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A B S T R A C T

QX-like genotype infectious bronchitis virus (IBV) has become prevalent in recent years. Few studies have re-
ported the effects of accessory proteins 3a and 3b on pathogenicity in vivo. We developed a reverse genetics
system to manipulate the genome of a QX-like IBV strain IBYZ. Recombinant viruses rIBYZ-ScAUG3a, rIBYZ-
ScAUG3b and rIBYZ-ScAUG3ab were generated. These viruses do not express the accessory proteins 3a, 3b, or
3ab due to a mutation in the AUG start codons. In SPF embryonated eggs, the recombinant viruses grew to the
same viral load as parental strain rIBYZ. The pathogenicity of rIBYZ and recombinant viruses was examined in 1-
day-old SPF chickens. In SPF chickens, rIBYZ-ScAUG3a had a lower mortality than rIBYZ. The clinical signs,
gross lesions and histopathological changes of rIBYZ-ScAUG3a group were comparable to those of rIBYZ group.
However, viral distribution and viral shedding showed that the viral loads of rIBYZ-ScAUG3a were lower than
those of rIBYZ in tissue samples and swab specimens. The rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab strains showed
attenuated pathogenicity compared to rIBYZ, as no chickens died and all the parameters tested were con-
siderably low. This study indicates that the absence of accessory proteins 3a and 3b in IBV lead to attenuated
pathogenicity in chickens. Protein 3b has a greater effect on pathogenicity than protein 3a. These findings may
be used in vaccination trials for the development of a new live-attenuated vaccine.

1. Introduction

Infectious bronchitis is an acute, highly contagious respiratory dis-
ease caused by infectious bronchitis virus (IBV). Chickens of all ages but
especially younger are susceptible to IBV infection (Jackwood, 2012;
Cook et al., 2012). The virus mainly replicates in the respiratory tract
and epithelial cells of the gut, kidney and oviduct (Naqi et al., 2003;
Khataby et al., 2016; Cavanagh, 2007). Clinical manifestations include
upper respiratory signs, urogenital system failures in the kidney, ovary
and oviduct (Thor et al., 2011; Feng et al., 2012; Zhong et al., 2016).
The virus is shed from both the respiratory tract and cloaca, persisting
in chicks and the intestinal tract for weeks or months (de Sjaak et al.,
2011).

IBV belongs to the Coronaviridae family, order Nidovirales. It is an
enveloped virus owing a 27.6 kb single-stranded positive-sense RNA
genome. IBV code at least 10 open reading frames (ORFs) organized as
follows: 5'UTR-1a-1b-S-3a-3b-3c(E)-M-5a-5b-N-3'UTR (Reddy et al.,
2015). The virus encodes four main structural proteins, spike glyco-
protein (S), small envelope protein (E), integral membrane protein (M),
and nucleocapsid protein (N) (Hodgson et al., 2004; Liu et al., 2009).
The accessory proteins encoded by gene 3 and 5 are dispensable for

virus replication (Hodgson et al., 2006; Casais et al., 2005; Youn et al.,
2005). Proteins 3a and 3b are involved in the delayed activation of the
interferon (IFN) response induced by IBV in vitro (Kint et al., 2015a). In
addition, protein 3a has a role in IBV resistance to the antiviral state
induced by type I IFN (Kint et al., 2015b). Accessory protein 5b is re-
lated to host cell shutoff, and the inhibition of type I IFN production
(Kint et al., 2016). Deletion of accessory genes 3ab and/or 5ab in IBV
results in reduced ciliostasis compared to the parental virus, indicating
that accessory genes contribute to the pathogenicity of IBV (van
Beurden et al., 2018). Accessory gene 5a is related to the attenuation of
virulent IBV (Zhao et al., 2019). At present, the involvement of acces-
sory proteins 3a and 3b in the pathogenicity of IBV in infected chickens
has not been demonstrated.

In this study, we have developed a reverse genetics system based on
a virulent IBV strain IBYZ. Recombinant viruses rIBYZ-ScAUG3a, rIBYZ-
ScAUG3b and rIBYZ-ScAUG3ab were generated. These viruses do not
express accessory proteins 3a, 3b or 3ab due to a mutation in the AUG
start codons. The pathogenicity of recombinant viruses in chickens
were investigated and compared with the parental strain IBYZ. The
effects of accessory proteins 3a and 3b on pathogenicity were analyzed.
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2. Materials and methods

2.1. Virus

The QX-like IBV strain IBYZ (GenBank accession number:
KF663561) was isolated from chicken flocks showing apparent re-
spiratory symptoms and renal disease in Jiangsu Province in 2011. It is
a nephropathogenic virulent strain. An infectious cDNA clone of IBYZ
was constructed using an assembly strategy in vitro (Zhou et al., 2011).
The recombinant virus rIBYZ was rescued by passage and harvest in SPF
chicken embryos.

2.2. Generation of recombinant viruses

Construction of the modified gene 3 cDNAs of IBYZ strain is de-
picted schematically in Fig. 1. Point mutant primers for 3a (F: 5′-CTG

TTTAAAGGTTCAAACTCCCG-3′; R: 5′-TGAACCTTTAAACAGACTTTTT
AGG-3′) and 3b (F: 5′- GACTAAAGTTAGATTTTGAGAAAAC-3′; R: 5′-
AATCTAACTTTAGTCTAGGCTGTGC-3′) were used in the overlapping
PCR. Recombinant plasmids for mutant 3a and 3b AUG start codons
were constructed. By using appropriate ligation strategy, the cDNAs for
the recombinant viral genome were reconstituted. The genome RNAs
were synthesized in vitro by T7 RNA polymerase, and transfected into
monolayer BHK-21 cells. The recombinant viruses rIBYZ-ScAUG3a,
rIBYZ-ScAUG3b, rIBYZ-ScAUG3ab which do not express the accessory
genes 3a, 3b or 3ab were rescued and harvested from chicken embryos.
Parental strain rIBYZ and recombinant viruses were propagated in al-
lantoic cavities of 11-day-old specific-pathogen-free (SPF) embryonated
chicken eggs, incubated at 37 °C. Allantoic fluid was collected at 40 h
post infection (hpi) and stored at −80 °C. The 50% embryo infectious
dose (EID50) in SPF embryonated eggs was determined by Reed-Muench
methods (Reed et al., 1938).

Fig. 1. Construction of the modified gene 3
cDNAs of IBYZ strain. Ten cDNA fragments
covering the entire genome of IBYZ strain were
amplified by RT-PCR. All the PCR products
were flanked by unique Bsa I restriction en-
zyme sites, and ligated into pMD19-T vector.
Modification to the IBYZ gene 3 were carried
out by using overlapping PCR. The translation
initiation codon ATG of ORF3a open reading
frame in the pYZ8 plasmid was modified to
AAG, and the translation initiation codon ATG
of ORF3b open reading frame in the pYZ9
plasmid was also modified to AAG. Depending
on the plasmids pYZ8, pYZ8-ScAUG3a, pYZ9,
pYZ9- ScAUG3b and the unique Bsa I restric-
tion enzyme sites, three modified gene 3
cDNAs of IBYZ strain were produced.
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2.3. RT-qPCR assay

A real-time reverse transcription quantitative polymerase chain re-
action (RT-qPCR) method was established. According to the sequences
of IBV from GenBank, primers for SYBR Green I Real-time PCR were
designed based on a highly conservative area in the 5′-UTR. The up-
stream primer was 5′−CCGTTGCTTGGGCTACCTAGT-3′, and the
downstream primer was 5′-CGCCTACCGCTAGATGAACC-3′. The am-
plification product was cloned to pMD18-T vector (Takara) as a positive
plasmid. The concentration of the plasmid was measured. A gradient
dilution of 5× 102–5×108 copies/μl of the plasmid was used as
template for quantitation test. By plotting the cycle threshold (CT)
values against the copies of the plasmid, the standard curve was gen-
erated.

Viral RNAs of rIBYZ, rIBYZ-ScAUG3a, rIBYZ-ScAUG3b and rIBYZ-
ScAUG3ab were extracted from samples using TRIzol Reagent
(Invitrogen, Carlsbad, CA, USA) following the manufacturer’s instruc-
tions. To generate cDNA strand, reverse transcription was carried out
using PrimeScript™ RT Master Mix (Takara Otsu, Shiga, Japan). The
reaction was carried at 37 °C for 15min, and 85 °C for 5 s for cDNA
synthesis. The cDNA product was used as template for qPCR. The
mixture contained 2 μl template cDNA, 10 μl mixture of SYBR Premix
Ex Taq (Takara), 0.4 μl forward primer (10 μmol/l), 0.4 μl reverse
primer (10 μmol/l), and nuclease-free water up to 20 μl. The real-time
PCR was developed in an Applied Biosystems (ABI) 7500 platform.
Fluorescent signals were detected and melting curves were analyzed.

2.4. Growth kinetics of viruses

Growth kinetics of recombinant viruses were examined in SPF em-
bryonated eggs. Allantoic fluid (100 μl) containing 1×108 copies/ml
of viruses was inoculated into the allantoic cavity of 11-day-old SPF
chicken embryo, eight eggs per strain. The amounts of progeny viruses
at specific time points were determined by RT-qPCR, and compared
with the amounts produced by rIBYZ.

2.5. Animals and ethics statement

SPF chickens and eggs were purchased from Beijing Merial Vital
Laboratory Animal Technology Co., Ltd, China. Chickens were main-
tained in isolators during the experimental period. The animal rearing
facilities were approved by the Jiangsu Administration Committee of
Laboratory Animals under the leadership of the Jiangsu Provincial
Government. The protocols for this experiment were designed ac-
cording to the guidelines of the Animal Welfare and Ethical Censor
Committee at Jiangsu Institute of Poultry Science.

2.6. Pathogenicity experiments

1-day-old SPF chickens (n= 250) were randomly divided into five
groups (n=50 each). Chickens were ocular-nasally administered
100 μl (1× 106 EID50/ml) of rIBYZ for group B, rIBYZ-ScAUG3a for
group C, rIBYZ-ScAUG3b for group D, and rIBYZ-ScAUG3ab for group
E. Chickens in group A were used as negative control and administered
with 1×phosphate-buffered saline (PBS). Birds were maintained in an
isolator for 30 days with food and water provided at will.

2.6.1. Clinical observations and sampling
Clinical symptoms which are relevant to IBV infection were ob-

served daily for 30 birds in each group. Chickens showing symptoms of
cough, sneeze, tracheal rales, depression were recorded. The other 20
birds were used for sampling. At 1, 3, 5, 7, 10 days post infection (dpi),
3 chickens from each group were euthanized. Gross lesions were re-
corded and samples of the trachea, lung and kidney were collected.
Viral loads in these tissues were detected by RT-qPCR. Tissue sections
were fixed in 10% neutral formalin for histopathological examination.

2.6.2. Histopathology
After 48 h fixation, tissue samples were embedded in paraffin wax

and sectioned at 5 μm. Sections were stained with hematoxylin and
eosin (H&E) and evaluated for histopathological lesions by light mi-
croscopy. The histopathological lesions were scored as follows: 0 for no
lesions, 1–3 for slight lesions, 4–6 for moderate lesions, 7–10 for severe
and extensive lesions. The mean lesion scores in trachea, lung, and
kidney were calculated for each group.

2.6.3. Viral shedding
To detect viral shedding, oral and cloacal swabs of 10 birds from

each group were collected at 7, 14, 18, 22, 26 dpi. Swabs were placed in
1ml ice-cold PBS (pH 7.4) and centrifuged at 1000 × g for 5min. Viral
loads in supernatants were detected by RT-qPCR.

2.7. Statistical analysis

All statistical analysis were performed by GraphPad Prism version
7.0 (GraphPad Software Inc., San Diego, California, USA). Significance
means for parameters between groups were analyzed by two-way
ANOVA test and Tukey’s multiple comparison tests. Differences were
considered significant when P≤ 0.05 (*), highly significant when
P≤ 0.01 (**), and very highly significant when P≤ 0.001 (***).

3. Results

3.1. Growth kinetics

The growth kinetics of recombinant viruses were investigated in ovo
(Fig. 2). At 12–24 hpi, viral copies increased exponentially for all the
viruses. The viral loads of recombinant viruses were lower than those of
parental strain rIBYZ at 12 hpi and 18 hpi, and the differences were
very highly significant (P≤ 0.001), with the exception of rIBYZ-
ScAUG3a, which had no significant difference with rIBYZ at 18 hpi. At
24 hpi, the viral loads of rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab were
lower than those of rIBYZ (P≤ 0.01), while the viral loads of rIBYZ-
ScAUG3a were higher than those of rIBYZ (P≤ 0.001). The viral loads
of recombinant viruses increased steadily at 30 hpi to 42 hpi, and they
were comparable to those of rIBYZ afer 48 hpi.

3.2. Clinical manifestations

Chickens infected with rIBYZ-ScAUG3a and rIBYZ strain showed
similar clinical symptoms at 5 dpi, lasting to 7 dpi. The morbidity of
rIBYZ and rIBYZ-ScAUG3a was 100% and 86.67%, respectively. 22
chickens infected with rIBYZ and 19 chickens infected with rIBYZ-
ScAUG3a, respectively, showed severe clinical signs, including de-
pression, sneezing and tracheal rale. 8 chickens in rIBYZ group and 7
chickens in rIBYZ-ScAUG3a groups showed slight symptoms, they
huddled together with ruffled feathers. 7 chickens infected with rIBYZ-
ScAUG3b and 5 chickens infected with rIBYZ-ScAUG3ab showed list-
lessness, respectively, so the morbidity was 23.33% and 16.67%, re-
spectively. The survival percent of the rIBYZ group was 36.67%, since
19 chickens died during the experimental period. The survival rate of
rIBYZ-ScAUG3a group was 43.33% for 17 chickens died (Fig. 3). No
chickens died in rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab groups.
Chickens in the control group were alert and active, with no obvious
clinical signs or death.

3.3. Gross lesions

At necropsy, obvious lesions were found at 5 dpi in the respiratory
systems of chickens infected with rIBYZ and rIBYZ-ScAUG3a. These
lesions included catarrhal exudate in the nasal cavity, mucus and he-
morrhage in the trachea and throat, and congestion and edema in the
lung. Typical lesions are pale and swollen kidney, with urate deposition
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Fig. 2. The growth kinetics of the viruses. The error bars indicate standard deviation (n=8×3). Data were analyzed by two-way ANOVA test, followed by Tukey’s
multiple comparison tests. *P≤ 0.05, significant; **P≤ 0.01, highly significant; ***P≤ 0.001, very highly significant.

Fig. 3. Survival rates of chickens infected with the viruses.

Fig. 4. Gross lesions in the trachea, lung, and kidney of chickens infected with the viruses. A : Control. B: rIBYZ. C: rIBYZ-ScAUG3a.
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in renal tubule and ureter (Fig. 4). Chickens infected with rIBYZ-
ScAUG3b and rIBYZ-ScAUG3ab showed slight hemorrhage in trachea
and lung, but no obvious lesions in the kidney. Chickens in the control
group showed no gross lesions.

3.4. Viral RNA detection in tissues

The viral genome copy numbers in trachea, lung and kidney samples
were detected by RT-qPCR (Fig. 5). Viral loads were highest in the
kidney followed by the trachea and lung. Viral loads in the trachea,
lung and kidney of rIBYZ and rIBYZ-ScAUG3a groups peaked at 5 dpi
and subsequently decreased. The peak value of rIBYZ-ScAUG3a was

considerably lower than that of rIBYZ, and this difference was very
highly significant (P≤ 0.001). At 3 dpi, rIBYZ-ScAUG3a viral loads
were considerably higher than rIBYZ in trachea, lung and kidney, and
the differences were very highly significant (P≤ 0.001). However, at 7
dpi, rIBYZ-ScAUG3a viral loads were considerably lower than rIBYZ in
lung samples, and this difference was very highly significant
(P≤ 0.001). Viral loads of rIBYZ-ScAUG3b and rIBY-ScAUG3ab were
low during experiments, with the exception of the trachea.

3.5. Viral shedding

Viral loads in oral and cloacal swabs were detected by RT-qPCR

Fig. 5. Viral loads in different tissue samples of chickens measured by RT-qPCR. A: Trachea. B. Lung. C. Kidney. The error bars indicate standard deviations
(n=3×3). Data were analyzed by two-way ANOVA test, followed by Tukey’s multiple comparison tests. ***P≤ 0.001, very highly significant.
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Fig. 6. Viral shedding detected in oral and cloacal swabs of chickens measured by RT-qPCR. A: Oral swabs. B: Cloacal swabs. The error bars indicate standard error of
the mean (n=10×3). Data were analyzed by two-way ANOVA test, followed by Tukey’s multiple comparison tests. *P≤ 0.05, significant; **P≤ 0.01, highly
significant; ***P≤ 0.001, very highly significant.

Fig. 7. Histopathologic changes in trachea of chickens infected with the viruses. A : Control. B: rIBYZ. C: rIBYZ-ScAUG3a. D: rIBYZ-ScAUG3b. E: rIBYZ-ScAUG3ab.
Black arrows indicate mucous epithelial cells desquamation. The empty triangles indicate hemorrhage. The black triangles indicate inflammatory cell infiltration.
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(Fig. 6). The viral loads of oral swabs were lower than those of cloacal
swabs. The changing tendency of oral swabs was similar to that of
cloacal swabs. Viral loads for all infected groups were high at 7 dpi,
then gradually declined until 26 dpi. The viral loads of rIBYZ were
considerably higher than those of recombinant viruses at 7 dpi and 14
dpi. Viral loads of rIBYZ-ScAUG3a were comparable to rIBYZ, higher
than rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab at 18 dpi. The viral loads of

rIBYZ-ScAUG3b in oral swabs were significantly lower than those of
rIBYZ at 22 dpi. In contrast, viral loads of recombinant viruses in
cloacal swabs were similar to rIBYZ at 22 dpi. No virus was detected in
control group at any time point.

Fig. 8. Histopathologic changes in lung of chickens infected with the viruses. A : Control. B: rIBYZ. C: rIBYZ-ScAUG3a. D: rIBYZ-ScAUG3b. E: rIBYZ-ScAUG3ab. The
empty triangles indicate hemorrhage and congestion in bronchial tubes. The black triangles indicate inflammatory cell infiltration.

Fig. 9. Histopathologic changes in kidney of
chickens infected with the viruses. A : Control.
B: rIBYZ. C: rIBYZ-ScAUG3a. D: rIBYZ-
ScAUG3b. E: rIBYZ-ScAUG3ab. The empty tri-
angles indicate hemorrhage and congestion.
The black triangles indicate inflammatory cell
infiltration. Black arrows indicate interstitial
dilation of the renal tubules.

Fig. 10. The mean lesion scores in the trachea, lung, and kidney at 5 dpi in chickens infected with the viruses. The error bars indicate standard deviations
(n=3×3). Data were analyzed by two-way ANOVA test, followed by Tukey’s multiple comparison tests. ***P≤ 0.001, very highly significant.
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3.6. Histopathology

Histopathological lesions in trachea, lung and kidney were con-
sistent with gross lesions. No pathological lesions were found in the
control group. Different levels of ciliated epithelial cells drop out, he-
morrhage, mucosal injury and inflammatory cellular infiltration were
detected in trachea samples of infected chickens. Obvious pathological
changes were found in samples from the rIBYZ and rIBYZ-ScAUG3a
groups (Fig. 7B and C). Mucous epithelial cells desquamation and slight
hemorrhage appeared in rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab groups
(Fig. 7D and E). Lung samples from the rIBYZ and rIBYZ-ScAUG3a
groups showed hemorrhage, congestion and lymphocyte infiltration in
bronchioles (Fig. 8B and C). Slight congestion was detected in lung
samples from the rIBYZ-ScAUG3b group (Fig. 8D). No apparent lesions
showed in the rIBYZ-ScAUG3ab group (Fig. 8E). In kidney, intense
multifocal nephritis with inflammatory cell infiltration, hemorrhage
and mesenchyme dilation were observed in chickens infected with
rIBYZ and rIBYZ-ScAUG3a (Fig. 9B and C). No visible lesions showed in
the rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab groups (Fig. 9D and E). The
mean lesion scores in the trachea, lung, and kidney at 5 dpi showed that
there was no significant difference between the rIBYZ-ScAUG3a group
and rIBYZ group. The lesions in rIBYZ-ScAUG3b and rIBYZ-ScAUG3ab
groups were significantly slighter than those of rIBYZ group, and the
differences were very highly significant (P≤ 0.001) (Fig. 10).

4. Discussion

Since the first isolation of IBV in 1972 in China, an increasing
number of variants and genotypes have appeared (Zhou et al., 2017).
Most of them are QX-like genotype, which was isolated in 1997 and
differs from other IBVs in genotype and serotype (Yan et al., 2017). It
becomes prevalent in recent years, the proportion of QX-like strains
increased from 11.7% to 70% in China in the last two decades (Zhao
et al., 2016). The QX-like IBV IBYZ strain used in this study was a
highly virulent strain, causing a mortality rate of 50–70% in chicken
flocks. The pathogenicity of IBYZ was demonstrated in this study.

To investigate the functions of IBV accessory proteins, many studies
developed reverse genetics system to manipulate the IBV genome. Most
methods are based either on a non-pathogenic strain Beaudette (Britton
et al., 2005; Casais et al., 2001), attenuated IBV vaccine strain H120
(Zhou et al., 2013) or on the cell-adapted strain (Fang et al., 2007).
Reverse genetics systems based on a more virulent H52 strain (van
Beurden et al., 2017) and a virulent YN strain (Zhao et al., 2019) were
also established. However, the correlation between accessory proteins
and pathogenicity in chickens has not been determined. We in-
dependently developed an reverse genetics system to manipulate the
genome of a virulent IBV strain. This facilitated the study of the po-
tential role of accessory proteins in the pathogenicity in chickens.

The growth kinetics of recombinant viruses were delayed at early
time points, but they were similar to that of the parental virus after
48 hpi. The results indicated that the viral replication in ovo was not
affected by the 3a or 3b proteins, which was consistent with the idea
that accessory proteins of IBV are not essential for replication in em-
bryonated chicken eggs (Hodgson et al., 2006; Shen et al., 2003). Ob-
vious clinical signs were observed in SPF chickens infected with rIBYZ
and rIBYZ-ScAUG3a, which had mortality rates of 63.33% and 56.67%,
confirming that IBYZ is a highly virulent strain. rIBYZ-ScAUG3b and
rIBYZ-ScAUG3ab showed an attenuated phenotype as no chickens died
and slight clinical manifestations were observed. Gross lesions and
histopathological changes in rIBYZ and rIBYZ-ScAUG3a strains were
comparable to a previous description of nephropathogenic IBV strains
(Ignjatovic et al., 2002).

QX-like IBVs mainly distributed in trachea, lung and kidney (Xu
et al., 2018). In viral distribution assays, viral copies in the kidney were
higher than the respiratory system, such as the trachea and lung, con-
firming that IBYZ is a nephropathogenic IBV strain. The viral loads of

rIBYZ-ScAUG3a were higher than those of rIBYZ at 3 dpi, indicating
that the absence of 3a protein induced a rapid appearance of IBV.
However, the absence of 3a protein lowed the viral loads after 5 dpi.
Moreover, few virus of rIBYZ-ScAUG3b and rIBY-ScAUG3ab was de-
tected during the experiment period, suggesting that the absence of 3b
protein lowered IBV replication rate in a great extent. The viruses
mainly shed via cloaca, since the viral loads were higher for cloacal
swabs than oral swabs. The recombinant viruses showed lower viral
loads than parental strain in swab specimens, confirming that the ab-
sence of proteins 3a or 3b lowered the viral quantities. The replication
of a virus in a host depends on the ability to delay or counteract the
type I IFN response (Samuel et al., 2001). IBV protein 3a participates in
resistance to type I IFN (Kint et al., 2015b), while protein 3b is involved
in inhibition of Ifnβ transcription (Kint et al., 2015a). These studies
explained why the genome copy numbers of recombinant viruses were
lower than those of the parental virus.

This study demonstrated that the accessory proteins 3a and 3b of a
virulent IBV strain were related to viral pathogenicity in chickens. The
3a protein absence resulted in lower mortality and viral loads than
parental virus. The clinical signs, gross lesions and histopathological
lesions of chickens infected with 3a absent virus were similar to those of
the parental virus. Nevertheless, the 3b protein absence induced a more
attenuated pathogenicity than 3a protein. The mortality in 3b or 3ab
protein absent groups was nil, and the viral loads were considerably
low. Chickens in the two groups showed slight clinical signs, gross le-
sions and histopathological changes. These were inagreement with re-
sults that deletions of accessory genes of IBV H52 strain led to an at-
tenuated phenotype (Laconi et al., 2018). Together, the absence of
accessory proteins 3a or 3b lead to attenuated pathogenicity in
chickens. The effect of protein 3b on pathogenicity was greater than
that of protein 3a. Further study may be needed to investigate the
protective effects of 3a or 3b protein absent virus against infection in
chickens. The mutant virus may be used as a live-attenuated vaccine in
future.

Declaration of Competing Interest

None to declare.

Acknowledgments

This study was supported by grants from the National Natural
Science Foundation of China (31572524, 31602091) and the National
Key Research and Development Program of China (2017YFD0500703).

References

Britton, P., Evans, S., Dove, B., Davies, M., Casais, R., Cavanagh, D., 2005. Generation of a
recombinant avian coronavirus infectious bronchitis virus using transient dominant
selection. J. Virol. Methods 123, 203–211.

Casais, R., Davies, M., Cavanagh, D., Britton, P., 2005. Gene 5 of the avian coronavirus
infectious bronchitis virus is not essential for replication. J. Virol. 79, 8065–8078.

Casais, R., Thiel, V., Siddell, S.G., Cavanagh, D., Britton, P., 2001. Reverse genetics system
for the avian coronavirus infectious bronchitis virus. J. Virol. 75, 12359–12369.

Cavanagh, D., 2007. Coronavirus avian infectious bronchitis virus. Vet. Rec. 38, 281–297.
Cook, J.K., JackWood, M., Jones, R.C., 2012. The long view: 40 years of infectious

bronchitis research. Avian Pathol. 41, 239–250.
Fang, S., Chen, B., Tay, F.P., Ng, B.S., Liu, D.X., 2007. An arginine-to-proline mutation in

a domain with undefined functions within the helicase protein (Nsp13) is lethal to the
coronavirus infectious bronchitis virus in cultured cells. Virology 358, 136–147.

Feng, J., Hu, Y., Ma, Z., Yu, Q., Zhao, J., Liu, X., Zhang, G., 2012. Virulent avian infectious
bronchitis virus, People’s Republic of China. Emerg. Infect. Dis. 18, 1994–2001.

Hodgson, T., Britton, P., Cavanagh, D., 2006. Neither the RNA nor the proteins of open
reading frames 3a and 3b of the Coronavirus infectious bronchitis virus are essential
for replication. J. Virol. 80, 296–305.

Hodgson, T., Casais, R., Dove, B., Britton, P., Cavanagh, D., 2004. Recombinant infectious
bronchitis coronavirus Beaudette with the spike protein gene of the pathogenic M41
strain remains attenuated but induces protective immunity. J. Virol. 78,
13804–13811.

Ignjatovic, J., Ashton, D.F., Reece, R., Scott, P., Hooper, P., 2002. Pathogenicity of
Australian strains of avian infectious bronchitis virus. J. Comp. Pathol. 126, 115–123.

X. Zhao, et al. Veterinary Microbiology 239 (2019) 108464

8

http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0005
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0010
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0010
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0015
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0015
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0020
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0025
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0025
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0030
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0030
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0030
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0035
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0035
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0040
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0040
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0040
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0045
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0050
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0050


Jackwood, M.W., 2012. Review of infectious bronchitis virus around the world. Avian
Dis. 56, 634–641.

Khataby, K., Kichou, F., Loutfi, C., Ennaji, M.M., 2016. Assessment of pathogenicity and
tissue distribution of infectious bronchitis virus strains (Italy 02 genotype) isolated
from moroccan broiler chickens. BMC Vet. Res. 12, 94–103.

Kint, J., Fernandez-Gutierrez, M., Maier, H.J., Britton, P., Langereis, M.A., Koumans, J.,
Wiegertjes, G.F., Forlenza, M., 2015a. Activation of the chicken type I interferon
response by infectious bronchitis coronavirus. J. Virol. 89, 1156–1167.

Kint, J., Dickhout, A., Kutter, J., Maier, H.J., Britton, P., Koumans, J., Pijlman, G.P., Fros,
J.J., Wiegertjes, G.F., Forlenza, M., 2015b. Infectious bronchitis coronavirus inhibits
STAT1 signaling and requires accessory proteins for resistance to Type I interferon
activity. J. Virol. 89, 12047–12057.

Kint, J., Langereis, M.A., Maier, H.J., Britton, P., van Kuppeveld, F.J., Koumans, J.,
Wiegertjes, G.F., Forlenza, M., 2016. Infectious bronchitis coronavirus limits inter-
feron production by inducing a host shutoff that requires accessory protein 5b. J.
Virol. 90, 7519–7528.

Laconi, A., van Beurden, S.J., Berends, A.J., Krämer-Kühl, A., Jansen, C.A., Spekreijse, D.,
Chénard, G., Philipp, H.C., Mundt, E., Rottier, P.J.M., Hélène Verheije, M., 2018.
Deletion of accessory genes 3a, 3b, 5a or 5b from avian coronavirus infectious
bronchitis virus induces an attenuated phenotype both in vitro and in vivo. J. Gen.
Virol. 99, 1381–1390.

Liu, X.L., Su, J.L., Zhao, J.X., Zhang, G.Z., 2009. Complete genome sequence analysis of a
predominant infectious bronchitis virus (IBV) strain in China. Virus Genes 38, 56–65.

Naqi, S., Gay, K., Patalla, P., Mondal, S., Liu, R., 2003. Establishment of persistent avian
infectious bronchitis virus infection in antibody-free and antibody-positive chickens.
Avian Dis. 47, 594–601.

Reddy, V.R., Theuns, S., Roukaerts, I.D., Zeller, M., Matthijnssens, J., Nauwynck, H.J.,
2015. Genetic characterization of the Belgian nephropathogenic infectious bronchitis
virus (NIBV) reference strain B1648. Viruses 7, 4488–4506.

Reed, L.J., Muench, H., 1938. A simple method of estimating fifty percent endpoints. Am.
J. Epidemiol. 27, 493–497.

Samuel, C.E., 2001. Antiviral actions of interferons. Clin. Microbiol. Rev. 14, 778–809.
Shen, S., Wen, Z.L., Liu, D.X., 2003. Emergence of a coronavirus infectious bronchitis

virus mutant with a truncated 3b gene: functional characterization of the 3b protein
in pathogenesis and replication. Virology 311, 16–27.

de Sjaak, Wit J.J., Cook, J.K., van der Heijden, H.M., 2011. Infectious bronchitis virus
variants: a review of the history, current situation and control measures. Avian
Pathol. 40, 225–235.

Thor, S.W., Hilt, D.A., Kissinger, J.C., Paterson, A.H., Jackwood, M.W., 2011.
Recombination in avian gamma-coronavirus infectious bronchitis virus. Viruses 3,
1777–1799.

van Beurden, S.J., Berends, A.J., Krämer-Kühl, A., Spekreijse, D., Chénard, G., Philipp,
H.C., Mundt, E., Rottier, P.J.M., Verheije, M.H., 2017. A reverse genetics system for
avian coronavirus infectious bronchitis virus based on targeted RNA recombination.
Virol. J. 14, 109.

van Beurden, S.J., Berends, A.J., Krämer-Kühl, A., Spekreijse, D., Chenard, G., Philipp,
H.C., Mundt, E., Rottier, P.J.M., Verheije, M.H., 2018. Recombinant live attenuated
avian coronavirus vaccines with deletions in the accessory genes 3ab and/or 5ab
protect against infectious bronchitis in chickens. Vaccine 36, 1085–1092.

Xu, G., Cheng, J., Ma, S., Jia, W., Yan, S., Zhang, G., 2018. Pathogenicity differences
between a newly emerged TW-like strain and a prevalent QX-like strain of infectious
bronchitis virus. Vet. Microbiol. 227, 20–28.

Yan, S., Liu, X., Zhao, J., Xu, G., Zhao, Y., Zhang, G., 2017. Analysis of antigenicity and
pathogenicity reveals major differences among QX-like infectious bronchitis viruses
and other serotypes. Vet. Microbiol. 203, 167–173.

Youn, S., Leibowitz, J.L., Collisson, E.W., 2005. In vitro assembled, recombinant in-
fectious bronchitis viruses demonstrate that the 5a open reading frame is not essential
for replication. Virology 332, 206–215.

Zhao, Y., Zhang, H., Zhao, J., Zhong, Q., Jin, J.H., Zhang, G.Z., 2016. Evolution of in-
fectious bronchitis virus in China over the past two decades. J. Gen. Virol. 97,
1566–1574.

Zhao, Y., Cheng, J., Yan, S., Jia, W., Zhang, K., Zhang, G., 2019. S gene and 5a accessory
gene are responsible for the attenuation of virulent infectious bronchitis coronavirus.
Virology 533, 12–20.

Zhong, Q., Hu, Y.X., Jin, J.H., Zhao, Y., Zhao, J., Zhang, G.Z., 2016. Pathogenicity of
virulent infectious bronchitis virus isolate YN on hen ovary and oviduct. Vet.
Microbiol. 193, 100–105.

Zhou, H., Zhang, M., Tian, X., Shao, H., Qian, K., Ye, J., Qin, A., 2017. Identification of a
novel recombinant virulent avian infectious bronchitis virus. Vet. Microbiol. 199,
120–127.

Zhou, S., Tang, M.J., Dai, Y.B., Liu, M., Zhao, B.H., Cheng, X., Lu, X.J., 2011. Expression
of green fluorescent protein using an infectious cDNA clone of infectious bronchitis
virus. Bing Du Xue Bao 27, 11–17.

Zhou, Y.S., Zhang, Y., Wang, H.N., Fan, W.Q., Yang, X., Zhang, A.Y., Zeng, F.Y., Zhang,
Z.K., Cao, H.P., Zeng, C., 2013. Establishment of reverse genetics system for in-
fectious bronchitis virus attenuated vaccine strain H120. Vet. Microbiol. 162, 53–61.

X. Zhao, et al. Veterinary Microbiology 239 (2019) 108464

9

http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0055
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0055
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0060
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0065
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0065
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0065
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0070
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0075
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0075
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0075
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0075
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0080
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0085
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0085
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0090
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0090
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0090
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0095
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0095
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0095
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0100
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0100
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0105
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0110
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0115
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0115
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0115
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0120
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0120
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0120
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0125
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0130
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0135
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0140
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0140
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0140
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0145
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0145
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0145
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0150
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0155
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0155
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0155
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0160
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0160
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0160
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0165
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0170
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0170
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0170
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0175
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0175
http://refhub.elsevier.com/S0378-1135(19)30990-3/sbref0175

	Pathogenicity of a QX-like strain of infectious bronchitis virus and effects of accessory proteins 3a and 3b in chickens
	Introduction
	Materials and methods
	Virus
	Generation of recombinant viruses
	RT-qPCR assay
	Growth kinetics of viruses
	Animals and ethics statement
	Pathogenicity experiments
	Clinical observations and sampling
	Histopathology
	Viral shedding

	Statistical analysis

	Results
	Growth kinetics
	Clinical manifestations
	Gross lesions
	Viral RNA detection in tissues
	Viral shedding
	Histopathology

	Discussion
	mk:H1_21
	Acknowledgments
	References




