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Background: Avian infectious bronchitis virus (IBV) is a
major cause of poor weight gain and mortality among
chicks.
Methods: A lentivirus vector was used to generate transgenic chickens expressing small interfering RNA (siRNA)
targeting the M protein of IBV. Offspring of generation 0 (G0) were screened to identify G1 transgenic
chickens (Tg). Monocytes from G1 Tg were stimulated
with IBV in vitro.
Results: Monocytes producing siRNA efficiently inhibit
IBV replication. Expression of inflammatory cytokines, Mx

protein and nitric oxide levels were lower in early IBV infection in Tg. In vivo experiments show that siRNA expression
inhibits IBV replication, significantly decreases mortality
and increases weight gain. Inflammatory responses and
oxidative damage were significantly decreased, yielding
minimal tissue injury. The inflammatory responses indicate
that the cellular immune response is most effective during
the initial stage, while the humoral immune response is
more significant in later stages of infection.
Conclusions: Small interfering RNA expression inhibits
avian IBV replication and inflammatory response.

Introduction
Coronaviridae is a family of enveloped, positivestranded RNA viruses that contain a number of major
pathogens affecting humans, birds and mammals.
Infectious bronchitis virus (IBV) is a member of Coronaviridae in the genus Gammacoronavirus [1]. IBV is
primarily a chicken pathogen and the causative agent
of infectious bronchitis (IB) [2]. IBV infects the respiratory, uro-genital and digestive systems. Given the
variety of organ tropisms, the clinical presentation can
be varied; the clinical type presents with respiratory
and renal infection [2–4], whereas the respiratory type
is characterized by nasal discharge, snicking, tracheal
ciliostasis and rales [5]. IB is a major cause of growth
retardation, poor weight gain, high mortality in chicks,
and poor egg production in adults [6]. The respiratory type is primarily caused by the Beaudette, classical
strain M41 and Connecticut strains.
RNAs of IBV are produced via a discontinuous
transcription mechanism with an increased mutation
rate [7]. Currently, vaccines lack the ability to produce
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sterile immunity [8], as many different antigenic types
emerge due to spontaneous mutation or genetic recombination [9,10], in part due to the high RNA mutation
rate of IBV.
RNA interference technology has been widely
used to study disease prevention in a variety of systems, including avian influenza [11], hepatitis C [12]
and hepatitis B [13]. The Roslin Institute generated transgenic chickens expressing a short-hairpin
RNA (shRNA) to inhibit influenza virus polymerase.
Although this did not prevent death in the transgenic
birds after challenge, transmission to both transgenic
and non-transgenic birds was prevented [14], showing
the promise of this technique in viral control.
IBV has four main structural proteins: the glycosylated spike (S), small envelope (E), membrane (M)
and nucleocapsid (N) proteins. The 224–225 amino
acid long M protein is an essential component of the
virion and plays pivotal roles in virion assembly, budding and maturation [15]. The M protein is the most
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abundant component of coronavirus [16]. It spans the
membrane bilayer three times, leaving a short aminoterminal domain on the virion exterior surface. This
transmembrane domain, known as the antigenic determinant, induces cell-mediated immune responses and
the production of specific antibodies [17]. Mutations
in the M gene are generally synonymous changes, and
the RNA and protein sequences of the M gene are
relatively highly conserved [18]. In our study, a small
interfering RNA (siRNA) targeting M protein (siM)
was proven to inhibit the expression of IBV M protein
(Additional file 1). In this study, shRNA was designed
based on the siM sequence to determine its effects on
IBV in vivo. A lentivirus-based vector (pLL3.7) was
used to introduce the shRNA and produce transgenic
chickens expressing shRNA. Effects on IBV were determined by infecting these chickens with the M41 strain
of IBV [19] to investigate the in vivo inhibition of IBV
replication by shRNA.

Methods
Ethics statement
All animal procedures were performed at the experimental station of the China Agricultural University in
strict accordance with the protocol approved by the
Animal Welfare Committee (permit number XK662).

Construction of shRNA-expressing vectors
shRNA vectors were constructed using the pLL3.7
lentivirus-based vector that efficiently expresses shRNAs under the control of the mouse U6 promoter
with downstream HpaI and XhoI restriction sites. The
shRNA sequence (5′-ATC GTT AAC ATG ATA GTG
TTA TGG TGC TCG AAA GCA CCA TAA CAC TAT
CAT TTT TCT CGA GCA T-3′) was designed based on
the siM sequence (Additional file 1). This sequence was
synthesized by the Sangon Biotech Co. (Beijing, China)
and subcloned into the pLL3.7 vector. The recombinant
vector sequence was confirmed by PCR, restriction
enzyme digestion and sequence analysis, and the resulting plasmid was named pLL3.7-IBV-shRNA. Plasmids
used for transfection were purified using the Endofree
Plasmid Maxi kit (Qiagen, Hilden, Germany).

Lentivirus production
Lentiviral production was performed as previously
described. Briefly, 293FT cells were plated on 60 mm
dishes and transfected with the pLL3.7-IBV-shRNA
and packaging vectors, including pMDLg/pRRE, pRSVRev and pMD2.G. The resulting supernatant was collected and passed through a 0.22 mm filter after 48 h.
Virus particles were concentrated via ultracentrifugation for 90 min at 25,000 g. The virus was resuspended
in phosphate-buffered saline for 4 h and then stored
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AVT-15-OA-3671_Yu.indd 470

at -80°C. Cultures of 293FT cells were infected with
serial dilutions of concentrated lentivirus to determine
viral titres. The ratio of total cells to cells expressing
enhanced green fluorescent protein (EGFP) was determined at 72 h after infection via microscopy.
A total of 6,000 chicken embryonic stem (chES) cells
derived from the area pellucida of the stage X chicken
blastoderm were infected with 1 ml of the lentiviral vector. Infection was confirmed by screening for EGFP
expression.

Production of G0 transgenic chickens
A hole was opened in the equator of freshly laid fertilized
eggs and approximately 1 ml of high-titre lentivirus suspension was microinjected into the subgerminal cavity
beneath the blastodermal embryo. After injection, the
hole was sealed with paraffin wax and the injected eggs
were incubated to hatching. Embryos were screened for
chimerism by detection of GFP fluorescence.
To detect transgenic chicks, genomic DNA was
extracted from the blood samples of hatched G0 chicks
and analysed by Southern blotting for the presence of
exogenous genes. PCR was used to make specific digoxigenin-labelled probes per the manufacturer’s directions
(Roche Diagnostics, Mannheim, Germany). A 1,087
base pair (bp) fragment was amplified using the primer
pair listed in Additional file 1. Genomic DNA (20 mg)
was digested with HindIII (NEB, Beverly, MA, USA),
separated on a 0.8% agarose gel and blotted onto a
charged nylon membrane. RNA was isolated from
blood samples of positive chimeric chickens. EGFP
mRNA expression (407 bp) was detected by RT-PCR,
using b-actin as an internal control.
Transgene integration sites were determined using
a genome walking kit (Takara, Seta, Japan). Based on
the known pLL3.7-IBV-shRNA sequence, three specific
primers (SP1, SP2 and SP3) were designed in the same
direction with a high annealing temperature (Additional
file 1). Downstream, four arbitrary primers provided in
the kit were used with a low annealing temperature.
Specific bands were obtained using thermal asymmetric
PCR, and the final PCR products were recovered for
sequencing. The resulting sequences were aligned with
sequences in the GenBank and pLL3.7-IBV-shRNA
using BLAST.

Production of G1 transgenic chickens
Semen samples were collected from the G0 cocks at
sexual maturity. Positive chickens were crossed to stock
hens, and transgenic G0 hens were crossed to stock
cocks. G0 offspring were screened to identify G1 transgenic chickens (Tg) by extracting genomic DNA from
blood and screening for exogenous genes by Southern blotting as previously described. In addition, total
RNA was extracted from Tg blood and screened for
©2016 International Medical Press
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EGFP mRNA expression by RT-PCR. siRNA expression was detected by northern dot-blotting (DIG
Northern Starter Kit; Roche), using the probe sequence
5′-ATGATAGTGTTATGGTGCT-3′.

In vitro virus infection
Heparinized blood samples were collected from the
brachial veins of six G1 Tg and six wild-type (WT)
chickens at 30 weeks of age for collection of peripheral blood mononuclear cells (PBMCs). PBMCs of
individual chickens were cultured in RPMI-1640
(Gibco, Grand Island, NY, USA) with 10% fetal bovine
serum (Hyclone, Logan, UT, USA) for 72 h. After 72 h
of incubation non-adherent cells were washed away,
approximately 90% of the adherent cells were monocytes-macrophages. The M41 strain (National Institutes for Food and Drug Control, Beijing, China) of
IBV was propagated by three or more passages in the
allantoic cavities of 10-day-old specific pathogen-free
chicken embryos. The mononuclear macrophages of
each chicken were infected with IBV at a multiplicity of
infection of 1. Samples from each group were collected
at 0, 4, 8, 12, 24 and 48 h post-infection and used in
subsequent experiments.

Real-time PCR analysis in mononuclear macrophages
RNA was extracted from six Tg and six WT samples
from the previous step using Trizol (Invitrogen, Carlsbad, CA, USA) and treated with RNase-Free DNase
(Promega, Madison, WI, USA). The RNA in each sample was quantified and checked for quality using a NanoDrop 2000 (Thermo Scientific, Waltham, MA, USA).
Samples were reverse transcribed using M-MLV reverse
transcriptase (Promega) as per the manufacturer’s
instructions.
Real-time PCR was used to quantify IBV genomic
RNA copy number and the transcription levels of inflammatory cytokines using the Real Master Mix SYBR
Green Kit (Tiangen, Beijing, China) on an MX300P
(Stratagene, La Jolla, CA, USA) following the manufacturer’s protocol. The primer sequences for interferon
(IFN)-g, tumour necrosis factor (TNF)-a, interleukin
(IL)-1b, IL-8 and myxovirus resistance protein (Mx) are
listed in Additional file 1. For absolute quantification
of IBV, primers designed based on the N protein in the
M41 strain. A dilution series of recombinant plasmids
containing the N gene was used to construct the standard curve. Standard curves were used to calculate IBV
copy numbers in monocytes over a time course.

Nitric oxide detection
Nitric oxide (NO) concentrations from the six Tg and
six WT from the previous step were determined by
spectrophotometry as per the NO detection kit (Nanjing Jiancheng, China) manufacturer’s directions.
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Cell proliferation assay
Cell proliferation was assessed using the Cell Counting
Kit-8 (CCK8) Kit (Dojindo, Gaithersburg, MD, USA).
Cells isolated from six chickens in each group were
seeded in 96-well plates at a density of 4,000 cells per
well mixed with 100 ml of culture medium. A total of
10 ml of CCK8 solution was added to wells at 0, 12, 24
and 48 h post-infection. The cells were incubated for
4 h at 37°C. The optical density was read at 450 nm
using a Bio-Rad Microplate Reader (Bio-Rad Laboratories, Richmond, CA, USA).

Immunocytochemistry
Cells from each group were fixed in 4% paraformaldehyde. IBV antigen levels in G1 Tg infected monocytes
were examined by immunocytochemistry. Polyclonal
antibodies were produced as follows: 1 ml of 20 50%
egg infectious dose (EID50)/ml IBV was mixed with an
equal volume of Freund’s complete adjuvant. Rabbits
were immunized with the mixture using multipoint subcutaneous injections. After 2 weeks, the rabbits were
again immunized with a mixture of 0.5 ml IBV and
an equal volume of Freund’s incomplete adjuvant. The
final immunization 2 weeks later was with 0.25 ml IBV
alone. Peripheral blood was collected and serum separated 7 days after the final immunization. HRP-labelled
goat anti-rabbit IgG was used as the second antibody.

Experimental birds in vivo
The transgenic G0 cock 1-1 was crossed to stock hens
from a full sibling mating. Hatched G1 chicks were
divided into three experimental groups: chickens in the
control group (con) without IBV infection, chickens
in the transgenic group under IBV challenge (Tg‑IBV)
and chickens in the non-transgenic group under IBV
challenge (WT-IBV). Identification of G1 transgenic
individuals was performed as described above. Chicks
in each challenge group were inoculated at 1 day of
age with IBV-M41 (104 EID50/bird). Control groups
were inoculated with 0.1 ml of phosphate-buffered
saline (PBS). All birds were kept in individual cages
under a daily light and provided with food and water
ad libitum. Clinical signs were observed daily in 26
control chickens, 26 Tg-IBV chickens and 24 WT-IBV
chickens, and recorded daily, including specific clinical signs (respiratory signs), non-specific clinical signs
(huddling, droopy wings and ruffled feathers) and
death. Each individual was weighed at 1, 3, 7, 14 and
21 days of age.

Determining IBV copy number, antibody levels and
lesions
At days 3, 7 and 14 post-infection, five chickens from
each group were necropsied and samples of trachea were
collected for RNA extraction and reverse transcription.
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Real-time PCR was used to determine the IBV copy
number as previously described.
Blood was sampled from the jugular vein on days 3, 7
and 14 post-infection from five birds in each group, and
serum isolated via centrifugation. An IBV ELISA test kit
(Synbiotics, San Diego, CA, USA) was used to measure
serum IgG-specific antibody titres as per the manufacturer’s protocol. The birds of each group were euthanized under anaesthesia with Somnopentyl on day 10
post-infection. Trachea and lung samples were removed
from each chicken and fixed with 10% (v/v) formalin
in PBS, routinely processed and embedded in paraffin.
Paraffin sections were stained with haematoxylin and
eosin for histological examination.

Statistical analyses
Data were subjected to analysis of variance using the
GLM procedures of Statistical Analysis System (SAS
Institute, Cary, NC, USA). All data were expressed as
mean ±se of the mean (sem). Differences were considered to be significant when P<0.05.

Results
shRNA lentiviral production
The recombinant vector sequence was confirmed by
sequencing. Downstream primers contained the U6
sequence and the upstream primer contained the siRNA

sequence (Figure 1A and 1B). The virus was concentrated to a titre of 108–109 transducing units per millilitre (IFU/ml; Figure 1C). chES cells expressed the
reporter gene EGFP (Figure 1D), indicating transduction with the lentiviral vector.

Transgenic chickens
Hatching rate of injected G0 embryos was 19.8%.
A total of 12 of 39 G0 birds contained transgenic
sequences, giving a transduction frequency of 30.77%
(Additional file 1). All chimeric chickens expressed
EGFP mRNA (Figure 2A and 2B).
The flanking sequences of the integrated vector
were detected in the genomic DNA of EGFP-positive
G0 chickens via nested PCR (Figure 2C). Sequencing
and comparative analysis revealed that the integration
sequence belonged to pLL3.7-IBV-shRNA and the integration site was in the Z chromosome. Screening of randomly selected embryos for EGFP indicated a high level
of integration (Figure 2D).
Southern blotting and EGFP RT-PCR showed exogenous gene integration in the genome of G1 chicks.
Northern dot blotting revealed siRNA expression in G1
individuals (Additional file 1).
Transgene integration in semen samples showed that
one cock had germ cell insertions. This was confirmed
by crossing to stock hens and producing G1 offspring.
Eight positive G0 hens were selected for further analysis
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Figure 1. Construction of shRNA lentiviral vectors and expression of EGFP in chicken embryonic stem cells
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Figure 2. G0 transgenic chicken identification
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(A) RT-PCR of generation (G)0 transgenic chicken blood. Lanes 1, 2, 5–7: transgenic chicken; lanes 3, 4: wild-type chickens; p: positive control; M: marker. (B) Southern
blot analysis. p1: positive control on 125 pg of transgenic vector plasmid; p2: positive control on 25 pg of transgenic vector plasmid; positive individuals were
identified (lanes 1–8); c: negative control. (C) Integration sites, genome walking electrophoresis. M: marker; lane 1: SP1; lane 2: SP2, lane 3: SP3; C, negative control.
(D) Enhanced green fluorescent protein (EGFP) detection in G0 transgenic chickens. Tg, transgenic group; WT, wild-type controls.

of germline transmission by crossing to stock cocks.
Four of these produced transgenic offspring, with frequencies ranging from 6.3% to 23.1%. A total of seven
G1 offspring were proven to be transgenic; three integrated one copy of the exogenous gene, two integrated
two copies, and one integrated three and four copies
(Additional file 1).

shRNA inhibits IBV replication in g1 mononuclear
macrophages
IBV RNA levels in mononuclear macrophages taken
from transgenic chickens were significantly reduced
compared with WT starting 8 h after infection and
continuing throughout the experiment (Figure 3A). The
IBV copy number in Tg cells was significantly decreased
at 24 h and lower than the starting number at 48 h. IBV
copy number in WT chickens significantly increased at
8 h and did not start decreasing until 48 h. IBV infection causes a sustained decrease in the cell viability of
Antiviral Therapy 21.6
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both WT and Tg cells (Figure 3B). At 48 h the difference
in viability of Tg cells compared with WT cells was statistically significant (P<0.05).
Antigenic protein levels of Tg and WT were not significantly different at 4 h (Figure 3C) but increased by
varying amounts at 8 and 12 h. At all time points analysed in Tg, IBV protein expression was not increased
compared with the 4-h time point; conversely, protein
expression in WT cells was obviously higher than at
4 h. Expression of IBV protein decreased at 24 h in
both groups; however, at 48 h post-infection, IBV protein expression strongly decreased in Tg and below its
4-h value.

shRNA decreased inflammation by inhibiting IBV
replication
IFN-g increased in both Tg and WT (Figure 4A and 4B);
however, the increase in IFN in Tg, compared with WT,
was significantly lower at 4 and 8 h (P<0.05). There
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Figure 3. siRNA inhibits IBV replication in mononuclear macrophages of G1 Tg
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(A) Infectious bronchitis virus (IBV) copy number in mononuclear macrophages of transgenic chicken (Tg) after infection. (B) Cell viability of mononuclear
macrophages after infection. (C) Virus antigen in mononuclear macrophages of G1 transgenic chicken after infection. Results are expressed as the means ±se. aP<0.05
in Tg versus wild-type (WT) groups. OD, optical density; siRNA, small interfering RNA.

were two peaks of TNF-a expression in both groups.
WT had significantly higher TNF-a expression than
Tg at 8, 12, 24 and 48 h post-infection (P<0.05), with
stronger inflammatory response.
IL-1b expression of Tg reached a peak at 4 h and
was significantly lower than WT (P<0.05). Expression
of IL-1b was down-regulated at 8 h in Tg but was maintained at a high level in WT (Figure 4C). IL-8 expression peaked at 8 h, which in Tg was significantly lower
than in WT, and then maintained a low level in both
groups (Figure 4D).
After IBV infection, there was an upward trend in NO
secretion in G1 mononuclear macrophages (Figure 4E).
At 4, 8, 24 and 48 h, the amounts of NO were significantly lower in Tg than in WT (P<0.05).
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Mx protein expression was maintained at a low level
in Tg (Figure 4F). In WT, there was an initial high level
of Mx expression that returned to normal levels at 48
h, indicating that Mx proteins played an important role
in early stage of antiviral defence.

shRNA inhibits IBV replication in vivo infection of G1
transgenic chickens
The IBV copy number of trachea from Tg was lower
than WT at each time point (Figure 5A) and was significantly different at 7 days post-infection (P<0.05).
Decreasing IBV copy numbers were observed at 14
days after infection in WT. IgG antibodies against IBV
can be detected at 10 days after infection, peaking at 15
days and then decreasing. Tg IBV IgG levels were lower
©2016 International Medical Press
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Figure 4. Inflammatory reaction and oxidative stress in G1 Tg mononuclear macrophages
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(A) Interferon (IFN)-g, (B) tumour necrosis factor (TNF)-a, (C) interleukin (IL)-1b, (D) IL-8, (E) nitric oxide (NO) and (F) myxovirus-resistance protein (Mx) were
examined after infectious bronchitis virus infection. Results are expressed as the means ±se. aP<0.05 in transgenic chicken (Tg) versus wild-type (WT) groups.

than WT levels at all time points (Figure 5B) and was
significantly different at days 10 and 15 (P<0.05).

Pathology differences after IBV infection
The body weights of both groups after IBV challenge
were lower than the control group at 3 days and the
first 7 days (Figure 5C). Body weights of the Tg-IBV
group were significantly higher than the WT-IBV group,
starting at 14 days post-infection and continuing for
the remainder of the experiment (P<0.05). The average body weight of Tg-IBV (89.3 g) was significantly
higher than WT-IBV (73.3 g) at 21 days post-infection.
The first deaths in both the Tg-IBV and WT-IBV groups
occurred on the third day (Figure 5D); deaths stopped
7 days later in the Tg-IBV group but continued in WTIBV group. The survival rate of the Tg-IBV group was
88.46%, 13% more than the WT-IBV group (75%).
However, there was no statistical difference between
two groups.
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Pathology was observed at 10 days after IBV infection (Additional file 1). After infection, WT chickens
exhibited more serious clinical signs than Tg chickens.
In the WT-IBV group, there was sloughing of the tracheal epithelium, extravasation of red blood cells in
the lungs and bronchial lumina, and myofibrosis with
lymphoid infiltrates. In the Tg-IBV group, the lungs
appeared normal, and incidental red blood cells extravasated in the bronchial lumina.

Discussion
IBV is ubiquitous in most parts of the world where
poultry are reared and causes major economic
losses [20]. RNAi has been demonstrated to inhibit
virus replication in vitro [21]. Compared with traditional vaccines, siRNA has a direct effect on the conserved regions of viral structural proteins and actively
prevents viral escape.
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Figure 5. M41 strain of IBV-infected chickens in vivo
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In an influenza model, siRNA specific for conserved
regions among different subtypes and strains of influenza virus are potent inhibitors of viral replication in
both cell lines and embryonated chicken eggs [22].
In our study, we used a lentivirus vector to deliver an
shRNA based on an siRNA sequence that is specific for
conserved regions of the IBV M protein. In mononuclear macrophages of G1 transgenic chickens, siRNA
inhibits IBV replication.
Immunomodulation is also due to variations in
cytokine expression. Nuclear factor (NF)-kB induces
type I IFNs during ssRNA virus infection [23–25].
These antiviral proteins and inflammatory cytokines
play an important role of antiviral resistance against
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several viral pathogens and further activate innate
immune responses [26,27]. IBV infection incites
mucosal, cellular and humeral immune responses.
Innate immunity is involved in the initial stage of control of virus replication and has been found to play
an important role in IBV clearance [28]. Our study
found similar results, with high cytokine levels in the
initial stages of infection. Previous studies have found
early upregulation of proinflammatory cytokines such
as IL-6, IL-1b and IFN-g induced by the M41 strain of
IBV [29]. Up-regulation of IFN-g, IL-8 and MIP-1b,
and suppression of IL-6 has been associated with inhibition of IBV replication in lung tissue from embryos
pretreated with CpG-ODN [30]. Our results indicate
©2016 International Medical Press
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that expression of inflammatory factors (IFN-g, IL-8,
TNF-a and IL-1b) are upregulated in infected mononuclear macrophages, but inhibition of viral replication in transgenic chickens leads to lower expression
levels of inflammatory factors and a dampened inflammatory response.
IFN-g also plays a protective role against viral infection via induction of a Th1 response and activation
of antiviral pathways, including induction of Mx and
PKR expression [31]. Chicken interferon type I inhibits
IBV replication in vitro and in vivo [32]. A recombinant fowlpox virus co-expressing IBV-S1 and chicken
IFN-g is effective against IB in chickens, allowing
normal weight gain [33]. IFN-g production increases
rapidly after stimulation of chicken splenocytes with
IBV [34]. However, excessive release of antiviral
cytokines causes an enhanced inflammatory response;
subsequent inflammatory cascade can cause tissue
injury, multiple organ failure and death. We observed
a transient upregulation of IFN-g and a continuous
low level of Mx expression in transgenic mononuclear
macrophages during viral infection. siRNA expressed
in transgenic chicken inhibits the replication of IBV
and decreased mortality due to excessive inflammatory
response after viral infection.
IBV infection activates TNF-a and IL-8 expression.
However, the level of expression was lower in Tg chickens. Because IBV has a similar genomic structure to
SARS, the IBV spike protein could be a ligand of TLR2
and induce an inflammatory response via activation of
the TLR2 pathway similar to SARS [35].
IBV infection also induces apoptosis of virusinfected cells. These dead cells and viral antigens trigger an innate immunity. Activation of the p38/MAPK
pathway, leading to induction and upregulation of
IL-8 can establish an effective antiviral response at
later stages of infection [36]. The peaks of IL-8 gene
expression were observed at the early stage of IBV
infection and then maintained at a low level. IL-1b
was activated locally after primary immunization
with IBV-Mass [37]. However, the M41 strain of IBV
infection did not cause a strong inflammatory reaction and or injury in transgenic chickens. This indicates that siRNA expression effectively inhibits IBV
replication.
Monocyte activation prompted by IBV stimulated
NO production [38]. Increasing release of NO reduces
inflammation in the respiratory tract and decreases
dyspnoea [39]. Excessive NO production may lead to
oxidative damage. In our study, viral infection induced
monocyte activation, increased NO synthesis and
caused oxidative damage after IBV infection in cells
of WT. RNAi effectively inhibited viral replication in
Tg cells. NO remained decreased, thus protecting them
from oxidative damage.
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IBV exhibits broad tissue tropism, including targeting tracheal tissue. The initial stage of IBV infection
causes respiratory tract inflammation [40], with symptoms appearing within 48 h. Virus can be isolated from
the trachea within 2–7 days and titres began to rise 5
days after infection. Clinical signs become obvious at
3–14 days after infection and are associated with viral
load. In this study, virus was detected in each group
starting at 3 days after infection and reaching a peak
at 7 days. Chicken deaths were generally concentrated
from 3 to 11 days after infection. However, the Tg-IBV
group had increased weight and decreased mortality,
again indicating inhibited viral synthesis.
IgG antibodies against IBV can be detected rising at
day 10 and peaked at day 15 after virus challenge in the
WT group. This result is in agreement with Collisson’s
research. Antibody plays a major role in later control of
infection [41]. Low levels of IgG in Tg-IBV show that
IBV replication was inhibited, suggesting that the virus
was effectively eliminated after the initial infection in
the Tg-IBV group.
In conclusion, we generated germ line transgenic birds
using a lentiviral vector system with an shRNA insert.
siRNA effectively inhibited IBV replication in transgenic chickens after infection with the M41 strain of
IBV. These chickens had low cytokine levels, decreased
viral loads and low NO levels, In vivo experiments
showed that IBV replication was inhibited and low
antibody level was produced. Survival rate was higher,
but not statistically significant. In addition, the cellular immune response is effective against viruses thanks
to an inflammatory response during the initial stage of
IBV infection. Humoral immune response plays a major
role in antiviral effect at late stages of the infection.
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