Pathogenicity of a QX-like avian infectious bronchitis virus isolated in China
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ABSTRACT  Avian infectious bronchitis is a seri-
ous and highly contagious disease caused by infec-
tious bronchitis virus (IBV). We isolated a highly vir-
ulent IBV strain (CK/CH/JS/TAHY) from kidneys
of diseased chickens. Phylogenetic analysis based on
the S1 gene revealed that CK/CH/JS/TAHY clustered
with the QX-like type. The S1 gene has 1,620 nu-
cleotides and encoded a polypeptide of 540 amino acids
with typical coronavirus cleavage recognition sites of
HRRR. About 1-day-old specific pathogen-free White
Leghorn chickens inoculated with CK/CH/JS/TAHY
at 10> EIDj, exhibited clinical signs including cough-
ing, sneezing, nasal discharge, and tracheal vocaliza-
tion accompanied by depression with 84% mortality

and 100% morbidity. The kidneys of dead birds were
swollen and pale and exhibited severe urate deposition.
Histopathological examination revealed kidney hemor-
rhages, multifocal necrosis of the renal tubules and tra-
chea with cilia loss, sloughing of epithelial cells, and
edema of the lamina propria. IBV-specific antibodies
appeared at 10 D post-infection. Chickens vaccinated
with a CK/CH/JS/TAHY oil-emulsion vaccine showed
26.7% morbidity and 3% mortality indicating a pro-
tective effect. In conclusion, the IBV strain is a viru-
lent avian IBV and that exhibited severe pathogenic-
ity in chickens and is a vaccine candidate to prevent
infection by Chinese QX-like nephropathogenic IBV
strains.
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INTRODUCTION

Avian infectious bronchitis caused by the infectious
bronchitis virus (IBV) is a major and highly conta-
gious, acute disease with severe economic losses in the
global poultry industry (Cavanagh, 2005; Cavanagh,
2007). IBV is a member of the Gammacoronavirus
genus that contains an unsegmented, single-stranded,
positive-sense RNA genome of 27.6 kb. The genome
encodes four structural proteins: envelope (E), nucleo-
capsid (N), membrane glycoprotein (M), and the spike
glycoprotein (S) (Boursnell et al., 1987). The S pro-
tein is a multimeric coiled-coil protein that is post-
translationally cleaved into S1 and S2 subunits by
cellular proteases (Stern and Sefton, 1982; Cavanagh
et al., 1992). S1 contains virus-neutralizing epitopes
and is anchored to the viral membrane by the S2 sub-
unit and is necessary for attachment to host cells (Koch
et al., 1990). Genetic analysis of the S1 gene has been
widely used to differentiate between IBV genotypes and
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serotypes (Ignjatovic and Galli, 1994; Kingham et al.,
2000; Ladman et al., 2006; Cavanagh, 2007).

IBV replicates and survives in upper respiratory tract
(URT) epithelial cells causing typical URT symptoms
in chickens such as nasal discharge and rales. However,
its host range is not limited to the URT and the virus
can infect the proventriculus, kidney, gut, and oviduct.
This spread results in decreased fertility and egg pro-
duction as well as a decline in the overall health of lay-
ing chickens (Sjaak de Wit et al., 2011; Cook et al.,
2012; Jackwood, 2012). There are no effective drugs to
treat IBV infections and vaccination shows the most
promise for IBV control (Meeusen et al., 2007). The
live attenuated vaccines and inactivated oil-emulsion
vaccines derived from Massachusetts (Mass) serotype
strains such as H120 and H52 have been widely and
extensively used in China (Liu et al., 2006; Liu et al.,
2009a). However, vaccinated flocks develop new vari-
ant infectious strains due to the poor cross-protection
between different serotypes and genotypes (Li et al.,
2013).

The QX-like type IBV is a member of the LX4 group
and is one of the most important IBV genotypes glob-
ally. The QX-like IBV types have been the predomi-
nant IBV type in China since 1999 (Zhao et al., 2017;
Jiang et al., 2018). IBV isolates from southern China

© 2019 The Authors. Published by Elsevier on behalf of Poultry Science Association Inc.
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Table 1. Recovery of IBV strains CK/CH/JS/TAHY from chick-
ens infected when 1 D old.

Day post-infection

Group Viral shedding 3d 5d 7d 10d 14d
CK/CH/JS/TAHY Nasopharyngeal swabs 5/5 4/5 3/5 1/5 0/5
Cloacal swabs 4/5 5/5 3/5 3/5 3/5
Control Nasopharyngeal swabs 0/5 0/5 0/5 0/5 0/5
Cloacal swabs 0/5 0/5 0/5 0/5 0/5

Number of chickens yielding virus/number of chickens tested.

between 2009 and 2012 were mostly clustered in the
group of QX-like strains (Li et al., 2013) and 50 to
70% of Chinese IBV isolates during this period were of
the QX-like type (Liu et al., 2009b; Han et al., 2011;
Ji et al., 2011). In the present study, an IBV strain
CK/CH/JS/TAHY belonging to the QX-like type was
isolated from the kidneys of a broiler chicken in 2017
in Jiangsu province, China. We characterized the ge-
netic organization, pathogenicity and antigenicity of
this strain to provide information for vaccine devel-
opment to prevent and reduce the spread of IBV in
poultry.

METHODS AND MATERIALS

Ethics Statement

Our study was approved by Animal Care and Use
Committee of Guangdong Province, China. All animal
procedures were performed according to guidelines de-
veloped by the China Council on Animal Care and pro-
tocols approved by Animal Care and Use Committee of
Guangdong, Province, China.

Virus Propagation

The IBV CK/CH/JS/TAHY strain was isolated
from the kidneys of broiler chicken in 2017 on
a farm in Taizhou City, Jiangsu province, China.
The stock virus was propagated by passage through
the allantoic cavities of 9-day-old specific pathogen-
free (SPF) chicken embryos (Guangdong Wens
Dahuanong Biotechnology, Guangdong, China) incu-
bated at 37°C. Allantoic fluids were harvested at
48 h post-inoculation. The presence of IBV was iden-
tified and verified by reverse transcription-polymerase
chain reaction (RT-PCR) specific for the IBV M
gene and 3'UTR as previously designed (M gene
5-CCTAAGAACGGTTGGAAT-3, 5-TACTCTACA
CACACAC-3,3UTR 5-GGAAGATAGGCATGTAGC
TT-3, 5'-CTAACTCTATACTAGCCTAT -3,).

RNA, DNA, and PCR Manipulations

PCR primers for amplifying the entire S1 gene
were designed wusing Primer Premier 5.0 soft-
ware (Version 5.0, Premier Biosoft, Palo Alto,
CA, USA) and the NCBI reference genome. The
primers  5-AAGACTGAACAAAAGACCGACCT-3,

5-CAAAACCTGCCATAACTAACATA-3 were syn-
thesized by Sangon Biotechnology (Shanghai, China).
Viral RNA was extracted from IBV-infected allantoic
fluid using Trizol reagent (Takara, Dalian, China)
according to the manufacturer’s instructions. The S1
gene was amplified using the PrimeScript One Step
RT-PCR Kit Ver. 2 (Takara) in a 50 pL reaction vol-
ume containing 2 pLi of PrimeScript One Step Enzyme
Mix, 25 nL of 2 x one step buffer, 2 pL of extracted
viral RNA and 1 pL of each primer (0.4 pM). The PCR
conditions were as follows: 50°C for 30 min and then
94°C for 3 min, followed by 32 cycles at 94°C for 30 s,
52.5°C for 30 s, 72°C for 2 min, and a final extension
at 72°C for 10 min. The products were detected by
electrophoresis on a 1.0% agarose gel and then observed
using an ultraviolet transilluminator. PCR amplicons
were purified from agarose gels using an AxyPrep DNA
Gel Extraction Kit (Axygen, Union City, CA, USA)
according to the manufacturer’s instructions. Purified
PCR products were inserted into vector pMD18-T
(Takara) and transformed into DH5« Escherichia coli
competent cells and plasmid inserts were sequenced as
described above.

Nucleotide sequences were aligned using the Editseq
program in the Lasergene package and analyzed for ho-
mology with reference IBV sequences using MegAlign
(Dnastar, Madison, WI, USA). Phylogenetic trees were
constructed using MEGA (Version 7) with neighbor-
joining method with 1,000 bootstrap replicates (https:
//www.megasoftware.net). The sequence of this IBV
isolate was deposited in GenBank with the accession
number MK061428.

Pathogenicity Assays in SPF Chickens

Specific pathogen-free 1-day-old White Leghorn
chickens were randomly divided into 2 groups of 25
birds each. One group of birds was inoculated with ster-
ile PBS (negative controls). The second group was in-
fected with IBV strain CK/CH/JS/TAHY intranasally
and via the eye drop inoculation route using 200 pL of
inoculum containing 10> EIDs of virus. All birds were
observed twice daily for clinical signs including tracheal
rales, nasal discharge, coughing, eye irritation, and wa-
tery diarrhea. Morbidity and mortality were recorded
daily.

Four chickens from each group were euthanized at
3, 7, 10, and 14 D post-infection (dpi) and their kid-
neys, lungs, and trachea were processed for histopatho-
logic examination and blood samples were collected for
serology. Some birds died between the intervals and tis-
sue samples these were also collected for histopathologic
examination. Virus recovery from chickens was via na-
sopharyngeal and cloacal swabs that were placed into
separate tubes containing 0.6 mL PBS containing 2000
U/mL penicillin G, 200 g/mL gentamicin sulfate, and
4 g/mL amphotericin B (Sigma-Aldrich, St Louis, MO,
USA) and stored at —70°C until virus recovery. Tis-
sue samples were fixed in 10% formalin for 48 h at
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Figure 1. Phylogenetic tree based on the S1 nucleotide sequences from the ATG start codon to the cleavage site of the spike protein. Phylogeny
of CK/CH/JS/TAHY was tested with 52 IBV reference strains representing eight genotypes. The bar represents a genetic distance of 0.05. The
IBV strains used in this study are indicated as red triangles in bold.
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Figure 2. Gross lesions in kidney and trachea from dead chick-
ens. (A) Swollen and pale kidney after challenging with strain
CK/CH/JS/TAHY. (B) Negative control kidney. (C) Trachea illus-
trating hyperemia and serious catarrhal exudates after challenge with
strain CK/CH/JS/TAHY. (D) Control trachea. Inset shows trachea’s
mucosal surface.

room temperature and processed for haematoxylin and
eosin (HE) staining. Serum samples were tested for the
presence of IBV-specific antibodies using a commercial
ELISA kit (Idexx, Westbrook, ME, USA).

Inactivated IBV Vaccine and Testing

Virus strain CK/CH/JS/TAHY that was propagated
in allantoic cavities (see above) was used for vaccine
production and challenge. Viral stocks were inacti-
vated with the addition of formaldehyde to 0.2%. The
formaldehyde inactivated antigen solution was emulsi-
fied with oil adjuvant at a ratio of 25:75 (w/w). Chick-
ens were immunized with the oil-emulsion vaccine using
10°° EIDj5 in 0.2 mL per chicken. Vaccination and chal-
lenge studies used 7-day-old SPF chickens in 3 groups
of 30 birds each. Group 1 was vaccinated with 200 uL
IBV CK/CH/JS/TAHY oil-emulsion vaccine contain-
ing 10°° EIDjs, antigens per chicken intramuscularly.
Group 2 was inoculated with sterile PBS and used as
infection control that was unvaccinated but challenged.
Group 3 was inoculated with sterile PBS and used
as negative controls (unvaccinated and unchallenged).
Booster vaccinations were carried out at 14 dpi and af-

ter 3 wk birds in groups 1 and 2 were challenged with
0.2 mL IBV CK/CH/JS/TAHY containing 10°>° EIDs,
virus as described above. All birds were observed twice
daily for clinical signs as described above. Serum sam-
ples were obtained at 10 time points: 0, 7, and 14 D
after the first immunization and 7, 14, and 21 D af-
ter the second immunization and 5, 10, 14, and 21 D
after challenge. Serum was tested for the presence of
IBV-specific antibodies as described above.

Statistical Analysis

SPSS 19.00 software (SPSS, Chicago, IL, USA) was
used to analyze the result of antibody response. Result
was represented as the means + standard error of mean.
Statistically significant differences were analyzed by
one-way analysis of variance followed by Duncan’s post
hoc test. Statistical significance was set as P < 0.05.

RESULTS

Phylogenetic Analysis of S1 Gene

We cloned and sequenced the S1 gene of IBV iso-
late CK/CH/JS/TAHY that was 1,620 nucleotides
in length with a predicted open reading frame en-
coding 540 amino acids (GenBank accession number:
MKO061428). The predicted cleavage recognition sites
were HRRRR. A phylogenetic tree using the S1 se-
quence displayed 8 distinct genetic groups. The isolate
CK/CH/JS/TAHY was a member of the QX-like group
with nucleotide sequence identities of 94.6 to 98.6%
with other members of this group. The Mass genotype
is evolutionarily distant from the QX-like genotypes
and CK/CH/JS/TAHY had only low levels of homol-
ogy with the conventional vaccine strains H120 and H52
at 77.7 and 77.8% nucleotide and 76.4 and 76.5% amino
acid identity, respectively (Figure 1).

Pathogenicity

All chickens inoculated with the virus isolate
CK/CH/JS/TAHY at 10°° EIDs, exhibited respiratory
signs 1-3 D after inoculation. These included coughing,
sneezing, nasal discharge, and tracheal vocalization ac-
companied by depression and watery diarrhea. A to-
tal of 3 chickens died 5 D post-inoculation and more
chickens died continuously thereafter with a mortality
rate of 84% and morbidity rate of 100%. Necropsies
showed kidneys that were pale, mottled, and swollen
with renal tubules and ureters that were distended
with excess urate (Figure 2A). Lesions were completely
absent in the negative control group (Figure 2B). In
addition, slight hemorrhaging with serous catarrhal ex-
udates were observed in the tracheas of infected chick-
ens (Figure 2C) and control chickens did not show this
pathology (Figure 2D).

The most characteristic histological lesions in the
kidney were hemorrhages, multifocal necrosis of the
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Figure 3. Histopathologic analysis of tissues from 1-day-old chickens infected with infectious bronchitis virus CK/CH/JS/TAHY strain. (A)
Kidney tissues with severe renal lesions including hemorrhages, degeneration, multifocal necrosis of the renal tubules and inflammatory cell
infiltration. Solid arrows indicate degeneration and inflammatory cell infiltration. (C) Trachea tissues illustrating loss of cilia, sloughing of
epithelial cells, and edema of lamina propria. Solid arrows indicate sloughing of epithelial. (E) Lung tissues with hemorrhages, congestion, and
lymphocytic infiltration in the alveolar lumen. Solid arrows indicate hemorrhages and congestion. Panels (B), (D), and (F) correspond to negative

control tissues. Hematoxylin and eosin staining.
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Figure 4. Antibody response of chickens after infection with strain
CK/CH/JS/TAHY. The error bars indicate means + standard error
of mean. Asterisks (*) mark the days in which the antibody titers were
significantly different between inoculated with CK/CH/JS/TAHY and
negative control groups (P < 0.05).

renal tubules, and infiltration of inflammatory cells
(Figure 3A). Histopathological examination revealed
that the tracheas had lost cilia and showed sloughing
of epithelial cells as well as edema of the lamina pro-
pria (Figure 3C). Lung lesions included hemorrhages,
congestion, and lymphocytic infiltration in the alveo-
lar lumen (Figure 3E). No lesions were observed in the
corresponding tissues of chickens in the control groups
(Figures 3B, 3D, and 3F).

Viral shedding from the respiratory and digestive
tracts of infected chickens was determined by virus re-
covery from nasopharyngeal and cloacal swabs. Virus
was recovered from the nasopharyngeal swabs of all
birds at 3 dpi but this number declined by 14 dpi. Based
on the cloacal swabs, viral shedding from birds lasted
until 14 dpi (Table 1). Antibody responses in birds that
survived infection were measured at 5 different times
post-infection. IBV-specific antibodies appeared at
10 dpi and the levels had increased by 14 dpi. Differ-
ences between inoculated and negative control groups
were statistically significant (P < 0.05) at 7, 10, and
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Figure 5. Survival curves in vaccinated SPF chickens following challenge with IBV CK/CH/JS/TAHY strain.
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Figure 6. Antibody response of chickens after immunization with
CK/CH/JS/TAHY oil-emulsion vaccine. The primary immunization
was carried out at 7 D of age (0 D post-primary immunization). The
second immunization was carried out at 14 D post-primary immuniza-
tion. The third immunization was carried out 3 wk after the second
immunization challenge (35 D post-primary immunization). The error
bars indicate means + standard error of mean. Asterisks (*) mark the
days in which the antibody titers were significantly different between
inoculated with CK/CH/JS/TAHY inactivated vaccine and infection
control groups (P < 0.05).

14 dpi. The negative control group was negative for the
presence of IBV-specific Abs (Figure 4).

Vaccination Test and Challenge Protection

Chickens vaccinated with CK/CH/JS/TAHY oil-
emulsion vaccine showed 73.3% protection with 26.7%
(8/30) morbidity and 3% (1/30) mortality. The unvac-
cinated but challenged group showed 100% morbidity
and 80% mortality with typical IBV clinical signs as
described above. No clinical signs were observed in the

animals from the negative control group (Figure 5). Af-
ter vaccination with the inactivated CK/CH/JS/TAHY

strain, antibody titers rose slowly after the primary
immunization and kept increasing during the observa-
tion period after the second immunization. At day 5
post-challenge, the antibody titers declined and were
maximal at 10 D post-challenge and began to decrease
at 21 D post-challenge. Differences between inoculated
with CK/CH/JS/TAHY inactivated vaccine and infec-
tion control groups were statistically significant (P <
0.05) at 7, 14, 21, 28, 35, 40, 45, 49, and 56 D post-
primary immunization (Figure 6).

DISCUSSION

IBV infection leads to severe economic losses in the
poultry industry due to the condemnation of infected
chickens. Vaccines are an effective measure to control
IBV and in China, commercial vaccines are derived
from Mass serotype strains including H120, H52, Ma5,
W93, and M41. The H120 vaccines are the most fre-
quently used on chicken farms. However, immune fail-
ure still occurs in China (Han et al., 2011; Ji et al.,
2011; Li et al., 2013).

In this study, a CK/CH/JS/TAHY strain was
isolated from a vaccinated chicken flock. Geno-
typing results based on the S1 gene sequence of
CK/CH/JS/TAHY strain indicated that the strain be-
longed to the QX-like type. There are currently 8 IBV
genotypes circulating in China. The predominant geno-
type is a QX-like IBV that has spread widely in Asia,
Europe, Africa, and the Middle East (Liu and Kong,
2004; Cook et al., 2012; Knoetze et al., 2014; Shokri
et al., 2018). Interestingly, the QX-like IBV strains
have undergone divergent evolutionary paths resulting
in different variants in Europe and China (Worthing-
ton et al., 2008; Zhao et al., 2017). To date, several
QX-like vaccine candidates were reported recently in
China but there is no official approval for their use
(Zhao et al., 2015; Huo et al., 2016; Xia et al., 2018;
Yan et al., 2018). Therefore, there is a shortage of a
vaccine against endemic strains of IBV in China and
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IBV infections remain a problem in the Chinese poultry
industry.

In the current study, the chickens inoculated with
CK/CH/JS/TAHY oil-emulsion vaccine showed 26.7%
(8/30) morbidity and 3% (1/30) mortality. An atten-
uated vaccine (Sczy3C100 attenuated) produced via
passage in chicken embryo kidney (CEK) cells 100
times was reported to reduce the morbidity, mortal-
ity, mean lesion scores when challenged by QX-like
type virus (Xia et al., 2018). Other candidate vac-
cine strains were prepared wvia attenuation in embry-
onated eggs were also reported. These also efficiently
prevent infection of Chinese QX-like nephropathogenic
IBV (Zhao et al., 2015; Huo et al., 2016; Yan et al.,
2018). Since the phylogenetic and antigenic features of
IBV types vary with time and region, those candidate
vaccines should be carefully examined before their field
application.

Clinical signs, gross pathologic lesions, histopatho-
logical changes, and tissue tropism were used to eval-
uate the pathogenicity of IBV. In this study, our
analyses revealed that the CK/CH/JS/TAHY strain
induced severe pathogenicity in 1-day-old SPF chick-
ens with severe kidney and tracheal lesions. Our results
confirmed the ability of CK/CH/JS/TAHY strain to
induce both respiratory and renal disease which was
consistent with QX-like characteristic symptoms (Zou
et al., 2010; Bande et al., 2017). As reported, IBV
replicated in many respiratory tissues such as trachea,
lungs, and air sacs and some urogenital tissues includ-
ing kidney and even in liver and brain (Cavanagh, 2003;
Feng et al., 2012). In our study, the CK/CH/JS/TAHY
strain was detected in the trachea, lung, and kidney by
RT-PCR (data not shown).

The European QX-like IBV strains have been re-
ported that to cause respiratory signs in 86% of in-
fected animals, litter or enteric problems in 22% but
only 2% had swollen kidneys (Worthington et al., 2008).
The QX-like IBV strains that were recently isolated in
China caused 10 to 50% mortality in infected chick-
ens (Liu et al., 2009a; Shi et al., 2011; Sun et al.,
2011; Feng et al., 2015). Other predominant strains in
China include YN belonging to the CK/CH/LSC/991
group (Feng et al., 2012) and the tl/CH/LDT3/03
strain belonging to the tl/CH/LDT3/03 group (Han
et al., 2016). These caused 65 and 70% mortality
in chickens, respectively. In the present study, the
CK/CH/JS/TAHY strain induced severe pathogenic-
ity in 1-day-old SPF chickens with 84% mortal-
ity and 100% morbidity. This result indicated that
CK/CH/JS/TAHY is a virulent avian IBV and highly
pathogenic in chickens. A more detailed biologic and
molecular analysis is needed for CK/CH/JS/TAHY to
determine the reason for this high level of virulence.

In conclusion, the CK/CH/JS/TAHY strain is a vir-
ulent avian IBV that exhibited severe pathogenicity in
chickens. This strain is a potential vaccine candidate to
prevent infection by Chinese QX-like nephropathogenic
IBV strains.
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