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Abstract

Background: Infectious bronchitis virus (IBV) causes severe economic losses worldwide. IBV has a broad tissue distribution with
different viral loads in different tissues. Additionally, IBV can induce apoptosis in infected cells. Aims: The present study aimed to
evaluate the role of the genetic background of chickens in viral load and the expression level of apoptotic genes in different tissues of
two hybrids of commercial broiler chickens (Ross 308 and Cobb 500) challenged with IBV. Methods: Chickens at 21 days of age
were nasally challenged with 200 pL of allantoic fluid containing 10* EIDso/ml of Iranian variant-2-like IBV (1S/1494). The
expression level of apoptotic genes (Fas, FasL, Bax, and Bcl-2) in the tracheal and renal tissues and the amount of viral load in the
tracheal, renal, and cloacal swab samples were investigated two, five, and seven days after IBV infection by RT-qPCR assay. Results:
The amount of viral load and apoptotic the expression level of apoptotic genes in the tracheal (two and five days after infection) and
renal samples (seven days after infection) were significantly higher in the Ross challenged group than in the Cobb challenged group.
Furthermore, no difference was observed in the cloaca viral load on sampling days. Conclusion: To our knowledge, this is the first
report that evaluated the role of the chickens’ genetic background in the amount of viral load and the expression level of apoptotic
genes against IBV. Further studies are needed to investigate the pathogenic characteristics of IBV in Ross 308 and Cobb 500
chickens.
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Introduction

Infectious bronchitis virus (IBV) is an acute and
highly infectious disease in chickens, leading to dire
economic consequences locally and globally (Liu e al.,
2017; Barjesteh et al., 2020). IBV (a single-stranded
positive-sense, enveloped RNA virus of 27-32 kb length)
belongs to the family Coronaviridae (Bande et al., 2016).
Various variants of IBV have been associated with renal,
respiratory, and reproductive diseases in chickens of
different ages (Ganapathy et al., 2013).

IBV is a fast-replicating, highly mutable virus with
great recombination capacity, leading to the formation of
several strains (De Wit et al., 2018; Marandino et al.,
2019). One of the current effective prevention measures
for this disease is vaccination. Although vaccination has
been effective, curbing the spread of the disease is not
straightforward due to strain diversity and lack of any
complete cross-protection between them (Jordan, 2017;
De Wit et al., 2018; Marandino et al., 2019).
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The respiratory tract is the first route of infection in
most IBV strains (Najimudeen ef al., 2020). IBV attaches
to the respiratory epithelium using the o2, 3-linked sialic
acid receptor, which results in virus replication (Winter
et al., 2006; Madu et al., 2007). Additionally, other
organs could be infected by viremia following infection
of the respiratory tract with IBV (Najimudeen et al.,
2020).

The innate immune system is the first line of defense
against IBV. One of the components of this system is
apoptosis, which plays non-specific protective roles
(Chhabra et al., 2016). Apoptosis, originating from the
activation of intracellular self-demolition biochemical
events, is a method of programmed cell death that occurs
in multicellular organisms (Elmore, 2007; Ampomah and
Lim, 2020). The relationship between apoptosis and viral
diseases is complex. Induction of apoptosis in infected
cells has an important role in triggering the host’s
antiviral reaction and can directly interfere with viral
replication. Nonetheless, several viruses actively trigger
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this action to help their replication (Clarke and Tyler,
2009).

Previous studies have revealed that IBV has a broad
tissue distribution and different viral loads in tissues
(Najafi et al., 2016a; Ren et al., 2020). Additionally,
several studies have demonstrated that IBV induces
apoptosis (Liu ef al., 2001; Zhong et al., 2012; Chhabra
et al., 2016; Liu et al., 2017). However, there is limited
information about the evaluation of viral load and the
expression level of apoptotic genes in different hybrids
of chickens challenged with IBV. Therefore, further
studies are needed to investigate the role of the genetic
background of chickens in IBV. In the present study, we
assessed the viral load in the tracheal, renal, and cloacal
swab samples and the expression levels of apoptotic
genes in the tracheal and renal tissues taken from Ross
308 and Cobb 500 challenged with Iranian variant-2-like
IBV (IS/1494).

Materials and Methods

Experimental design

The current study was conducted as a randomized
controlled experimental study. Chickens were selected
from two breeds (Ross 308 and Cobb 500). A total of
160 one-day-old broiler chicks (80 Ross and 80 Cobb)
were randomly divided into four groups and separately
placed in two rooms (hereafter named the challenged
group room and control group room). Our four groups
were as follows: the Cobb control group, Ross control
group, Cobb challenged group, and Ross challenged
group. Each group received water and food separately.

We labeled all chickens placed in the rooms (C for
Cobb and R for Ross). To ignore the role of maternal
antibodies in creating protection against infectious
bronchitis, enzyme-linked immunosorbent assay
(ELISA) was performed at 21 days of age to measure
anti-IBV antibody titers (IDEXX Kit, USA), following
the manufacturer’s instructions. For the purpose of this
study, only chickens with negative antibody titers were
included. At 21 days of age, all the challenged and
control groups were nasally challenged with 200 uL of
allantoic fluid containing 10* 50% egg infective dose
(EIDsp)/ml of the variant-2-like strain (IS/1494) and 0.2

ml of sterile phosphate-buffered saline (PBS),
respectively.
Strain history

Iranian variant-2-like IBV (IS/1494; accession

number: KT583601; Najafi et al., 2016a) was used in the
study. In addition, the Reed-Muench method was used to
calculate EIDso (Reed and Muench, 1938).

Sample collection and preparation

Ten chickens were sampled from groups two, five,
and seven days after infection. The chickens were then
euthanized using carbon dioxide and cervical vertebra
dislocation, as required by the University of Tehran’s
ethical standards. Tracheal, renal, and cloacal swab
samples were immediately taken, all in sterile conditions.

In addition, the tracheal and renal tissues were biopsied
and tested for apoptotic gene expression. Finally, the
tracheal, renal, and cloacal swab samples were used for
virus detection and viral load measurement.

Real-time polymerase chain reaction
RNA extraction and complementary DNA synthesis

Total RNA was extracted from tissue and swab
samples using the SinaPure RNA Kit (SinaClon, Iran),
and then treated with deoxyribonuclease I (DNase I). The
quality and quantity of total RNA extracted from tissues
and swabs were determined using 230, 260, and 280 nm
spectroscopic measurements. RNA samples with an
absorbance ratio of 1.9-2.2 at OD260/280 and greater
than 2 at OD260/230 were utilized for complementary
DNA (cDNA) synthesis. Single-stranded cDNA was
synthesized from 2 pg total RNA wusing reverse
transcriptase and random hexamer primer. To do so, we
used the RevertAid First Strand cDNA Synthesis Kit
(Fermentas, Canada), following the manufacturer’s
instructions.

Real-time polymerase chain reaction for the
evaluation of apoptotic genes expression

The cDNA resulting from renal and tracheal tissues
evaluated apoptotic gene expression. Table 1 lists primer
pair sets of apoptosis-regulating genes and 28S
ribosomal RNA (rRNA, as a housekeeping gene; Yuan et
al., 2016). For quantitative reverse transcription-
polymerase chain reaction (RT-PCR), the 25 pL real-
time PCR composition contained 2.5 uL cDNA, 12.5 pL.
SYBR Premix (SinaClon, Iran), 0.5 pL forward and 0.5
uL reverse primer at a final concentration of 0.10 um,
and 9 uL ribonuclease (RNase)-free water. The reaction
condition was carried out at 95°C for 3 min, then 40
cycles of 95°C for 15 s, 55°C for 20 s, and 72°C for 20 s
using a Corbett Life Science Rotor-Gene 6000 Cycler.
Expression fold changes were calculated using the 2-44CT
method (Livak and Schmittgen, 2001).

Table 1: A list of oligonucleotides primers used in the real-
time PCR assays

Genes Primer (5°-3") Amplicon
size (bp)

Fas F: TCCACCTGCTCCTCGTCATT 78
R: GTGCAGTGTGTGTGGGAACT

FasL F: GGCATTCAGTACCGTGACCA 77
R: CCGGAAGAGCACATTGGAGT

Bax F: GGTGACAGGGATCGTCACAG 108
R: TAGGCCAGGAACAGGGTGAA

Bcl-2 F: TGTTTCTCAAACCAGACACCAA 198
R: CAGTAGGCACCTGTGAGATCG

28srRNA F: GGCGAAGCCAGAGGAAACT 61
R: GACGACCGATTTGCACGTC

5'UTR-IBV F: GCTTTTGAGCCTAGCGTT 143
R: GCCATGTTGTCACTGTCTATTG

Real-time PCR for IBV titration
The resulting cDNAs from the renal, tracheal, and
cloacal swabs were used for IBV titration. In addition,
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real-time PCR was employed to amplify the conserved
sequence within the 5” untranslated region (5 UTR) of
the IBV genome using the primer pairs listed in Table 1
(Callison et al., 2006). The 20 upL real-time PCR
contained 2 pL. ¢cDNA, 10 pL SYBR Premix (SinaClon,
Iran), 0.4 uL forward and 0.4 pL reverse primers at a
final concentration of 0.10 um, and 7.2 uL RNase-free
water. The reaction was performed using a Corbett Life
Science Rotor-Gene 6000 Cycler. The PCR cycling
parameters included 95°C for 3 min, followed by 44
cycles of 95°C for 15 s, 60°C for 30 s, and 72°C for 20 s
(Najafi et al., 2016b).

Statistical analysis

On each day of the study, the t-test (independent two-
sample t-test) was used to compare viral load and the
expression level of apoptotic genes between the two
challenged groups (Ross and Cobb challenged groups).
All analyses were performed at a significance level of
5%. Stata 14 (StataCorp, College Station, Texas, USA)
was used for data analysis.

Results

Three chickens (Ross breed) were excluded from the
study due to the positive anti-IBV antibody titer at 21

days of age. No positive antibody titer was found for
Cobb chickens at this age.

Findings of apoptotic gene expression in tracheal
and renal tissues

The expression level of apoptotic genes in the
tracheal and renal tissues was calculated two, five, and
seven days after infection in the Cobb and Ross
challenged groups and compared with the Cobb and Ross
control groups. The results showed that viral challenge
with Iranian variant-2-like IBV (IS/1494) induced
apoptosis in renal and tracheal tissues. Furthermore,
induction of apoptotic gene expression was not observed
in the control groups. Moreover, the expression levels of
apoptotic genes were different in the tracheal and renal
tissues of these two breeds in the three sampling
situations. We also observed that the expression level of
apoptotic genes in the tracheal tissue of the Ross
challenged group two and five days after infection was
significantly higher compared to the Cobb challenged
group. The comparison of the expression level of
apoptotic genes in renal tissues showed that the
expression level of apoptotic genes for the Ross
challenged group seven days after infection was
significantly higher than that for the Cobb challenged
group (for more details, see Tables 2 and 3).

Table 2: The mean expression level of apoptotic genes in the tracheal samples of the challenged groups and statistical analysis (the

numbers in parentheses indicate SD)

Apoptotic gene Breed 2 days post-infection 5 days post-infection 7 days post-infection
Fas Cobb 20.20 (2.97) 22.10 (3.21) 20.00 (2.90)
Ross 28.80 (2.25) 31.00 (3.65) 21.70 (1.50)
t=7.29, P<0.0001 t=5.78, P<0.0001 t=1.65, P=0.11
FasL Cobb 4.40(1.34) 5.80 (1.31) 4.90 (1.52)
Ross 7.90 (1.10) 10.10 (1.37) 5.20 (0.91)
t=6.35, P<0.0001 t=7.15, P<0.0001 t=0.53, P=0.60
Bax Cobb 7.60 (1.57) 7.60 (1.57) 7.52 (0. 82)
Ross 11.70 (0.94) 12.00 (1.76) 7.60 (0. 52)
t=7.04, P<0.0001 t=5.87, P<0.0001 t=0.26, P=0.80
Bcl-2 Cobb 3.40 (0. 84) 4.30 (1.56) 3.50 (0.70)
Ross 4.90 (1.10) 7.40 (0.84) 3.90 (1.44)
t=3.42, P=0.003 t=5.50, P<0.0001 t=0.78, P=0.44

Table 3: The mean expression level of apoptotic genes in the renal samples of the challenged groups and statistical analysis (the

numbers in parentheses indicate SD)

Apoptotic gene Breed 2 days post-infection 5 days post-infection 7 days post-infection
Fas Cobb 1.40 (0.51) 2.60 (0.69) 2.90 (0.56)
Ross 1.50 (0.70) 2.80 (0.63) 4.0 (0.66)
t=0.36, P<0.72 t=0.67, P=0.51 t=3.97, P=0.0009
FasL Cobb 1.40 (0.51) 3.70 (0.67) 2.20(0.42)
Ross 1.50 (0.52) 3.80 (0.63) 3.90 (0.56)
t=0.42, P=0.67 t=0.34, P=0.73 t=7.69, P<0.0001
Bax Cobb 1.50 (0.52) 2.70 (0.67) 3.20 (0.63)
Ross 1.60 (0.69) 2.90 (0.56) 4.80 (0.63)
t=0.36, P=0.72 t=0.71, P=0.48 t=5.65, P<0.0001
Bcl-2 Cobb 1.40 (0.51) 2.70 (0.67) 2.90 (0.56)
Ross 1.50 (0.52) 2.90 (0.56) 3.90 (0.73)
t=0.42, P=0.67 t=0.71, P=0.48 t=3.39, P=0.003
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Findings of viral load in the tracheal, renal, and
cloacal swabs

Renal, tracheal, and cloacal viral loads were
measured two, five, and seven days after infection for all
challenged and control groups. Viral loads in all samples
of the control groups were negative. However, the viral
load was detectable in all swab samples of the challenged
groups; the highest viral load was observed in the
tracheal and cloacal samples taken five days after
infection. In addition, we observed the viral load in renal
swabs that increased gradually and peaked at seven days
after infection.

Statistical analysis showed that two and five days
after infection, the mean viral load in the Ross
challenged group’s tracheal samples was significantly
higher than the Cobb challenged group. Additionally,
seven days after infection, the mean viral load in the
Ross challenged group's renal samples was significantly
higher than the Cobb challenged group. Furthermore, no
significant difference was observed between the viral
loads of the cloaca samples in the challenged groups (for
more details, see Table 4).

Table 4: The logarithm base 2 mean viral load in the samples
of the challenged groups and statistical analysis (the numbers in
parentheses indicate SD)

Days post- Trachea Kidney Cloaca

infection

2 Cobb: 5.02 (0.65) 0.42 (1.33) 1.71 2.77)
Ross: 7.25 (0.74) 0.66 (2.09) 3.16 (4.09)
t=7.12, P<0.0001 t=0.30, P=0.76 t=0.92, P=0.36

5 Cobb: 6.73 (0.22) 3.37 (2.96) 7.28 (0.88)
Ross: 7.43 (0.37) 3.28 (3.46) 7.31 (0.49)
t=5.03, P=0.0001 t=0.06, P=0.95 t=0.09, P=0.92

7 Cobb: 6.05 (0.70) 4.93 (0.46) 5.08 (2.70)
Ross: 6.46 (0.65) 5.99 (0.83) 6.68 (0.52)

t=1.38, P=0.18 t=3.48, P=0.002 t=1.83, P=0.08
Discussion

The present study aimed to evaluate the amount of
viral load in the tracheal, renal, and cloacal swab samples
and the expression levels of apoptotic genes in the
tracheal and renal tissues of Ross 308 and Cobb 500
breeds challenged with Iranian variant-2-like IBV
(IS/1494) two, five, and seven days after infection.

Like most respiratory diseases, the respiratory tract is
the first route of infection in most IBV strains
(Najimudeen et al., 2020), and other organs could be
infected by viremia following infection of the respiratory
tract with IBV (Najimudeen et al., 2020). Consistent
with Najimudeen et al.’s study (2020), the virus was
observed in all investigated samples (tracheal, renal, and
cloacal swabs) from the challenged groups during all
sampling conditions. A similar finding was reported by
Najafi et al. (2016a), who showed that Iranian variant-2-
like IBV (IS/1494) had a broad tissue distribution and
was detectable in the respiratory tract, digestive system,
and renal tissues. The current study's findings indicated
that the viral load in the tracheal and cloacal samples was

higher than that of renal ones. This is in line with Ren ef
al.’s study (2020), which found that QX-like strains had
a higher viral load in the trachea than the kidney. Also, it
has been reported that the 02 serotype could show a
higher viral antigen in the nasal turbinate compared to
the kidneys of young chicks (Dolz et al., 2012). In the
current study, we observed that two and five days after
infection, viral loads in the Ross tracheal swabs were
significantly higher than those in the Cobb tracheal
swabs on the same days.

Furthermore, seven days after infection, viral loads in
the Ross renal swabs were significantly higher than those
in the Cobb renal swabs on the same day. Since the 02,
3-linked sialic acid receptor-mediated IBV binding and
infection of host cells (Winter et al., 2006; Madu et al.,
2007), it is likely that the expression level of the a2, 3-
linked sialic acid receptor differed in the epithelium of
the tracheal and renal tissues in Cobb and Ross breeds.
However, further studies are needed to confirm this
viewpoint.

Additionally, Belkasmi et al. (2020) and Zegpi et al.
(2020) found that viral load was associated with
histological lesions. Since the amount of viral load in the
samples taken from the challenged groups of both breeds
was different, the authors suspect that pathological
lesions may also be different in the two breeds, and this
could be considered one of the potential areas for future
research.

In this study, we found that viral challenge with
Iranian variant-2-like IBV (IS/1494) induced the
expression of apoptotic genes in the kidney and trachea
of both challenged groups. Similar to our findings,
several studies have revealed that coronaviruses can
induce apoptosis. For instance, Zhao ef al. (2006), Ding
et al. (2012), Lan et al. (2013), and Chhabra et al. (2016)
demonstrated that coronaviruses induced apoptosis in
various infected cell types. In addition, several studies
have found that some viruses are involved in cell
apoptosis mediated by Fas/FasL signaling as a response
to viral infections, including hepatitis C virus (HCV;
Chen et al., 2011) and dengue virus (DENV; Liao et al.,
2010). Several viruses can stimulate the process of cell
apoptosis via regulating the levels of apoptosis regulator
Bcl-2 family protein members, including severe acute
respiratory syndrome (SARS) coronavirus (Tan ef al.,
2007) and Epstein-Barr virus (EBV; Fu et al., 2013).

Furthermore, it has recently been reported that the
expression levels of genes involved in apoptosis in
chicken embryo kidney cells and tracheal epithelial cells
were upregulated during the infection of virulent IBVs
(Chhabra et al., 2016; Liu et al., 2017). In addition,
evidence shows that IBV could stimulate apoptosis via
caspase-dependent (Liu et al., 2001) and intrinsic-
dependent pathways adjusted through Bcl-2 proteins in
Vero cells (Zhong et al., 2012). Moreover, evidence
indicates that IBV could induce apoptosis through the
extrinsic pathway regulated by Fas/FasL (Han et al.,
2017).

Cell apoptosis induced by IBV has also been
demonstrated in Vero cells, DF1 cells, and chicken
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embryo kidney cells (Zhong et al., 2012; Chhabra et al.,
2016). In the present study, the expression levels of
apoptotic genes were different in the tracheal and renal
tissues of these two breeds on the three sampling days.
Furthermore, in both breeds, it was observed that the
expression level of apoptotic genes was more in the
tracheal tissues compared to the renal tissues. In
addition, it was observed that the expression level of
apoptotic genes in the investigated tissues of the Ross
challenged group was often higher than that of the Cobb
challenged group.

Previous studies have reported that the cell apoptosis
induced by the virus is associated with tissue damage,
where the apoptosis of infected cells can interfere with
viral replication (Clarke and Tyler, 2009). Since the
expression level of apoptotic genes in the investigated
tissues of the Ross challenged group was often higher
than that of the Cobb challenged group, the authors
suspect that pathological lesions may be different in the
two breeds, and this could be considered as one of the
potential areas for future research.

In conclusion, the study was conducted to evaluate
the role of the genetic background of chickens in the
amount of viral load and the expression level of
apoptotic genes in different tissues of two hybrids of
commercial broiler chickens (Ross 308 and Cobb 500)
challenged with IBV. The results showed that the amount
of viral load and the expression level of apoptotic genes
in the tracheal (two and five days after infection) and
renal samples (seven days after infection) were
significantly higher in the Ross challenged group than
the Cobb challenged group. Furthermore, no difference
was observed in the cloaca viral load on sampling days.

To our knowledge, this is the first report that
evaluated the role of the genetic background of chickens
in the amount of viral load, and the expression levels of
apoptotic genes in different tissues of two hybrids of
commercial broiler chickens (Ross 308 and Cobb 500)
challenged with IBV. We observed that the expression
level of apoptotic genes and the amount of viral load
could be affected by breed. Further studies are needed to
investigate the pathogenic characteristics of IBV in Ross
308 and Cobb 500 chickens.

Acknowledgements
The authors gratefully acknowledge the Research
Council of Tehran University for providing the grant

(No. 28692/6/21) and Behparvar Industrial Expansion &
Development Company.

Conflict of interest
The authors declare no conflict of interest.

References

Ampomah, PB and Lim, LH (2020). Influenza A virus-
induced apoptosis and virus propagation. Apoptosis. 25: 1-
11.

IJVR, 2022, Vol. 23, No. 1, Ser. No. 78, Pages 18-23

Bande, F; Arshad, SS; Omar, AR; Bejo, MH; Abubakar,
MS and Abba, Y (2016). Pathogenesis and diagnostic
approaches of avian infectious bronchitis. Adv. Virol.,
2016: 4621659-4621669.

Barjesteh, N; O’Dowd, K and Vahedi, SM (2020). Antiviral
responses against chicken respiratory infections: focus on
avian influenza virus and infectious bronchitis virus.
Cytokine. 127: 154961-154971.

Belkasmi, SF; Fellahi, S; Touzani, CD; Faraji, FZ;
Maaroufi, I; Delverdier, M; Guérin, JL; Fihri, OF; El
Houadfi, M and Ducatez, MF (2020). Co-infections of
chickens with avian influenza virus HIN2 and Moroccan
Italy 02 infectious bronchitis virus: effect on pathogenesis
and protection conferred by different vaccination
programmes. Avian Pathol., 49: 21-28.

Callison, SA; Hilt, DA; Boynton, TO; Sample, BF; Robison,
R; Swayne, DE and Jackwood, MW (2006).
Development and evaluation of a real-time Tagman RT-
PCR assay for the detection of infectious bronchitis virus
from infected chickens. J. Virol. Methods. 138: 60-65.

Cavanagh, D (2007). Coronavirus avian infectious bronchitis
virus. Vet. Res., 38: 281-297.

Chen, Z; Zhu, Y; Ren, Y; Tong, Y; Hua, X; Zhu, F; Huang,
L; Liu, Y; Luo, Y and Lu, W (2011). Hepatitis C virus
protects human B lymphocytes from Fas-mediated
apoptosis via E2-CD81 engagement. PLoS One. 6: €18933.

Chhabra, R; Kuchipudi, SV; Chantrey, J and Ganapathy,
K (2016). Pathogenicity and tissue tropism of infectious
bronchitis virus is associated with elevated apoptosis and
innate immune responses. Virology. 488: 232-241.

Clarke, P and Tyler, KL (2009). Apoptosis in animal models
of virus-induced disease. Nat. Rev. Microbiol., 7: 144-155.

De Wit, J; Cazaban, C; Dijkman, R; Ramon, G and
Gardin, Y (2018). Detection of different genotypes of
infectious bronchitis virus and of infectious bursal disease
virus in European broilers during an epidemiological study
in 2013 and the consequences for the diagnostic approach.
Avian Pathol., 47: 140-151.

Dolz, R; Vergara-Alert, J; Pérez, M; Pujols, J and Majo, N
(2012). New insights on infectious bronchitis virus
pathogenesis: characterization of Italy 02 serotype in chicks
and adult hens. Vet. Microbiol., 156: 256-264.

Elmore, S (2007). Apoptosis: a review of programmed cell
death. Toxicol. Pathol., 35: 495-516.

Fadhilah, A; Kai, T; Lokman, H; Yasmin, N; Hafandi, A;
Hasliza, A; Rinalfi, TT and Hezmee, M (2020).
Molecular and pathogenicity of infectious bronchitis virus
(Gammacoronavirus) in Japanese quail (Coturnix
Jjaponica). Poult. Sci., 99: 2937-2943.

Fu, Q; He, C and Mao, Zr (2013). Epstein-Barr virus
interactions with the Bcl-2 protein family and apoptosis in
human tumor cellsJ. Zhejiang Univ., Sci., B., 14: 8-24.

Ganapathy, K; Wilkins, M; Forrester, A; Lemiere, S;
Cserep, T; McMullin, P and Jones, R (2013). QX-like
infectious bronchitis virus isolated from proventriculitis in
commercial broilers in England. Vet. Rec., 171: 597.

Han, X; Tian, Y; Guan, R; Gao, W; Yang, X; Zhou, L and
Wang, H (2017). Infectious bronchitis virus infection
induces apoptosis during replication in chicken macrophage
HD11 cells. Viruses. 9: 198-211.

Hatakeyama, S; Sakai-Tagawa, Y; Kiso, M; Goto, H;
Kawakami, C; Mitamura, K; Sugaya, N; Suzuki, Y and
Kawaoka, Y (2005). Enhanced expression of an a2, 6-
linked sialic acid on MDCK cells improves isolation of
human influenza viruses and evaluation of their sensitivity
to a neuraminidase inhibitor. J. Clin. Microbiol., 43: 4139-
4146.



Iranian Journal of Veterinary Research, Shiraz University

23

Jordan, B (2017). Vaccination against infectious bronchitis
virus: a continuous challenge. Vet. Microbiol., 206: 137-
143.

Lan, Y; Zhao, K; Wang, G; Dong, B; Zhao, J; Tang, B; Lu,
H; Gao, W; Chang, L and Jin, Z (2013). Porcine
hemagglutinating  encephalomyelitis  virus  induces
apoptosis in a porcine kidney cell line via caspase-
dependent pathways. Virus Res., 176: 292-297.

Liao, H; Xu, J and Huang, J (2010). FasL/Fas pathway is
involved in dengue virus induced apoptosis of the vascular
endothelial cells. J. Med. Virol., 82: 1392-1399.

Liu, C; Xu, H and Liu, D (2001). Induction of caspase-
dependent apoptosis in cultured cells by the avian
coronavirus infectious bronchitis virus. J. Virol., 75: 6402-
6409.

Liu, H; Yang, X; Zhang, Z; Li, J; Zou, W; Zeng, F and
Wang, H (2017). Comparative transcriptome analysis
reveals induction of apoptosis in chicken kidney cells
associated with the virulence of nephropathogenic
infectious bronchitis virus. Microb. Pathog., 113: 451-459.

Livak, KJ and Schmittgen, TD (2001). Analysis of relative
gene expression data using real-time quantitative PCR and
the 2-22CT method. Methods. 25: 402-408.

Madu, IG; Chu, VC; Lee, H; Regan, AD; Bauman, BE and
Whittaker, GR (2007). Heparan sulfate is a selective
attachment factor for the avian coronavirus infectious
bronchitis virus Beaudette. Avian Dis., 51: 45-51.

Marandino, A; Vagnozzi, A; Craig, MI; Tomas, G;
Techera, C; Panzera, Y; Vera, F and Pérez, R (2019).
Genetic and antigenic heterogeneity of infectious bronchitis
virus in South America: implications for control
programmes. Avian Pathol., 48: 270-277.

Najafi, H; Hashemzadeh, M; Madadgar, O; Karimi, V;
Farahani, R; Abdollahi, H; Maghsoudsloo, H and
Seifouri, P (2016a). Pathogenicity characteristics of an
Iranian variant-2 (IS-1494) like infectious bronchitis virus
in experimentally infected SPF chickens. Acta Virol., 60:
393-399.

Najafi, H; Langeroudi, AG; Hashemzadeh, M; Karimi, V;
Madadgar, O; Ghafouri, SA; Maghsoudlo, H and

Farahani, RK (2016b). Molecular characterization of
infectious bronchitis viruses isolated from broiler chicken
farms in Iran, 2014-2015. Arch. Virol., 161: 53-62.

Najimudeen, SM; Hassan, MSH; Cork, SC and Abdul-
Careem, MF (2020). Infectious bronchitis coronavirus
infection in chickens: multiple system disease with immune
suppression. Pathogens. 9: 779-795.

Reed, LJ and Muench, H (1938). A simple method of
estimating fifty per cent endpoints. Am. J. Epidemiol., 27:
493-497.

Ren, G; Liu, F; Huang, M; Li, L; Shang, H; Liang, M; Luo,
Q and Chen, R (2020). Pathogenicity of a QX-like avian
infectious bronchitis virus isolated in China. Poult. Sci., 99:
111-118.

Tan, YX; Tan, TH; Lee, MJR; Tham, PY; Gunalan, V;
Druce, J; Birch, C; Catton, M; Fu, NY and Victor, CY
(2007). Induction of apoptosis by the severe acute
respiratory syndrome coronavirus 7a protein is dependent
on its interaction with the Bcl-XL protein. J. Virol., 81:
6346-6355.

Winter, C; Schwegmann-WeBels, C; Cavanagh, D;
Neumann, U and Herrler, G (2006). Sialic acid is a
receptor determinant for infection of cells by avian
infectious bronchitis virus. J. Gen. Virol., 87: 1209-1216.

Yuan, S; Wu, B; Yu, Z; Fang, J; Liang, N; Zhou, M;
Huang, C and Peng, X (2016). The mitochondrial and
endoplasmic reticulum pathways involved in the apoptosis
of bursa of Fabricius cells in broilers exposed to dietary
aflatoxin B1. Oncotarget. 7: 65295-65306.

Zegpi, R; Breedlove, C; Gulley, S and Toro, H (2020).
Infectious bronchitis virus immune responses in the
harderian gland upon initial vaccination. Avian Dis., 64:
92-95.

Zhao, G; Shi, SQ; Yang, Y and Peng, JP (2006). M and N
proteins of SARS coronavirus induce apoptosis in HPF
cells. Cell Biol. Toxicol., 22: 313-322.

Zhong, Y; Liao, Y; Fang, S; Tam, JP and Liu, DX (2012).
Up-regulation of Mcl-1 and Bak by coronavirus infection
of human, avian and animal cells modulates apoptosis and
viral replication. PLoS One. 7: e30191.

IJVR, 2022, Vol. 23, No. 1, Ser. No. 78, Pages 18-23


http://www.tcpdf.org

