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Summary. - Avian infectious bronchitis (IB) is a major cause of economic loss to the poultry industry. IB
virus primarily affects respiratory tract, but strains differ in their tropism for such other target organs as kid-
neys and alimentary tract. The objective of this study was to estimate the pathogenicity of an Iranian IB virus
(IBV) variant (variant-2) which is one of the most prevalent isolates circulating in Iranian poultry farms. SPF
chickens were intranasally inoculated with 10* EID, /0.1 ml of the virus. Sera, fecal swabs, and different tissue
samples were collected on different days post infection. Clinical signs, gross pathology, and histological changes
were recorded. The amount of virus genome was quantified in different tissues and feces using quantitative
real-time PCR assay. The highest viral loads were detected in the feces and cecal tonsils. Real-time PCR results
demonstrated variant-2 tropism for respiratory tract, digestive system and renal tissue that is due to its epithe-
liotropic nature. This is the first pathogenicity study of Iranian variant-2 virus. Based on histology observations
and clinical signs this isolate was classified as a nephropathogenic IBV. Further knowledge of IBV pathogenesis

permits to perform more effective prevention practice.
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Introduction

Avian infectious bronchitis (IB) is an acute and highly
contagious disease of chickens. The etiologic agent, IB virus
(IBV), belongs to the genus Gammacoronavirus within the
Coronaviridae family. The name of the disease refers to its
most frequent clinical manifestation, although it can infect
many other epithelial cells, including the kidney, genital or-
gans and many parts of the alimentary tract (Jackwood and
De Wit, 2013). The disease is characterized by respiratory
signs including gasping, coughing, sneezing, tracheal rales
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Abbreviations: IB = infectious bronchitis; IBV = IB virus; p.i. = post
inoculation; EID, | = embryo infective dose

and nasal discharge. The virus causes decilliation and desq-
uamation of the tracheal epithelium. Some strains of the virus
cause severe kidney damage, urolithiasis and may be associ-
ated with high mortality (Liu et al., 2008). Outbreaks of the
disease can occur even in vaccinated flocks because there is
slight or no cross-protection among serotypes (Mohammed
et al., 2012). The first isolation of IBV from Iranian chicken
flocks was reported in 1994. Until recently, Massachusetts
(Mass) and 793/B were the only IBV genotypes identified
in Iran. New IBV genotypes including IS720, variant-2, QX,
IR-I, and IR-IT were detected in a molecular surveillance per-
formed during 2010-2014 (Hosseini et al., 2015). Najafi et al.
(2015) isolated and characterized variant-2, QX, IS720, IR-I,
793/B, and Mass genotypes from tissue samples collected
from Iranian broiler farms between the years 2014-2015.
There is no information about the pathogenic aspects of these
new variants. Regarding the high prevalence of variant-2
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IBV in Iran, the present study was conducted to evaluate its
pathogenicity and tissue tropism in experimentally 2-week-
old infected SPF chickens.

Materials and Methods

Strain history and virus titration. Tissue samples of the trachea
and kidney were collected from broilers showing clinical signs
suspected to be related to IB. Samples were taken from vaccinated
flocks of eight provinces of Iran. For virus isolation, homogenized
samples were inoculated into the allantoic cavity of 9-11-day-old
SPF embryonated eggs. Primary diagnosis of IBV was done us-
ing a PCR assay with the target of 5-UTR part of IBV genome.
For genotyping, positive samples were submitted to a nested
PCR reaction amplifying the S1 gene. Based on genotyping and
molecular epidemiology results, the variant-2 virus was identified
as a dominant isolate with the prevalence rate of 33.8% (40 from
the total number of 118). From these forty, variant-2 isolates, one
was selected at the fifth egg passage level. It was shown to be free
from contamination by other important avian pathogens (virus,
bacteria and mycoplasma) using different PCR assays. EID, was
calculated by Reed-Muench method and the isolate was used in
the experimental pathogenicity study.

Experimental design. 49 SPF one-day old chicks were randomly
divided into two groups consisting of 35 chicks in the experi-
mental and 14 in the control group. Each group was housed in
a different isolator. At age of 14 days, birds in the experimental
group were intranasally challenged with the allantoic fluid of
variant-2 virus containing 10* EID, /0.1 ml of the virus. On days
1, 3, 5, 7, 14, 21, and 28 post inoculation (p.i.), five chickens
from experimental group and two chickens from control group
were randomly selected, used for sample collection. Sera of birds
were collected for ELISA. Gross lesions were recorded, and their
trachea, lung, spleen, kidneys, proventriculus, cecal tonsils and
cloacal swabs were aseptically collected for virus quantification
using real time PCR assay.

Detection of anti-IBV antibodies. IBV antibody test kit, (poly-
clonal kit) ProFLOK IBV ELISA kit (Synbiotics, USA) was used
for the detection of specific IBV antibodies in the serum samples
according to manufacturer's instructions.

RNA Extraction and cDNA synthesis. RNA was extracted from
tissue samples using Cinna Pure RNA kit (Sinaclone, Iran) following
manufacturers' instructions. cDNA was generated using RevertAid
first strand cDNA synthesis kit (Thermo Scientific).

Real-Time PCR assay. Real-time PCR assay, in order to am-
plify a conserved sequence within the 5'-untranslated region
(UTR) of the IBV genome and 28S ribosomal RNA (rRNA) as
a reference gene, was used. A downstream primer (IBV5'GU391
5'-GCTTTTGAGCCTAGCGTT-3") located at nucleotide position
391-408 of the IBV M41 strain genome sequence; an upstream
primer (IBV5'GL533 5'-GCCATGTTGTCACTGTCTATTG-3")
located at nucleotide position 512-533 of the IBV M41 strain ge-

nome sequence and a Tagman® dual-labeled probe (IBV5'G probe
5'-FAMCACCACCAGAACCTGTCACCTC-BHQI-3") located at
nucleotide position 473-494 were designed to amplify a 143 bp
fragment of 5-UTR (Callison et al., 2006). For 28S rRNA gene,
forward primer (28S F 5'-GGCGAAGCCAGAGGAAACT-3"),
reverse primer (28S R 5'-GACGACCGATTTGCACGTC-3") and
probe (FAM-AGGACCGCTACGGACCTCCACCATAMRA)
were used to amplify a 61 bp fragment (Rothwell et al., 2004). PCR
products for 5-UTR and 28S rRNA were ligated into pTG19-T
vector and transformed to Escherichia coli TOP10 competent
cells. Plasmids were extracted by MBST Plasmid isolation kit
minipreparation (MBST, Iran). Plasmid concentrations were de-
termined by spectrophotometry (picodrop) and serial dilutions
were performed to give a final concentrations between 10*and 10°
(5'-UTR) or 10% and 10° (28S rRNA) copies. The 20 pl real-time
PCR reaction contained 2 pl of 10x PCR Buffer (Sinaclon), 1 ul
of ANTP mix (Sinaclon), 0.8 ul MgCl, (50 mmol/l; Sinaclon), 0.2
ul of CinnaGen Taq DNA polymerase (Sinaclon), 5 ul of template
cDNA, primers to a final concentration of 0.1 pmol/l and probe
to a final concentration of 0.1 umol/l. The reaction was carried
out in a QIAGEN Rotor-Gene Q (Corbett Rotor Gene 6000). PCR
cycling parameters were 95°C for 2 min, then 40 cycles of 95°C
for 15 sec and 60°C for 1 min.

Histopathological examination. Specimens from the trachea,
lung, and kidney were placed in 10% buffered formalin, sectioned,
stained with haematoxylin and eosin, and evaluated for histologi-
cal lesions.

Results
Clinical sings, gross lesion and mortality

Clinical disease was visible from day 5 p.i. with the high-
est severity on 14 day p.i. At day 5 p.i., chickens showed
depression, ruftled feathers, nasal discharge and coughing.
Mild watery diarrhea was noted in some chicks from day
7. Chickens in infected group showed small amount of
catarrhal exudate in the trachea with slight mucosal hyper-
aemia between day 3 to 7 p.i. From day 5 to 14 p.i.,, kidneys
from almost all infected birds were moderately enlarged and
swollen. No clinical signs and gross lesions were observed
in control group of chickens. No mortality occurred during
experiment.

Serological results

The serum from chickens of infected and control groups
were tested for IBV antibody levels. In the infected group,
serum was negative during days 1, 3, 5, 7, and 14 p.i.,, but
they gave positive results 21 and 28 days p.i. with the titers
of 437 and 554, respectively. Sera from control group were
negative.
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Viral relative load obtained in a quantitative real-time PCR assay on days 1, 3, 5, 7, 14, and 21 p.i. from different tissue samples and the feces of

SPF chicks infected with Iranian variant-2 infectious bronchitis virus isolate

Fig. 2

Microscopic changes of the kidney tissue samples at days 1 (a), 3 (b), 5 (c), 7 (d), 14 (e), and 21 (f) p.i. in the SPF chicks infected with Iranian

variant-2 infectious bronchitis virus isolate

(a) focal mononuclear cell infiltration in the interstitium; (b) hyperemia, necrosis of tubular epithelium, infiltration of eosinophils in ureters and casts in
tubules; (c) hyperemia, vacuolation and necrosis of tubular epithelium, lymphoplasmacytic nodules formation in the interstitium; (d) and (e) lympho-
plasmacytic nodules in the interstitium; (f) focal infiltration of mononuclear cells and haemorrhage.
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Real-time PCR results

The highest viral amount could be measured at day 3 p.i. in
the feces and cecal tonsils. In the kidney and proventriculus
the loads culminated at day 3 p.i., while in the trachea, lung
and spleen the virus reached the highest load on day 5 p.i.
Viral loads detected in the feces and cecal tonsils were the
highest, the preventriculus, trachea, spleen, kidney and lung
followed, respectively. The virus persisted until the last day
of experiment in all tissues and feces (Fig. 1).

Histopathological findings

Microscopical lesions were observed in the kidneys from
day 1 p.i. including focal mononuclear cell infiltration in the
interstitium. Hyperemia, necrosis of tubular epithelium, infil-
tration of eosinophils in the ureters and casts in tubules were
observed from day 3 p.i. Main lesions in the kidney introduc-
ing interstitial nephritis including vacuolation and necrosis of
tubular epithelium occurred on day 5 p.i. Lymphoplasmacytic
nodules in the interstitium appeared at day 5 and lasted until
day 14. From day 14 to 21 p.i. renal interstitial hemorrhage
and slight lymphocytic infiltrates were recorded (Fig. 2). In
the tracheas, loss of cilia, epithelial degeneration and slight

infiltration of inflammatory cells in lamina propria were found
at day 5 p.i., progressing to severe mononuclear infiltration
on day 7. From day 14 p.i., mild mononuclear infiltration in
lamina propria was recorded (Fig. 3). In the lungs, hyperemia,
mild mononuclear infiltration in parenchyma and desquama-
tion of bronchial epithelium were observed on day 5 p.i., and
lymphoid nodules in bronchial wall, emphysema and mono-
nuclear cell infiltration were noted on day 7. Hyperemia and
mild infiltrations of inflammatory cells were the only lesions
found on days 14 and 21 p.i. (Fig. 4).

Discussion

Avian infectious bronchitis caused by the infectious bronchi-
tis virus, is an acute and highly contagious disease of chickens
(Jackwood and De Wit, 2013). Since the respiratory form of IB
was first reported in the 1930s nephropathogenic (Albassam
et al., 1986; Jackwood and De Wit, 2013) and enterotropic
(Ambali and Jones, 1990) IBV strains, some with the affinity
for the reproductive tract, have been reported (Jackwood and
De Wit, 2013). In September 1996, an outbreak of disease,
characterized mainly by swelling of the stomach, occurred in
chicken flocks in Qingdao, China, designated QX IBV (Yu-

Fig. 3

Microscopic changes of the trachea tissue samples at days 1 (a), 3 (b), 5 (c), 7 (d), 14 (e), and 21 (f) p.i. in the SPF chicks infected with Iranian
variant-2 infectious bronchitis virus isolate
(a) normal; (b) normal; (c) loss of cilia, epithelial degeneration, slight infiltration of inflammatory cells in lamina propria; (d) epithelial cell necrosis and
severe mononuclear cell infiltration in lamina propria (e) slight mononuclear cell infiltration in lamina propria; (f) oedema and slight mononuclear cell

infiltrate.
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Fig. 4

Microscopic changes of the lung tissue samples at days 1 (a), 3 (b), 5 (c), 7 (d), 14 (e), and 21 (f) p.i. in the SPF chicks infected with Iranian
variant-2 infectious bronchitis virus isolate
(a) and (b) bronchial hyperemia; (c) hyperemia, mild infiltration of mononuclear cells in parenchyma and desquamation of bronchial epithelium; (d)
lymphoid aggregation in bronchial wall, mononuclear cell infiltration and emphysema; (e) mononuclear cell infiltration in interstitium and bronchial

wall, (f) hyperemia and mild infiltration of inflammatory cells.

dong et al., 1998). The first outbreak of IBV in Iranian chicken
flocks was reported in 1994. Outbreaks of 793/B serotype were
subsequently reported by several researchers (Hashemzadeh
et al., 2013; Seyfi Abad Shapouri et al., 2004; Shoushtari et al.,
2008). In an epidemiology study of IBV between the years
2010-2014, seven distinct genotypes of Mass, 793/B, 15720,
variant-2, QX, IR-I, and IR-II were identified (Hosseini et al.,
2015). In years 2014-2015 genotypes variant-2, 4/91, IS/720,
QX, IR-1 and Mass were isolated from broiler farms (Najafi et
al., 2015). It was suggested in an experimental histological study
that 793/B may be a nephropathogenic virus (Mahdavi et al.,
2007; Boroomand et al., 2012). There is no information on the
pathogenic traits of Iranian IBV genotypes. The present study
was conducted to determine the pathogenesis, tissue tropism
and pathological changes due to a variant-2 virus. According
to our results, the highest viral amount was detected in the
faces, cecal tonsils and proventriculus on day 3 p.i. This find-
ing may reflect the high viral affinity for the enteric tract, but it
doesn't necessarily indicate its pathogenicity for the intestinal
tract. Dolz et al. (2012), in a pathogenicity study of an Italy 02
serotype (which caused renal disease in young chicks) detected
higher viral antigen rather in nasal turbinate than in kidneys. In
a pathogenicity study of QX-like strains, higher viral loads were

isolated in the trachea rather than in ovary and kidney (Benyeda
et al., 2009). The high IB viral load in intestinal tract has been
previously observed. IBV is shed via both the respiratory tract
and the feces, and can persist in the birds and the intestinal
tract for several weeks or months (De Wit et al., 2011). Lucio
and Fabricant (1990) determined the tropism of three cloacal
isolates and Massachusetts strain of IBV. Two cloacal isolates
and M-41 were more frequently recovered from the cecal tonsils
than from other tissues. Results confirmed that IBV, including
M-41, can infect a variety of tissues and that some isolates may
be recovered frequently from digestive tract tissues, particularly
from the cecal tonsils (Lucio and Fabricant, 1990).

Massive replication of Italy 02 serotype (which was able
to cause gross and microscopic lesions in kidney of 1 day old
chicks) in enterocytes of cecal tonsil and rectum was observed
(Dolz et al., 2012). In these locations, virus-specific staining
was demonstrated as early as day 3 p.i. up to 24 days p.i.
Benyeda et al. (2009) reported that the loads of QX-like strain
culminated 7 days p.i. in the ileum and cecal tonsil and the
virus was detectable in the cecal tonsil until 35 days p.i. In the
group infected with M41, the highest load could be measured
in the trachea and cecal tonsil. Chong and Apostolov (1982)
in a study of pathogenesis of nephritis in chicks infected
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with Australian T strain of IBV noted there was no evidence
of virus replication in the cecal tonsil and bursa of Fabricius
but virus was readily recovered from the kidneys as well as
feces of birds with acute and chronic nephritis (Chong and
Apostolov, 1982). While the SAIBK nephropathogenic strain,
H120 and M41 were detected for more than 28 days in the
proventriculus (Fan et al., 2012). As our results show, the virus
was detected in all tissues during all sampling days. Because
of the epitheliotropic nature of virus, IBV with any kind of
pathogenicity, has broad tissue distribution. Regarding this
point and the fact that the IBV target organ does not neces-
sarily show the highest viral load, the real time PCR results
are not efficient enough to determine the pathogenic aspects
of a microorganism. One group compared the pathogenicity
of H120, M41 and SAIBK IBV strains using a quantitative
real time RT-PCR followed by histology observations (Fan et
al., 2012), another group used the viral nucleic acid detection
in different tissues along with histological observations to
assess the Italy 02 pathogenicity (Dolz et al., 2012). Benyeda
et al. (2009) compared the pathogenicity of QX-like, M41
and 793/B IBV strains evaluating the ability of the strains to
inhibit trachea epithelium ciliary activity, to induce immune
response, to replicate and to cause histopathological lesions in
designated organ. Immunofluorescent staining of the tracheal
smears, ciliary activity, virus isolation and histopathology
of the trachea was used to understand the pathogenesis of
virulent and avirulent IBVs (Geilhausen et al., 1973). Clini-
cal signs, gross and histological lesions and weight gain were
considered as indicators to determine the pathogenicity of 5
IBV isolates from Ontario (Grgiz et al., 2008).

In the present study the histological changes were observed
in all three investigated organs. As it was reported previously,
severe histologic lesions of respiratory tissues could be observed
in nephropathogenic or QX-type IBV infections (Benyedaet al.,
2009; Dolz et al., 2012; Purcell et al., 1976), but lesion indicative
of interstitial nephritis could be found in the course of neph-
ropathogenic IBV infections. The association of avian nephritis
with IBV was initially reported from the US (Winterfield and
Hitchner, 1962). However, nephritis associated with IBV was
soon reported as a major problem in Australia (Cumming,
1963). More recently, increasing numbers of infections has been
reported from other countries (Cook et al., 2001). Albassam
et al. (1986) compared the nephropathogenicity of four IBV
strains. All four strains produced acute renal changes consisting
of tubular damage and interstitial inflammatory cell infiltration
and edema. The Holte strain proved to be the least pathogenic,
followed by the more pathogenic Gray and Italian strains and
finally by the Australian strain. Pathogenicity of 25 strains of
BV isolated in Australia between 1961 and 1994 was compared.
Twelve strains were nephropathogenic, and induced clinical
nephritis, gross and histological kidney lesions, and mortality
of 5-90%. All strains, except one, induced histological renal
lesions typical of interstitial nephritis (Ignjatovic et al., 2002).

Chen et al. studied histopathology and immunohistochemistry
of renal lesions due to nephropathogenic IBV strain MA-87
which was isolated from kidneys of a broiler chicken in Japan.
Lesions and viral antigen were first detected in the trachea
and severe damage was afterwards observed in the kidney.
Antigen-positive cells of ducts and tubules were degenerated
and desquamated. The severe epithelial cell damage resulted in
infiltration of heterophils and macrophages in the interstitium,
ducts and tubules. The detection of viral antigen was consistent
with the distribution of histological lesions at 6 to 8 days p.i.
(Chen et al., 1996).

Considering the histopathological renal changes,
variant-2 can be classified as a nephropathogenic IBV. It is
noteworthy that viruses of one genotype/serotype can have
different cell tropisms and multiple pathological patterns,
like the QX strain which was initially isolated in cases of
proventriculitis. However, in subsequent studies, QX-type
strains were recovered in cases associated with a drop in egg
production and renal damage (Chacon et al., 2014). Accord-
ing to the high viral load in intestinal tract, and the study
which was reported by Ambali and Jones whom did not find
any microscopic lesions in the intestine of SPF birds after
inoculation with an enterotropic strain, but demonstrated the
high virus load in the trachea and in the tissues of the lower
section of the gut and evidence of replication by immunos-
taining, variant-2 may also cause enteric damage (Ambali
and Jones, 1990). However to prove the enteropathogenicity
of variant-2, the histological observations of different parts
of intestinal tract are needed. This was the first pathogenicity
study of Iranian variant-2 IBV which provided new insights
on IBV pathogenesis. Further works to produce effective
vaccines using the novel strains are needed.
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