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Abstract: Different genotypes of infectious bronchitis virus (IBV) in poultry are circulating worldwide. The most efficient classification
system for IBV genotypes is based on the complete sequencing of S1 gene, and the target organ can be trachea, kidney, oviduct, lung,
esophagus, proventriculus, intestine, liver, spleen, bursa, cecal tonsils, cloaca, and testis. In Iran, IBV genotyping is usually performed
by partial sequencing of S1 gene, and the trachea is often selected for sampling. This study applies a different genotyping method, and
compares the results with the routine method of genotyping. Samples were collected from the trachea and kidneys of 50 broiler flocks
with respiratory symptoms. The presence of IBV was confirmed by a real-time RT-PCR analysis targeting the 5UTR region of the
genome. Genotype of positive samples was determined by two methods of partial S1 gene sequencing and genotype-specific primers.
In the real-time RT-PCR test, 88% and 90% of tracheal and kidney samples showed positive results, respectively. When the S gene was
sequenced, Variant 2 (GI-23) (68.18%), 793/B (GI-13) (22.73%), Massachusetts (GI-1) (6.82%), and QX (GI-19) (2.27%) were detected
in the tracheal samples, whereas QX (GI-19) and Massachusetts (GI-1) were not diagnosed in the kidney samples. In the genotype-
specific method, IBV genotypes Variant 2, 793/B, Massachusetts, and QX were detected in both tracheal and kidney samples. The results
of genotype-specific method also demonstrated that 70% of tracheal samples and 62% of kidney samples were infected with a single IBV
genotype, while 30% of tracheal samples and 38% of kidney samples were coinfected with different IBV types. When comparing two
genotyping methods, the use of genotype-specific primers was superior to partial S1 gene sequencing, not only in detecting different

IBV types, but also in efficiently applying them in both trachea and kidney.
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1. Introduction

Infectious bronchitis is a highly contagious disease of
chicken that can affect the upper and lower respiratory
tract, kidneys, and genitourinary system. The causative
agent is infectious bronchitis virus (IBV), which causes
significant economic losses in the poultry industry. IBV
belongs to the genus gammacoronavirus and the family
Coronaviridae. Its genome is a single-stranded linear RNA
with an approximate length of 27.6-32 kb that sequentially
encodes 5’UTR, replicase gene 1a, replicase gene 1b, spike,
gene 3a/b, envelope, membrane, gene 5a/b, nucleocapsid,
and 3’UTR [1]. The spike (S)-glycoprotein plays the
main role in the attachment of the virus to the host cell
and the tissue tropism of the virus. It is the main target
of neutralizing antibodies and determines the specificity
of serotypes [2]. The S-glycoprotein is divided into two
parts, S1 and S2, after translation. The high mutation
and recombination rate of IBV has led to the emergence
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of new variants [3]. Phylogenetic analysis based on the
sequencing of IBV S1 gene has revealed the existence
of seven genotypes (GI-GVII), consisting of 35 genetic
lineages, as well as recombinants between lineages [4].
Methods of IBV detection include virus isolation, tissue
culture, immunohistochemistry, and in situ hybridization.
Reverse transcription-polymerase chain reaction (RT-
PCR) and the real-time RT-PCR test have been successful
in detecting various RNA viruses [5]. The real-time RT-
PCR based on the protocol of Callison et al. [6] (5UTR)
was used to detect IBVs circulating in Iran. At that time,
a protocol developed by Worthington et al. [7] based on
amplification of a hypervariable region of S1 gene followed
by sequencing was used to characterize IBVs.

Several IBV genotypes have been reported from
Iran. Six genotypes (Massachusetts (Mass), 793/B, QX,
Variant 2 (IS -1494 like), IR1, IR2) were identified in the
first comprehensive study [8]. The next study showed the
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presence of different genotypes with different prevalence
rates [9]. Several studies showed an increase in Variant
2 genotype and a decrease in the frequency of the other
genotypes [8,9,10]. This study was conducted to answer
the question of whether such an increased prevalence
of Variant 2 compared to other genotypes is real or due
to other genotypes not being diagnosed if Variant 2 was
present, by using two different genotyping methods.

2. Materials and methods

In 2017, tracheal and kidney tissue specimens were
collected from 50 broiler flocks from eight provinces of
Iran (Isfahan (8 flocks), Khorasan (8 flocks), Kurdistan
(7 flocks), Mazandaran (7 flocks), Azerbaijan (5 flocks),
Qazvin (5 flocks), Khuzestan (5 flocks), and Semnan (5
flocks). The chickens received a combination of Mass-
type and 793/B-type IBV vaccines at one day of age.
However, the birds showed clinical signs of respiratory
disease suspicious for IBV. Five birds were selected from
each flock to have their trachea and kidneys sampled (total
500 tissue samples). Five tracheal samples from each flock
were pooled. In addition, five kidney samples from each
flock were pooled so that in the end there was one pooled
kidney sample and one pooled trachea sample from each
of the 50 flocks. The pooled samples were homogenized in
PBS and stored at -70°C for RNA extraction.

RNA was extracted using CinnaPure-RNA (Sinaclone,
Iran) according to the manufacturer’s protocol. cDNA was
synthesized using RevertAid First Strand cDNA Synthesis
Kit (Thermo Scientific, Burlington, Canada) according to
the product manual [11].

Table 1. Specific primers used for IBV genotyping.

All samples were subjected to a real-time RT-PCR
which amplified the 5"UTR conserved region of IBVs of
any genotypes [6].

Genotype of samples, which gave positive results in the
real-time RT-PCR, were determined by amplification and
sequencing of partial S1 gene. A nested PCR, using SX1,
SX2, SX3, and SX4 primers, which their sequences shown
in Table 1 was applied [7]. Initial PCR was performed in
a 20 uL volume in a mixture containing 2 pL of distilled
water, 2 uL of the primers SX1 and SX2, 3 uL of cDNA, and
13 pL of Sinaclon 2x PCR master mix (Sinaclon, Iran). The
amplification reaction was performed in an Eppendorf
Master Cycler gradient thermocycler (Eppendorf,
Hamburg, Germany) for an initial denaturation period at
94 °C for 2 min, and 35 cycles of denaturation at 94 °C
for 15 s, annealing at 58 °C for 30 s, and at 72 °C for 30
s. The final step was performed at 72 °C for 10 min. For
the nested PCR, a 1-pL aliquot of a 1:100 dilution of the
first-round amplicons was subjected to the second round
of amplification using the primers SX3 and SX4, and the
same cycling procedures. The amplicon size was 390 bp.
The RT-PCR products obtained from nested PCR using
SX1, SX2, SX3, and SX4 primers were sent for Sanger
sequencing to Bioneer Company (Bioneer, Korea). Multiple
sequence alignments were performed with ClustalW, and
a phylogenic tree was constructed with MEGA 7 software
using the neighbor-joining method with 1000 bootstrap
replicates to assign confidence levels to branches. The
obtained sequences were aligned and compared with
reference strains available at gene databases based on
NCBI BLAST.

No |Primer name |Sequences (5-->3) Application Product size (bp) | Reference
Var2 F CCGTTTGTGTAAAGGTGTTTATATTG

1 Specific detection | 283 In this study.
Var2 R TATGGCACCAGATGTGTCTAGG
QXF CAGTTTTTGTCACACATTGTTATAGT

2 Specific detection | 659 In this study.
QX R GGTAAGACCCATACATAAAATCACT
Mass F CTCTTCATCTGGGTGTACTGTT

3 Specific detection 100 [30]
Mass R AGACAAAGCCATACCTGATGAC

4 D274 F CCGTAACCAAGAGAGACGGAAAGTGAG

Specific detection | 227 In this study.

D274 R GTAAGTAATGCTACCCCTAACACAG
793/BF GTTGGTTAACATCTTCACAG

5 Specific detection | 163 In this study.
793/BR GGTCTTATTACTAATGTAACTGAAG
SX1 CACCTAGAGGTTTG T/C T A/T GCAT
SX2 TCCACCTCTATAAACACCC/TTT

6 Sequencing 390 [7]
SX3 TAATACTGG C/T AATTTTTCAGA
SX4 AATACAGATTGCTTACAACCACC
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In parallel with genotyping based on partial S1 gene
sequencing, all IBV positive samples were examined by
specific primers detecting different genotypes of Mass,
793/B, Variant 2, and QX. The amplification reactions were
performed in a final volume of 25 pL, using a 2X ready-
to-use master mix containing 2 mM 123 MgCI2, 0.2 mM
each dNTP, 10X PCR buffer, 2 U Taqg DNA polymerase
(Sinaclon, Iran), and 1uL 10 pmol concentration of each
primer (Sinaclon, Iran). Sequences of primers are depicted
in Table 1. Var2 F and Var2 R primer set were used in a
PCR targeting Variant 2 genotype. QX F and QX R, Mass
F and Mass R, D274 F and D274 R, 793/B F and 793/B
R were primer pairs which were used to amplify QX
genotype, Mass genotype, D274 genotype, and 793/B
genotype, respectively. Thermal conditions were the same
for each of the four PCRs including initial denaturation at
95 °C for 5 min, then 35 cycles of 95 °C for 30 s, 60 °C for
30 s, 72 °C for 30s, and a final step at 72 °C for 7 min.

3. Results

Real-time RT-PCR results with 5’UTR primers showed the
presence of IBV in all 50 flocks, even within one organ.
Virus was detected in the trachea of 44 flocks (88%), and
in the kidneys of 45 flocks (90%); 39 flocks (78%) had both
tracheal and renal infection.

Gene sequencing was performed (Figure 1). Four
IBV genotypes were identified in the tracheal samples:
Variant 2 (68.18%), 793/B (22.73%), Mass (6.82%), and
QX (2.27%). However, Variant 2 (75.56%) and 793/B
(24.44%) genotypes were detected in the kidney samples
(Table 2). According to phylogenetic analysis, Variant
2 samples showed the greatest homology with viruses

detected in Iran, Iraq, and Afghanistan in recent years. The
QX viruses detected in this work showed high sequence
similarity with viruses detected in Iran and Iraq in 2014
to 2015, and in China in 2017. Some of the 793/B viruses
in this study showed close relationship to vaccine strain
4/91 (KF377577), and some of them had homologies
with 793/B viruses previously detected in Iran, Pakistan,
and Egypt. Mass viruses detected in this study showed
homology with strains previously present in Iran and also
with strain H120 (Figure 2). The prevalence of the different
genotypes of Variant 2, 793/B, Mass, and QX detected with
genotype specific primers in tracheal samples was 52%,
11%, 4%, and 2%, respectively. However, mixed infections
were also detected in tracheal samples: Variant 2+793/B,
Mass+793/B, and Variant 2+Mass+793/B in 18%, 6%,
and 4% of samples, respectively. Among kidney samples,
51% of samples were infected with Variant 2 only, while
13% of samples were infected with genotype 793/B. The
prevalence of the mixture of Variant 2 and 793/B was
26%, while Mass+Variant 2, Mass+Variant 2+793/B,
Mass+793/B, and QX+ Variant 2 were 2% (Table 2).

4. Discussion

Avian infectious bronchitis is a highly contagious disease
that can spread rapidly in chicken flocks [12]. It is necessary
to update our knowledge about the characterization of IBV
types circulating in a given region at all times to ensure
that the most effective control strategy is implemented.
In Iran several studies have been conducted on IBV
genotyping. In studies conducted between 2002 and 2011,
mainly type-specific primers designated by Cavanagh et
al. [13] were used to diagnose IBV types 793/B, Mass, and

C+C- M

Figure 1. PCR products obtained from S1 gene amplification. Positive
samples giving 390 bp band were sent for purification and sequencing.
M: 100 bp DNA ladder, C-: Negative control, C+: Positive control, 1 to

8: samples.
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Table 2. The summary of IBV genotyping of positive real-time IBV samples from broiler flocks based on using genotype-specific primers
and the partial S1 gene sequencing. Rows highlighted with light gray showed negative results in 5"UTR real-time PCR and none of
genotyping methods was conducted on their samples.

Tissue Kidney Trachea

Methods | Specific primers Partial S1 Specific primers '
Partial S1 gene

Flockno |QX |Variant2 |Massachusetts |793/B gene QX | Variant2 | Massachusetts |793/B

1

2 Variant 2 Variant 2

3 Variant 2 Variant 2

4 Variant 2 Variant 2

5 Variant 2 Variant 2

6 Variant 2 Variant 2

7 Variant 2 Variant 2

8 Variant 2 Variant 2

9 793/B Variant 2

10 - Variant 2

11 793/B

12 793/B

13 Variant 2 Variant 2

14 Variant 2 Variant 2

15 Variant 2

17 _- Variant 2

18 ] 793/B Qx

19 - Variant 2

20 Variant 2 Massachusetts

21 Variant 2 _

22 Variant 2 793/B

24 Variant 2 793/B

25 Variant 2 Massachusetts

26 Variant 2 Variant 2

27 Variant 2 Variant 2

28 Variant 2 Variant 2

29 Variant 2 Variant 2

30 Variant 2 Variant 2

31 Variant 2 Variant 2

32 Variant 2

33 Variant 2 ] 793/B

34 793/B 793/B

35 Variant 2 Variant 2

36 | Variant2 Variant 2

37 793/B 793/B

\O
=



Table 2. (Continued).
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Variant 2
Variant 2
Variant 2

793/B
Massachusetts
Variant 2
Variant 2
793/B

38 Variant 2
39 793/B

40 Variant 2
41 Variant 2
42

43 793/B

44 793/B

45 Variant 2
46 Variant 2
47 Variant 2
48 Variant 2
49 Variant 2
50 Variant 2

D274. Depending on the type of primers used (Mass or
793/B type-specific primers), their results announced the
presence of 793/B or Mass or both IBV types in Iranian
poultry farms [14-17]. Later, researchers found five new
genotypes (IS720, Variant 2, QX, IR-1, and IR-2) in Iran
by RT-PCR of S1 gene and sequencing [8-10]. The results
revealed that the prevalence of Variant 2 genotype of IBV
progressively increased from 7% during a survey period
from 2010 to 2014 [8], to 20% during a survey period from
2015t0 2017 [10], and to a prevalence of 85% in 2017 [18].
In Iran, Mass and 793/B vaccine strains are available, and
various IB vaccination programs have been implemented.
Recently, 793/B vaccines (4/91, IB88, iBird) were used in
combination with Mass-type vaccines in day-old chicks. It
has been shown that the use of two or more live attenuated
IBV vaccines can produce extensive protective immunity
against heterologous serotypes [19]. Habibi et al. [20]
stated that the best crossprotection against IBV Variant 2
is 69%, when a combination of Mass and 793/B vaccines
is used.

The current situation raises the question of whether the
prevalence of Variant 2 genotype has actually increased
and the prevalence of the other genotypes has decreased as
a result of mass vaccination; or whether this is because the
other genotypes were not diagnosed even though Variant
2 was present. To answer these questions, in the present
study, we compared two different methods of genotyping
(one, based on partial sequencing of S1 gene, and the other
based on the use of four genotype-specific primers) to find
a more sensitive method for diagnosing IBVs currently
circulating in Iranian farms. The present study also
includes a recent report on the molecular epidemiology of
IBV in Iran in 2017.

Various methods are used for the detection and
genotyping of IBVs. For IBV detection, conserved

Variant 2
Variant 2
Variant 2

Variant 2

regions of the genome (5UTR, polymerase, membrane,
nucleoprotein, and 3° UTR) are usually targeted in a RT-
PCR or real-time RT-PCR [3,6,21,22]. For genotyping,
RT-PCR methods with specific primers followed by
sequencing, or RT-PCR /RLFP on the spike gene are
commonly used [10,13,23]. Genotype-specific primers
has a disadvantage of not detecting new genotypes. On the
other hand, primers amplifying S1 gene has a disadvantage
of not amplifying IBV's due to the high mutation rate in this
part of the genome. In virus isolation, which is considered
the reference standard for IBV diagnosis, a disadvantage
is that egg-adapted variants usually replicate faster and
in higher titers, so that other IBV types may be missed in
sequencing.

Lin et al. [24] reported a combination of PCR and
RLFP for amplification of the S2 portion of six classical
North American and nine Japanese IBV isolates. They were
able to identify IBV isolates from the field, four of which
were novel. Cavanagh et al. [13] designated genotype-
specific primers and Mass, 793/B, D274, and D1466
were successfully detected. Keeler et al. [25] reported the
specific-primer-PCR method was able to amplify IBV
serotypes 793/B, Ark, JMK, Delaware, Mass, Conn, and
California.

Phylogenetic analysis revealed that Variant 2 and QX
genotypes from this study are closely related to viruses
previously reported from Iran, Iraq, and Afghanistan.
Uncontrolled trade of birds between Iran and neighboring
countries may explain these sequence similarities. The
type 793/B and Mass IBVs detected in this work had
similarities to the corresponding vaccine strains, which
is plausible given the routine vaccination programme in
Iranian poultry farms. Prevalence results obtained from
tracheal samples collected in this work, showed that
Variant 2 was the most dominant genotype, and 793/B
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Figure 2. Phylogenetic tree based on a partial sequence of S1 gene, showing the relationship between the Iranian strains and other
IBV strains. The neighbor-joining method was used with the Kimura 2-parameter substitution model and 1000 bootstrap replicates to
assign confidence level to the branches of the phylogenetic tree. Some of the viruses identified in the current study along with accession
numbers are indicated by black circles. The vertical lines are for spacing branches and labels. The scale bar represents the distance unit
between sequence pairs. The sequences were obtained from GenBank.
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was the second most common genotype, while Mass and
QX were detected at lower incidence. In a comprehensive
study conducted in Iran between 2010 and 2014, Variant
2 was most frequently detected and QX was next, whereas
Mass and 793/B had the lowest prevalence with a slight
difference from QX [8]. In two other studies, conducted
from 2014 to 2015, and from 2015 to 2017, Variant 2 was
the most frequently detected genotype, and 793/B was
the second most common IBV type. QX and Mass were
next [9,10]. The results of this work are relatively similar
with recent studies on IBV epidemiology in Iran. The
lower proportion of QX identified in this work may be
an indication of the efficacy of heterologous vaccination
against this genotype in Iran, which is consistent with
crossprotection studies [26].

Another issue is that the target organs of all recent
surveys were mainly trachea or pooled samples of trachea
and kidney, whereas our study was the first work in Iran, in
which IBV was detected separately in both trachea (88%)
and kidney (90%). All recent data in Iran focused on the
detection of the virus in a single organ or they pooled
different organs together, so that comparison between
different organs was not possible [8-10,16,18]. According
to S gene sequencing results of the current study, the four
IBV genotypes were detected in the trachea, whereas Mass
and QX genotypes were not detected in the kidney. De
Wit et al. [27] also showed that collection of samples from
trachea and kidney is more accurate for IBV detection
using S1 gene sequencing. Mass type was significantly
more frequent in the trachea than in the kidney (11 times),
genotypes 793/B, QX, Q1, Ark, and D274 were also more
frequently detected in the trachea, while IBV types Xindadi
and Italy-02 were more frequent in the kidney. Therefore,
it is suggested to take samples from both the trachea and
the kidney to obtain more valuable results.

In our study, Variant 2 and 793/B were detected more
frequently in the kidney than in the trachea. Such higher
incidence in kidney might be due to tropism of some IBV
types that are latent in kidney [28].

In this study, two methods for genotyping IBV were
compared. Genotype-specific primers showed high
sensitivity, when each genotype-specific primer set was
tested with different concentrations of the specific viral
genotype, and high specificity when each genotype-
specific primer set was tested with different IBV
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