and viral entry into cells
through the sialic acid receptor [19]. Amino acid vari-
ation in the glycoprotein S1 has an important role in tis-
sue tropism and IBV virulence [20], and the RT-PCR
amplification and sequencing of all or part of the S1 gene,
allows identification of IBV strains [17]. Special site
changes in the amino acid sequence of the S protein could
lead to antigenic variation and a new type of the virus,
which may be different from the vaccine strains currently
used in immunization programs [18, 21], and may require
further development of a homologous vaccine.
Recently, Valastro et al. [18] defined IBV strains into

six genotypes comprising 32 distinct viral lineages that
include several unassigned recombinants of inter-lineage
origin based on the complete S1 gene sequence. The dis-
tribution and diversity of these IBV lineages differ with
geographic location [18]. Some lineages are ubiquitous,
and the global distribution of major IBV serotypes has
been shown by Bande et al. (2017) [22] such as Mass-
type, 4/91 (793B or CR88)-like, D274-like (D207, D212
or D1466, D3896), D3128, QX-like, and Italy02 [22]. In
contrast, some lineages are spread in specific geograph-
ical areas, such as GI-23 lineage, which is confined to
the Middle East and includes Variant-2 viruses [18].
The main problem in the control of infectious bron-

chitis is the ability of the virus to generate antigenic vari-
ants, due to mutation, insertion, deletion, and/or
recombination of the S1 spike genes from two different
viruses during mixed infection [16].
In 2018 and 2019, we undertook a nested RT-PCR followed

by sequencing to detect IBV in ten commercial poultry flocks
in Syria that presented clinical signs possibly associated with
IBV. The main aim of this study was to detect the major IBV
genotype variants circulating in poultry flocks in Hama, Homs,
and Tartaus Governorates, and to monitor the possible emer-
gence of any new IBV genotypes. This could provide a guide
to the optimal use of existing vaccines, and to the develop-
ment of new vaccines or vaccine strategies.

Results
Virus isolation
SPF embryonic eggs were passaged with filtrate of tra-
chea or kidney from chickens exhibiting symptoms of
IB. After the third viral passage, typical IBV hemorrhagic
embryonic lesions and delay of development and growth
were observed in all eggs. The embryos exhibited a wrin-
kled and folded appearance, and atypical wrapping of
fingers (Fig. 1). In some cases, the inoculation resulted
in embryonic death.

Nested RT-PCR
Ten tissue samples were collected from the trachea (N =
7) or kidney (N = 3) of chickens suspected to have IBV.
We performed nested RT-PCR on all ten field samples
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to amplify a 393 bp amplicon from the partial spike
glycoprotein of the S1 subunit fragment gene. All ten
field samples produced the expected 393 bp amplicon
after nested RT-PCR (Fig. 2).

Sequencing of partial S1 gene PCR products
All fragments obtained after nested RT-PCR were sequenced
and the isolates were aligned with sequences from Genbank
using BLAST (WWW. ncbi. nlm. nih. gov/ Blast). BLAST
alignment indicated that our sequences shared 97.5–99.4%
identity with the Variant-2 IS/1494/06 (EU780077.2). All se-
quences were submitted to GenBank of NCBI database (Ac-
cession numbers MT010126, MT010127, MT010128,
MT010129, MT010130, MT010131, MT010132,
MT010133, MT010134 and MT010135) (Table 1).

Phylogenetic analysis of partial S1 subunit
From our ten sequences, we constructed a phylogenetic
tree using Geneious 4.8.4 software (Fig. 3) that revealed

three distinct clusters: Cluster I included all ten Syrian iso-
lates, Egyptian Variant 1 strain (JX174183), Egyptian Vari-
ant 2 strain, Israeli IS/1494/06 Variant 2 (EU780077.2)
and IBV/chicken/Kurdistan Erbil/12VIR10065-16/2012
(KF153245). Cluster II included an Italy-02 strain, two
Iranian strains (strain IR-Razi-HKM1-2010 and strain
Iran/793B/H741/13), vaccine strains 4/91 and MHW-QX-
KDL-3-2012. Finally, Cluster III consisted of the two Mas-
sachusetts vaccine strains (Ma5, H120).
The present study showed high sequence similarities

(96.2–100%) among Syrian isolates, which appear to be
closer to strains that belong to the Variant-2
(EU780077.2 and JX027070.). A lower percentage of nu-
cleotide identity was found with the vaccine strains
H120, Mass5, and 4/91.

Discussion
IBV is a major pathogen in both vaccinated and non-
vaccinated stock within the poultry sector. In recent

Fig. 1 aStunting embryos (16 days). b Control (16 days)

Fig. 2 Agarose gel electrophoresis of Nested PCR products ≈ 393 bp. Lane M: 100 bp ladder, Lanes 1–9 Field Isolates (Lane1:T1T,
Lane2:Ho1T,Lane3:T2k, Lane4:T3T, Lane5:T4T, Lane6:T5T, Lane7:Ha2T, Lane8:T6K, Lane9:T7K, and Isolate Ha1T not included ). NC Negative control
(nuclease-free water). PC Positive control (H120 vaccine strain)
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years, IBV has caused significant economic losses in Syr-
ian poultry production. IBV-based vaccination strategies
targeting Ma5, H120, (and 4\91in some flocks) have
been applied for IB control in Syrian poultry farms.
However, IB-suspected cases have been frequently re-
ported from broiler flocks, and were attributed to loss of
protection after initial vaccine effectiveness or host’s in-
ability to respond to primary vaccination.
There are two hypothetical reasons for primary vac-

cine failure: the first is the emergence of new variants,
and the second is weak or no cross-protection between
the field viruses and the strain used in vaccination. This
study has proven the widespread of the IB disease
among vaccinated broiler flocks and the circulation, in
the Syrian regions of Hama, Homs, and Tartous, of gen-
etically new isolates different from the used vaccine
strains (H120 and Ma5).
We analyzed the partial S1 gene of all these IBV iso-

lates and compared them with some sequence informa-
tion available in GenBank. Phylogenetic analysis revealed
that the Syrian IBVs isolates are closely related to
Variant-2 strain. The Variant-2 strain is the most com-
mon strain in all countries which border Syria, and in
the Middle East [23–25]. The Egypt/Beni-Suef/01 isolate
was detected in Egypt with 99.5% similarity with IS/
1494/06 [26]. In Libya, sequences of the S1 gene of IBV

strains obtained from broiler flocks with respiratory
symptoms of IB formed a cluster with 100% relatedness
to the Variant-2 strain (IS/1494/06) [8]. Kahya et al. re-
ported that eight Turkish IBVs isolates from broiler and
breeder chicken flocks were related to the same Variant-
2 IS/1494/06 IBV strain (EU780077), and showed 99%
nucleotide similarity [23]. The Syrian isolates were re-
lated to the same Israeli Variant-2 strain with 97.5–
99.4% similarity.
We found that the Syrian isolates shared between 96.2

and 100% nucleotide similarity with each other. and it is
very interesting to be noted here that the sequence of
the Ha2T sample was comparatively more genetically di-
vergent from the rest of Syrian samples, sharing between
96.2 and 97.3% sequence similarity.
The virus isolated from the sample Ha2T needs to be

further analyzed and a full S1 gene sequencing realized
to get complete answer about these differences. Even
though detection of mutations or recombination may
exist, the isolate seems to be closer to Variant-2, when
amino acid sequences were compared.
The samples studied here belong to GI-23 lineage that

represents a unique wild-type cluster of IBV viruses,
geographically confined to the Middle East [18]. Strains
belonging to this lineage have been detected since 1998
in Middle East countries and are actively circulating

Fig. 3 Phylogenetic tree based on alignment of partial S1 gene sequences of ten Syrian IBV variants (bold line), vaccine strains (red line) and
seventeen Isolates/strains retrieved from GenBank. The phylogenetic tree was constructed using of Geneious 4.8.4 software with neighbor-joining
method using of 500 bootstrap replicates
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[24]. Some have become dominant in the majority of
farms and are involved in respiratory and renal lesions
[27]. Previously, many of these strains were assigned
Variant-2 to distinguish them from those clustering
within Variant-1 [28, 29].
Currently, the major control measures of IB in broiler

flocks are based on vaccination with live attenuated IBV
vaccine (Mass serotypes) such as H120, and Ma5 strains.
Chicken flocks vaccinated with Mass serotype live vac-
cines usually failed to present full protection against
virulent wild-type IBVs, resulting in high IB-induced
morbidity and mortality within vaccinated chicken
flocks. The low correlation in nucleotide similarity be-
tween the ten IBV isolates in this study and the vaccine
strains (average nucleotide identity of 81.5%) (Table 1)
could explain the failure of the H120 and Ma5 vaccin-
ation programs to control IBV in these flocks. Awad
et al., (2015) showed that vaccination with (H120) strain
of one-day old chicks followed by a second, but different
vaccination at day 14 (4/91) may provide 80% protection
against Variant-2 strains [30]. However, based on the
genetic differences between the Syrian isolates presented
in this study and the vaccine strains, a more efficacious
vaccine strategy may be used to generate an IBV vaccine
that is homologous to the Variant-2 strains found within
the Middle East.
Although, there is no commercially available vaccine

against Variant-2 strains. Local trial vaccines were re-
cently developed and evaluated in Egypt and Iran with
promising results [31, 32].

Conclusions
In this study, we conducted partial sequencing of the S1
gene of Syrian isolates sampled from chickens suspected
to carry IBV. We contextualized the genetic sequences
of the Syrian strains in a phylogenetic analysis with other
worldwide reported isolates, including strains that are

commonly used in IBV vaccines. The Syrian variants
were relatively close to Variant-2 strains, which belong
to GI-23 lineage. Further epidemiological surveillance
studies are needed in order to explain the mechanism of
genetic variation in these emerging pathogens and their
biological properties, including their pathogenicity.
There is a substantial need to develop a vaccine that
protects broiler flocks against infection with Variant-2
IB viruses. The continuous characterization of new IBV
strains is important for understanding the molecular
evolution of different genotypes and for selecting candi-
date virus strains for vaccine strain development.

Methods
Tissue samples
Trachea and kidney samples were collected from sus-
pected IBV outbreaks in Hama, Homs, and Tartaus gov-
ernorates in Syria. All flocks were vaccinated as referred
in (Table 2), and suffered from respiratory signs as gasp-
ing, sneezing, and rales. The most commonly observed
necropsy lesions included serous, or caseous exudate in
the trachea, and cloudiness in the air sacs. A caseous
plug was found in the lower trachea or bronchi in all
dead birds. Three flocks were suspected to be infected
with nephropathogenic IBV strain, as the kidneys were
swollen and whitish with the tubules often distended
with urates. The samples were denoted by a short name
starting with the first letters of the name of the gover-
norate, followed by a number indicating its order, and
ending with a letter indicating the tissue sampled. For
example, sample Ha1T was from Hama Governorate,
No.1, and was collected from trachea. Sample collection
was performed upon farm owner’s permission.

Virus isolation and propagation
All the samples were homogenized in laboratory mortar
after adding two volumes of 0.9% NaCl normal saline to
one volume of tissue. Subsequently, samples were centri-
fuged at 1500 g for 20 min at 4 °C. The supernatant was
filtered through a 0.22um filter; the filtrate was supple-
mented with 1000 IU /ml of penicillin and 10 mg/ml of
streptomycin, and 200 µl of this homogenate was inocu-
lated into the allantoic cavity of 10-day-old fertile SPF
embryonated eggs. Three eggs were used for each
sample.
The inoculated eggs were incubated at 37 °C and can-

dled daily to check for embryonic viability. After 5–6
days of incubation, the chorioallantoic fluid was har-
vested and used for subsequent passages. Three serial
passages were performed, and the chorioallantoic fluid
was collected 5–6 days post-inoculation. In addition,
two uninoculated SPF eggs were used as controls in
every isolation passage process [33].

Table 2 Details of IBV samples obtained in the current study,
during 2018-2019

Sample Governorate aAge (day) Vaccine Organ of isolation

Ha1T Hama 27 Ma5 Trachea

T1T Tartous 37 H120 Trachea

Ho1T Homs 33 H120 Trachea

T2K Tartous 29 H120+Ma5 Kidney

T3T Tartous 34 H120+Ma5 Trachea

T4T Tartous 28 H120 Trachea

T5T Tartous 27 H120 Trachea

Ha2T Hama 35 H120 Trachea

T6K Tartous 30 H120 Kidney

T7K Tartous 35 H120 Kidney
aAge: bird's age at sample collection
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Viral RNA extraction and RT-PCR technique
The collected samples (trachea and kidney) were stored
at − 20 °C until RNA extraction was performed. RNA ex-
traction was carried out from tissue using GF-1 Total
RNA extraction kit (Vivantis, Malaysia) according to the
manufacturer’s instructions. RNA extraction was
followed by RT-PCR.
Reverse transcription (RT) was performed using a

two-step RT-PCR Kit (Vivantis, Malaysia). Briefly, RNA
was added to a primer mixture containing.
7 µL total RNA, 1 µL gene-specific primer SX2-, and

1 µL 10 mM dNTPs mix. The reaction was incubated at
65 °C for 5 minutes, followed by chilling in ice for 2 mi-
nutes, and then cDNA synthesis mix was added (2
µL10x Buffer M-Mul V, 0.5 µL M-Mul V reverse tran-
scriptase enzyme and nuclease-free water to a final vol-
ume of 25 µL). The reaction mix was then incubated at
42 °C for 60 min, and at 85 °C for 5 min to stop the re-
action. 8 µL of cDNA was used as template for PCRs.

Nested PCR
Primary PCR was performed according to the methods in
[Worthington et al. 2008] [10]. The primary PCR was con-
ducted using a pair of specific primers: SX1+ (5’-CACC
TAGAGGTTTGT/CTA/TGCAT-3’) and SX2- (5’-TCCA
CCTCTATAAACACCC/TTT-3’) (from Metabion-
Germany) in a final volume of 25µL containing: 8 µl of
cDNA, 0.5µL of each primer (10 mM), 12.5µL of master
mix (One PCR, Gene Direx), and 3.5 µL nuclease-free
water. The mixture was placed in a thermal cycler
(Techne-512) according to the following program: one
cycle of initial denaturation at 94 °C for 2 min and 35 cy-
cles of the following steps: denaturation at 94 °C for 30
sec, annealing at 56 °C for 30 sec, and extension at 72 °C
for 1 min. Then one cycle of final extension was per-
formed at 72 °C for 7 min. A nested PCR assay, using the
specific primers SX3+ (5’-TAATACTGGC/TAATTTTT-
CAGA-3’), SX4- (5’AATACAGATTGCTTACAACCAC
C-3’) (from Metabion-Germany) was carried out to amp-
lify a segment of ≈ 393-bp of the S1 gene. 1µL of the pri-
mary PCR product was used as a template in the nested
PCR. The same methodology that was used in the primary
PCR reaction was used in the nested PCR reaction, with
the exception that annealing temperature was 53 °C. The
H120 vaccine strain was used as a positive control for
RNA extraction and amplification reactions, and nuclease-
free water was used as a negative control. The nested PCR
product products were visualized by electrophoresis on a
1.5% agarose gel stained with ethidium bromide.
DNA products were gel-purified using an GF-1 Ambi-

Clean Kit (Vivantis, Malaysia), according to the manu-
facturer’s instructions, and the concentration of the
purified DNA was then determined using a Nanodrop

instrument (Thermo). The purified DNA was stored at
-20 °C until sequencing.

Sequencing and sequence analysis
The purified nested PCR products of the partial S1 gene
were sequenced via a Macrogen Sequencing System
(Macrogen Co., Korea).
Sequences were aligned with each other using Gen-

eious v 4.8.4 sequence analysis software. The obtained
sequences were subjected to BLAST analysis using the
BLAST Tool at NCBI GeneBank (Basic Local Alignment
Search Tools) (http://www.ncbi.nlm.nih.gov/blast). All
ten sequences of this work were submitted to the NCBI
GenBank database (accession numbers in Table 1). Nu-
cleotide sequences of 13 reference strains were retrieved
from the GeneBank database (Fig. 3) and integrated with
our sequences to construct a phylogenetic tree .

Phylogenetic analysis
The phylogenetic tree was constructed with Geneious
4.8.4 software using a neighbor-joining method and 500
bootstrap replicates. This phylogeny analysis included the
sequences of ten Syrian IBV isolates, four vaccine strains,
and nine foreign isolates from Middle East and Italy.
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