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Abstract

Infectious bursal disease (IBD) is an important immunosuppressive disease of chickens. The causative agent, infectious
bursal disease virus (IBDV), consists of two serotypes, 1 and 2. Serotype 1 consists of classic IBDV (cIBDV) and variant
IBDV (vIBDV). Both of these strains vary in antigenicity and pathogenesis. The goal of this study was to compare the
immunopathogenesis of cIBDV and vIBDV. Three-week-old specific pathogen free chickens were inoculated
intraocularly with standard challenge strain (STC) (cIBDV) and a variant strain Indiana (IN) (vIBDV). The cIBDV produced
more pronounced bursal damage, inflammatory response and infiltration of T cells as compared to vIBDV. There were
significant differences in the expression of innate (IFN-a and IFN-b), proinflammatory cytokine and mediator (IL-6 and
iNOS) in cIBDV- and vIBDV-infected bursas. The expression of chemokines genes, IL-8 and MIP-a was also higher in
cIBDV-infected chickens during the early phase of infection. The expression of Toll like receptor 3 (TLR3) was
downregulated at post inoculation days (PIDs) 3, 5, and 7 in the bursas of vIBDV-infected chickens whereas TLR3 was
upregulated at PIDs 3 and 5 in cIBDV-infected bursas. In vIBDV-infected bursa, TLR7 expression was downregulated at
PIDs 3 and 5 and upregulated at PID 7. However, TLR7 was upregulated at PIDs 3 and 7 in cIBDV-infected bursas. The
expression of MyD88 was downregulated whereas TRIF gene expression was upregulated in cIBDV- and vIBDV-infected
bursa. These findings demonstrate the critical differences in bursal lesions, infiltration of T cells, expression of cytokines,
chemokines and TLRs in the bursa of cIBDV-and vIBDV-infected chickens.

Introduction
Infectious bursal disease (IBD) is one of the most impor-
tant naturally occurring viral diseases of commercial
chickens worldwide [1]. The causative agent, IBD virus
(IBDV) belongs to the family Birnaviridae. The virus
causes an acute, highly contagious and immunosuppres-
sive disease in chickens [1]. The virus infects and destroys
actively dividing IgM-bearing B cells in the bursa of fabri-
cius [2,3]. IBDV exists in different antigenic and patho-
genic forms [4]. Initial isolates designated as classical
strains (cIBDV) of the serotype 1 viruses were considered
to be a single antigenic type. In the early 1980s, antigenic
variants (vIBDV) of the virus were identified in the United

States [1]. These variant viruses were able to cause disease
in the presence of immunity to cIBDV viruses [5]. The
antigenic variants typically do not cause clinical signs of
disease but can cause a marked immunosuppression [4].
The immunosuppression caused by variants and classical
strains of IBDV is often associated with secondary viral
infections and bacterial infections [6-11]. The IBDV
induced immunosuppression also renders chicken flocks
refractory to live attenuated vaccines against other viral
diseases such as avian influenza virus, infectious bronchitis
and Newcastle disease virus [12,13].
Following infection and replication of IBDV, T cells

infiltrate the bursa of infected chickens [14,15]. Although
B cells are considered the major targets for IBDV, it has
been shown that the virus can infect and possibly repli-
cate in macrophages [16-18]. Following viral infections,
including IBDV, activated macrophages produce various
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mediators, such as proinflammatory cytokines, interleu-
kin-1 (IL-1) and IL-6, chemokines, and nitric oxide (NO)
[16,19-21].
Host cells use various receptors to detect viral infections

by recognizing pathogen-associated molecular patterns
(PAMPs) and subsequently induce an antiviral response.
Prominent among these are Toll-like receptors (TLRs)
[22-24]. Several TLRs recognize viral PAMPs: TLR3,
detects double-stranded RNA (dsRNA) derived from viral
replication whereas single-stranded RNA (ssRNA) are
detected by TLR7 and TLR8 [22]. The TLR signaling pro-
ceeds via two pathways; the myeloid differentiation factor
88 (MyD88)-mediated pathway and the Toll-interleukin-1
receptor (TIR)-domain-containing adaptor inducing IFN-b
(TRIF)-mediated pathway [25,26]. The TLR signaling
pathways arise from intracytoplasmic TIR domains, which
are conserved among all TLRs. The TLR7 specifically
involves MyD88-dependent pathway, whereas TRIF is
implicated in the TLR3-mediated MyD88-independent
pathway [27].
The IBD is controlled by vaccination and the vaccines

are very effective against classical strains but with the
emergence of variant and the very virulent strains of IBDV
in the United States [28], there are several incidents of
vaccine failure [28-32]. This highlights the need to exam-
ine the differential immuno-pathogenesis of classical and
variant strains of IBDV in order to devise better control
strategies. Limited information is available on the com-
parative pathogenesis of cIBDV and vIBDV. Sharma et al.
[33] reported that similar to cIBDV, vIBDV also sup-
pressed the ability of T cells to respond to mitogens and
the bursal lesions induced by cIBDV were accompanied by
infiltration of inflammatory cells whereas inflammatory
cells infiltration was lacking in the bursa of vIBDV-
infected chickens [33].
In this study, we examined the differential immuno-

pathogenesis of classical and variant strains of IBDV. As
compared to vIBDV, cIBDV induced early bursal lesions,
extensive infiltration of T cells in the bursa and induced
higher expression of proinflammatory cytokine and media-
tors; IL-6 and iNOS. Further, there were differences in the
expression of TLR3 and TLR7 and their adapter mole-
cules, TRIF and MyD88, in the bursa of cIBDV and
vIBDV-infected chickens. These data demonstrate the dif-
ferential induction of innate and T cell responses by
cIBDV and vIBDV. Elucidation of the TLRs signaling
pathway and factors leading to activation of the immune
response to IBDV infection may provide new strategies for
the development of cross-protective vaccines that can aug-
ment T cell responses in addition to an antibody response.

Materials and methods
All protocols of this study were designed and performed in
accordance with animal use protocol number 08-Ag-029,

approved by the Agricultural Animal Care and Use com-
mittee, The Ohio State University.

Chickens and virus strains
Specific pathogen free (SPF) chicken eggs (Charles River
Laboratories Inc; Wilmington, MA, USA) were incubated
and hatched in our facility at The Ohio Agricultural
Research and Development Center, The Ohio State Uni-
versity. Chickens were kept in a disease containment
building. At 3-weeks of age, prior to inoculation with
virus, the chickens were transferred to an isolation unit.
The standard challenge strain, (STC) [34] representing
cIBDV strain, and a variant Indiana (IN) representing
(vIBDV), were propagated in chickens and titrated in
eggs as described earlier [32].

Experimental design
Eighty-four SPF chickens were allocated to 3 groups; 36
chickens in both group 1 and group 2 were inoculated
intraocularly with 104 EID50/200 uL of either vIBDV or
cIBDV strains respectively and 12 chickens in group 3
were inoculated similarly with PBS to serve as virus- free
controls [35]. At post inoculation days (PIDs) 3, 5 and 7,
twelve chickens each from the virus-infected groups and
four chickens from the virus-free group were euthanized
and bursas were collected. Four pools of three bursas
each from virus-infected groups were prepared. The
harvested bursal tissues were examined for the following:
1- histopathological lesions, 2- immunohistochemical
detection of virus antigen, T cells and macrophages, 3-
isolation of mononuclear cells and expression of virus-
induced innate, proinflammatory cytokines, chemokines,
Toll like receptors (TLRs), and their adaptor molecules
by quantitative real time RT-PCR (qRT-PCR).

Microscopic lesions
At PIDs 3, 5 and 7, four bursas each from virus-free con-
trol, cIBDV- and vIBDV-infected chickens were harvested,
fixed in 10% phosphate buffered formalin and stained with
hematoxylin and eosin for the detection of histopathologi-
cal lesions. Bursal follicular lesions were observed micro-
scopically and lesion scores were determined. The bursal
lesions were scored as follows: lesion score 1 represents 1-
25% of lymphoid follicles affected, 2 represents 26-50% of
lymphoid follicles affected, 3 represents 51-75% of
lymphoid follicles affected and 4 represents 76-100% of
lymphoid follicles affected [36,37].

Detection of IBDV-antigen, macrophages and T cells in
virus-infected bursas
The IBDV antigens, T cells, and macrophages were
detected in snap frozen sections of bursas of vIBDV-,
cIBDV-infected and virus-free control chickens by immu-
nohistochemistry [16,38]. Briefly, small sections of bursal

Rauf et al. Veterinary Research 2011, 42:85
http://www.veterinaryresearch.org/content/42/1/85

Page 2 of 11



tissue were embedded in Tissue-Tek® O.C.T compound
(Sakura Finetek, CA, USA), sectioned 5 μM thick with the
help of cryostat microtome (Leica CM 1510S Germany),
spotted on double positive glass slides, and dehydrated at
37°C overnight. The dehydrated sections were fixed with
acetone (75% acetone and 25% ethyl alcohol) for 10 min
followed by 3 washes with phosphate buffered saline
(PBS). The tissue sections were then blocked with 2% goat
serum for 1 h. After blocking, the sections were incubated
with respective primary and secondary antibodies. A bio-
tin-streptavidin-peroxidase method using R.T.U vectastain
(R) kit (Vector Laboratories, Burlingame, CA, USA) was
adopted for the detection of viral antigen, T cells and
macrophages in frozen sections of vIBDV-, cIBDV-
infected and virus-free chickens bursas. The primary anti-
bodies used for the detection of T cells and macrophages
were: mouse anti-chicken CD3, (diluted 1:200) and mouse
anti-chicken monocytes/macrophage KUL01, (diluted
1:400) (Southern Biotech, Birmingham, AL, USA). The
primary antibody used for the detection of IBDV antigen
was biotinylated mouse anti-IBDV polyclonal antibody
raised against IN strain of IBDV which reacts with both
cIBDV and vIBDV (diluted 1:100). The development of
dark brown color indicated a positive reaction. The group
mean ± SEM of vIBDV- and cIBDV-infected cells, macro-
phage or T cells per field was determined at 20 × magnifi-
cation after counting 5 fields/bursa/chicken and compared
with virus-free control groups.

Isolation of bursal mononuclear cells
Twelve bursas either from cIBDV- or vIBDV-infected
groups at each PID were pooled into 4 pools of three
bursas each and bursas were also collected from 4 virus-
free control chickens at each PID. Mononuclear cells
were isolated from bursas as previously described
[16,38]. Briefly, mononuclear cells suspension was pre-
pared from bursas by density gradient centrifugation
(gradient density 1.090) over Ficoll-Hypaque (GE health-
care Bio-Sciences, Uppsala, Sweden) and washed twice
in cold RPMI 1640 (Gibco, Carlsbad, CA, USA). The
cell pellets were lysed with Trizol reagent and stored at
-70 for RNA extraction.

RNA extraction and qRT-PCR
Total RNA from bursal mononuclear cells of virus-
infected and virus-free control chickens was extracted
using the Trizol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions.
qRT-PCR was used for the quantification of genes speci-
fic for the expression of messenger RNAs (mRNAs) for
innate (IFN-a, IFN-b) and proinflammatory (IL-6 and
iNOS) cytokines, chemokines (IL-8 and MIP-a), Toll
like receptors and their adaptor molecules (TLR3, TLR7,
MyD88 and TRIF) [16]. The primers for 28S, IFN-a,

IFN-b, IL-6, iNOS, IL-8, MIP-a, TLRL3, TLR7, TRIF
and MyD88 were designed according to previously pub-
lished sequences [39-41]. RT-PCR was performed using
Power SYBER® Green RNA - to-CT ™ 1 step RT-PCR
kit (Applied Biosystems, Foster City, CA, USA). Amplifi-
cation and detection were performed in an automated
7500 Real time RT-PCR system (Applied Bio System,
Foster City, CA, USA). Fold increase of target gene
expression over uninfected controls was calculated with
the 2-ΔΔCT method [16,17,38,42].

Statistical analysis
Graph Pad Prism version 5 for Windows was used for
graphical presentation of data. Student’s t-test was used
to detect significant differences between vIBDV- and
cIBDV-infected chickens. P < 0.05 was considered to be
statistically significant.

Results
Infection of chickens with cIBDV and vIBDV
Inoculation of chickens with vIBDV and cIBDV resulted
in a typical IBDV infection. All of the chickens inoculated
with cIBDV showed morbidity and 8% mortality whereas
chickens infected with vIBDV appeared healthy and no
morbidity or mortality was noted in this group. Virus-
free control chickens had no clinical signs or macroscopi-
cal lesions during the course of the experiment. Histolo-
gically, cIBDV induced early and more pronounced
bursal damage as compared to vIBDV (Figure 1). Severe
follicular lesions were observed histologically in the bursa
of cIBDV-infected chickens at PID 3 with a mean bursal
lesions score of 3.25 ± 0.50 whereas in vIBDV-infected
group, the lesion score at PID 3 was 1.75 ± 0.50. At PIDs

Figure 1 Histopathological lesions in the bursa following IBDV-
infection. Bursal lesions score of follicular depletion in virus-free
control, vIBDV and cIBDV-infected chickens at PIDs 3, 5 and 7.
#Statistically significant differences between control and vIBDV- or
cIBDV-infected groups (p < 0.05). *Statistically significant differences
between vIBDV- and cIBDV-infected groups (p < 0.05).
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5 and 7, the lesion score increased to 3.75 ± 0.50 and 4 ±
00 respectively in cIBDV-infected bursa. In vIBDV-
infected bursa, lesion score was 3.25 ± 0.50 and 3.75 ±
0.50 at PIDs 5 and 7, respectively (Figure 1).

Detection of IBDV-antigen, T cells and macrophages in
virus-infected bursa
We detected viral antigen, T cells and macrophages in
cIBDV- and vIBDV-infected bursa at PID 3, 5 and 7 by
immunohistochemistry. Number of IBDV antigen posi-
tive cells was significantly higher (P < 0.05) in cIBDV-
infected bursa as compared to bursa of vIBDV-infected
chickens at all the PIDs tested (Figure 2). Similar to
viral antigen positive cells, we observed significantly
higher (P < 0.05) number of infiltrating T cells in the
bursa of cIBDV-infected chickens as compared to
vIBDV-infected chickens at PID 3 and 5 (Figures 3A
and 3B). However, both viral strains induced infiltration
of similar number of macrophages in the bursa which
was maximum at PID 5 (Figures 4A and 4B).

Virus induced expression of innate cytokines
Both vIBDV and cIBDV induced innate cytokine
response in virus infected chicken bursas. The innate
cytokine IFN-a was upregulated at PID 3, 5 and 7 in
the bursa of vIBDV-infected chickens (Figure 5A). In
cIBDV-infected chickens, IFN-a was downregulated at
PID 3 and upregulated at PID 5 and 7 (Figure 5A). IFN-
b was upregulated in cIBDV- and vIBDV-infected chick-
ens at PIDs 3, 5 and 7 (Figure 5B).

Expression of proinflammatory cytokine, mediator and
chemokines in IBDV-infected bursa
Classical strains of IBDV are known to induce a strong
inflammatory response in the bursa. In this study, we
detected stronger upregulation in the gene expression of
IL-6 in the bursa of cIBDV-infected chickens than
vIBDV-infected chickens during the early stage of infec-
tion (Figure 6A). Similarly, cIBDV induced significantly
higher (P < 0.05) expression of iNOS as compared to
vIBDV at PID 3 (Figure 6B). Expression of the chemo-
kine IL-8 was also higher in cIBDV-infected bursa at
PID 3 (Figure 6C). MIP-a expression was significantly
elevated (P < 0.05) in cIBDV-infected chickens at PID 3
and substantially elevated at PID 7 as compared to
vIBDV-infected chickens (Figure 6D). These data sug-
gest that both viral strains activate proinflammatory
cytokine and chemokine responses which are more pro-
nounced in cIBDV-infected chickens.

Expression of toll like receptors and adaptor molecules in
virus-infected bursa
The gene expression data of TLRs and their adaptor
molecules are illustrated in Figure 7. We noted downre-
gulation in the expression of TLR3 in vIBDV-infected
bursa at all PIDs tested (Figure 7A). However, in
cIBDV-infected bursa, TLR3 gene expression was signifi-
cantly upregulated at PID 3 and 5 as compared to
vIBDV, and it was downregulated at PID 7 (Figure 7A).
The expression level of TLR 7 showed general trend of
downregulation during the early stage of infection in
chickens infected with either viral strain (Figure 7B).
Expression of TRIF was slightly upregulated in vIBDV-

infected chickens as compared to controls whereas in
cIBDV-infected chickens, TRIF expression was signifi-
cantly higher than controls at 5 and 7 PIDs (Figure 7C).
The gene expression of MyD88 in vIBDV-infected bur-
sas was downregulated at all time points. MyD88 was
upregulated at PID 3 and downregulated at PID 5 and 7
in cIBDV-infected chickens (Figure 7D).

Discussion
Innate immune responses orchestrate the antiviral activ-
ities through the proliferation of different effector cells
such as macrophages, T-cells and cytokines, chemokines
and Toll like receptors. In this study, while comparing
the pathogenesis of cIBDV and vIBDV, we noted that
cIBDV produced more pronounced bursal damage as
compared to vIBDV during early stages of the infection.
Both viral strains induced pronounced infiltration of
macrophages and T cells in the bursa of infected chick-
ens. The expression of the proinflammatory cytokines
and chemokines in cIBDV-infected bursa was signifi-
cantly higher than vIBDV-infected bursa. Importantly,
we observed that cIBDV infection upregulated the

Figure 2 IBDV antigen detection by immunohistochemical
staining in virus-infected bursas. SPF chickens were inoculated
with 104EID50 of cIBDV or vIBDV and bursal tissues were collected at
PIDs 3, 5 and 7. Bursal sections from virus-free chickens, vIBDV- and
cIBDV-infected chickens were examined for the presence of IBDV
antigen by immunohistochemistry. IBDV positive cells were counted
(40X) at PID 3, 5 and 7. The values represent the mean ± SEM of 5
fields/bursa/chicken on designated PID. *Statistically significant
differences between vIBDV- and cIBDV-infected groups (p < 0.05).
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Figure 3 T cell infiltration in IBDV-infected bursa. SPF chickens were inoculated with 104EID50 of cIBDV or vIBDV and bursal tissues were
collected at PID 3, 5 and 7. (A) Bursal sections from virus-free chickens (a, b and c; 20X), vIBDV-infected bursa (d, e, and f; 20X) and cIBDV-
infected bursa (g, h, and i; 20X) were examined for the presence of T cells by immunohistochemistry using anti-chicken CD3+ monoclonal
antibody. Brown color indicates the positive staining. (B) T cells were counted (40X) at PID 3, 5 and 7. The values represent the mean ± SEM of 5
fields/bursa/chicken on designated PID. #Statistically significant differences between control and vIBDV- or cIBDV-infected groups (p < 0.05).
*Statistically significant differences between vIBDV- and cIBDV-infected groups (p < 0.05).
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Figure 4 Infiltration of macrophages in IBDV-infected bursa. SPF chickens were inoculated with 104EID50 of cIBDV or vIBDV and bursal
tissues were collected at PID 3, 5 and 7. (A) Bursal sections from virus-free chickens (a, b and c; 20X), vIBDV-infected chickens (d, e, and f; 20X)
and cIBDV-infected chickens (g, h, and i; 20X) were examined for the presence of macrophages by immunohistochemistry using anti-chicken
macrophage antibody. Brown color indicated by arrow represents the positive staining. (B) Macrophage positive cells were counted (20X) at PIDs
3, 5 and 7. The values represent the mean ± SEM of 5 fields/bursa/chicken on designated PID. #Statistically significant differences between
control and vIBDV- or cIBDV-infected groups (p < 0.05). *Statistically significant differences between vIBDV- and cIBDV-infected groups (p < 0.05).
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expression of TLR3 whereas vIBDV infection downregu-
lated its expression.
Following infection, IBDV replicates extensively in B

cells and causes bursal atrophy [15]. This study revealed
that there were distinct differences in the early patho-
genic events of the classical and variant strains of IBDV.
Although both viruses caused bursal atrophy and lym-
phoid cell depletion, cIBDV replicated extensively in the
bursa and induced more bursal lesions. Bursal lesions in
cIBDV-infected bursa were accompanied by infiltration
of inflammatory cells and well pronounced plical edema.
In contrast, bursal lesions induced by vIBDV were

accompanied by thickening of the intrafollicular septum
and less marked inflammatory response. We also noted
the inhibition of the expression of the antiviral cytokine
IFN-a in cIBDV-infected chickens at PID 3. Although we
did not examine the expression of IFN-a at earlier time
points, in a previous study [43], inhibition of IFN-a in
virulent IBDV-infected chickens was observed up to
PID 4. The lack of IFN-a early in the infection would
provide an opportunity for the virus to establish an
infection.
Although antibody mediated immunity play an impor-

tant role, it has been demonstrated that cell mediated
immunity is also crucial against IBDV infection. This
study compared for the first time the infiltration of T cells
and macrophages in cIBDV- and vIBDV- infected bursa.
The infiltration of T cells was significantly higher (P <
0.05) in cIBDV-infected bursa during early stage of infec-
tion. Previously, it was shown that a virulent strain of
IBDV induced extensive infiltration of T cells as compared
to an avirulent strain [44]. In our study, T cell infiltration
was higher in cIBDV-infected chickens and cIBDV
appeared to be more virulent (based on bursal lesions
score). These findings indicate that infiltration of T cells
may be related to the virulence of the virus strain. The T
cells are hypothesized to mediate the virus clearance and
may also be responsible for the exacerbated bursal lesions
[45]. Higher infiltration of T cells in cIBDV-infected chick-
ens may have contributed to the enhanced bursal damage
observed during the early stage of the infection. Although
not tested in this study, both classical and variant strains
cause functional impairment of T cells such that T cells
respond poorly to mitogens in vitro [33].
Macrophages are the central effector cells of the innate

immune system. Cytokines produced by innate immune
cells influence the nature of the adaptive immune response
[46]. We observed the recruitment of macrophages in
cIBDV- and vIBDV-infected bursa. Previously, we have
shown that macrophages from IBDV-infected chickens
produce proinflammatory cytokine [16]. In the present
study, expression of the proinflammatory cytokine IL-6
and mediator iNOS was significantly upregulated in
cIBDV-infected chickens as compared to vIBDV-infected
chickens. The increased expression of IL-6 and iNOS cor-
related well with the previous reports where based on his-
tological observations, it was shown that variant IBDV
induced mild inflammatory response as compared to clas-
sical IBDV [5,33]. The mechanisms responsible for the
recruitment of macrophages to the bursa of IBDV-infected
chickens are not known. However, it is likely that the che-
mokines, IL-8 and MIP-a, may have a role in this regard.
Chicken IL-8 acts as a chemoattractant for heterophils
and monocytes [47]. In this study, we found that the
expression of these chemokines was significantly upregu-
lated in cIBDV-infected birds and slightly upregulated in

Figure 5 Relative gene expression at mRNA level, of innate
cytokines mRNA in IBDV-infected bursa. At PIDs 3, 5 and 7,
bursal mononuclear cells were isolated from cIBDV- or vIBDV-
infected and virus-free control chickens and examined for (A) IFN-a
and (B) IFN-b gene expression by qRT-PCR. Results are shown as
transcription of the target gene relative to housekeeping gene 28S.
The data are expressed as fold change expression in infected
chickens over virus-free control. The values represent the mean ±
SEM of 4 pools of 3 bursa each at designated PID. #Statistically
significant differences between control and vIBDV- or cIBDV-infected
groups (p < 0.05). *Statistically significant differences between
vIBDV- and cIBDV-infected groups (p < 0.05).
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vIBDV-infected birds. Although the number of macro-
phages in cIBDV- and vIBDV-infected bursa was the
same, cytokine and chemokine data suggest that macro-
phages were likely to be more activated in cIBDV-infected
chickens. Activated macrophages in chickens are known
to be a source of pro-inflammatory cytokines [16,17].
The TLRs have been established to play a pivotal role

in the activation of innate immunity by recognizing spe-
cific patterns of microbial components. In the present
study, we demonstrate for the first time, the induction of
TLRs and their adaptor proteins, TRIF and MyD88 in

IBDV-infected chickens. TLR3 and TLR7 are the only
TLRs implicated in antiviral responses in chickens [39].
Strikingly, TLR3 was downregulated in vIBDV-infected
bursa whereas it was upregulated in cIBDV-infected
bursa. In addition to TLR3, melanoma differentiation-
associated gene 5 (MDA5) is also receptor for dsRNA
[48]. The MDA5 activate IRF3 and NF-�B for the induc-
tion of innate immunity. Previously, we have shown that
NF-�B regulates IBDV-induced cytokine production [21].
Therefore, it is possible that vIBDV induced activation of
the innate response may be MDA5 mediated. Previously,

Figure 6 Relative gene expression at mRNA level, of proinflamatory cytokine, iNOS, and chemokine mRNA in IBDV-infected bursa. At
PIDs 3, 5 and 7, bursal mononuclear cells were isolated from cIBDV, vIBDV and virus-free control chickens and examined for IL-6 (A), iNOS (B), IL-
8 (C), and MIP-a (D) gene expression by qRT-PCR. Results are shown as transcription of the target gene relative to housekeeping gene 28S. The
data are expressed as fold change expression in infected chickens over virus-free control. The values represent the mean ± SE of 4 pools of 3
bursa each at designated PID. #Statistically significant differences between control and vIBDV- or cIBDV-infected groups (p < 0.05). *Statistically
significant differences between vIBDV- and cIBDV-infected groups (p < 0.05).
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TLR3 upregulation was shown in chickens infected with
very virulent MDV and H5N1 avian influenza infection
[49,50]. The expression of TLR3 adaptor protein TRIF
was upregulated in cIBDV- and vIBDV-infected bursa.
Further in vitro studies using a siRNA approach will be
needed to delineate the role of TRIF-dependent or inde-
pendent TLR3/MDA5-mediated innate immune activa-
tion by cIBDV and vIBDV.
While examining the expression of TLR7 in infected

bursas, we found that TLR7 gene expression was downre-
gulated in vIBDV-infected bursa. However, in cIBDV-
infected bursas TLR7 gene expression was upregulated.
TLR7 primarily act as receptor for ssRNA; however,

dsRNA duplexes of 19-21 bp in length can activate
mammalian TLR7 [51,52]. It is possible that the dsRNA
genome of IBDV may activate avian TLR7. In our study,
MyD88 was downregulated in cIBDV- and vIBDV-infected
bursa. Previously, it was shown that dsRNA-triggered,
TLR3-mediated signaling is independent of MyD88 [53].
In conclusion, this study reports striking differences in

the pathogenesis and activation of host responses by
cIBDV and vIBDV. Compared to vIBDV, cIBDV produced
more pronounced bursal damage, accumulation of T cells,
and inflammatory response (IL-6 and iNOS expression).
Further studies are needed to identify the role of viral pro-
teins responsible for mediating the differential host

Figure 7 Relative gene expression of Toll like receptor and adaptor molecule mRNA in IBDV-infected bursa. At PIDs 3, 5 and 7, bursal
mononuclear cells were isolated from cIBDV, vIBDV and virus-free control chickens and examined for TLR3 (A), TLR7 (B), TRIF (C), and MyD88 (D)
gene expression by qRT-PCR. Results are shown as transcription of the target gene relative to housekeeping gene 28S. The data are expressed as
fold change expression in infected chickens over virus-free control. The values represent the mean ± SE of 4 pools of 3 bursa each at designated
PID. #Statistically significant differences between control and vIBDV- or cIBDV-infected groups (p < 0.05). *Statistically significant differences
between vIBDV- and cIBDV-infected groups (p < 0.05).
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responses against classical and variant IBDV and the cellu-
lar source of cytokines and chemokines produced in the
bursa. The findings of this study provide new insights that
could be useful for the design of effective vaccines against
classical and variant IBDV strains.
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