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Infectious bursal disease virus (IBDV) is an avian lymphotropic virus that causes immunosuppression.
When specific-pathogen-free chickens were exposed to a pathogenic strain of IBDV (IM), the virus rapidly
destroyed B cells in the bursa of Fabricius. Extensive viral replication was accompanied by an infiltration of
T cells in the bursa. We studied the characteristics of intrabursal T lymphocytes in IBDV-infected chickens and
examined whether T cells were involved in virus clearance. Flow cytometric analysis of single-cell suspensions
of the bursal tissue revealed that T cells were first detectable at 4 days postinoculation (p.i.). At 7 days p.i., 65%
of bursal cells were T cells and 7% were B cells. After virus infection, the numbers of bursal T cells expressing
activation markers Ia and CD25 were significantly increased (P < 0.03). In addition, IBDV-induced bursal T
cells produced elevated levels of interleukin-6-like factor and nitric oxide-inducing factor in vitro. Spleen and
bursal cells of IBDV-infected chickens had upregulated gamma interferon gene expression in comparison with
virus-free chickens. In IBDV-infected chickens, bursal T cells proliferated in vitro upon stimulation with
purified IBDV in a dose-dependent manner (P < 0.02), whereas virus-specific T-cell expansion was not detected
in the spleen. Cyclosporin A treatment, which reduced the number of circulating T cells and compromised
T-cell mitogenesis, increased viral burden in the bursae of IBDV-infected chickens. The results suggest that
intrabursal T cells and T-cell-mediated responses may be important in viral clearance and promoting recovery
from infection.

Infectious bursal disease virus (IBDV), an avian B-lympho-
tropic virus, causes an acute productive infection in actively
dividing immunoglobulin M-expressing (IgM1) B cells (16,
28). The bursa is the principal reservoir of virus replication,
and peak virus titers in the bursa can be detected between 3 to
5 days after IBDV infection (20, 38). The bursa of Fabricius is
a unique, primary lymphoid organ in avian species, where B
lymphocytes maturate and differentiate (14). The bursal folli-
cles consist of B lymphocytes (85 to 95%), T cells (,4%), and
other nonlymphoid cells (4, 10, 21, 31). In the bursae of chick-
ens infected with IBDV, productive viral replication is often
associated with necrosis, apoptosis of lymphoid cells, inflam-
matory change, atrophy, and hemorrhages (16, 25, 38, 42).
Chickens infected with IBDV experience suppression in both
humoral (8, 13, 32, 39) and cellular (5, 23, 32) immunity.
Humoral immunosuppression appears to be associated with
IBDV-induced B-cell destruction, while the mechanism of cel-
lular immunosuppression is largely elusive.

Because viral replication is self-limiting, birds recover from
the pathogenic effects of the virus. After the acute phase of the
infection subsides, the bursal follicles become repopulated
with B cells and immune competence is reestablished (24). The
mechanisms that limit virus replication and promote recovery

are not known and may involve virus-specific immune re-
sponses. Current thinking is that protection against IBDV may
be mediated primarily by anti-IBDV antibodies (12, 17, 27, 29,
40, 41). IBDV vaccines used in commercial flocks are selected
by the ability of the vaccines to induce vigorous antibody re-
sponses (12, 22, 26).

In this study, we hypothesized that T-cell immunity plays an
important role in defense against IBDV. This hypothesis was
prompted by a recent observation in our laboratory that rep-
lication of IBDV in the bursa was accompanied by a dramatic
infiltration of T cells into this organ (24, 37). In IBDV-infected
chickens, there was an increase in the numbers of intrabursal T
cells, while the bursae of uninfected chickens had very few
resident T cells (21, 24, 37). Bursal T cells were detected by
immunohistochemistry at 1 day postinfection (p.i.) (37) and
persisted for several weeks (24, 37). The infiltrating T cells
were closely associated with the foci of viral antigen in bursal
follicles. The majority of IBDV-induced bursal T cells were
T-cell receptor 2-expressing (TCR21) ab T cells, and a few
were TCR11 gd T cells (37). In the present study, our specific
objectives were to examine IBDV-induced bursal T cells for (i)
surface expression of the major histocompatibility complex
(MHC) class II molecule Ia and CD25, (ii) cytokine produc-
tion, and (iii) in vitro virus-specific proliferation. An additional
objective was to examine the effect of experimentally induced
T-cell deficiency on viral replication in the bursa.

MATERIALS AND METHODS

Animals and viruses. Specific-pathogen-free embryonated eggs were pur-
chased from HyVac (Gowrie, Iowa) and hatched in an incubator under the
supervision of the Animal Facility Management of the University of Minnesota.
One-day-old chicks were housed in Horsfall-Bauer-type isolation units. Water
and feed were provided ad libitum. Virulent and intermediate strains of IBDV
(IM-IBDV and Bursine 2-IBDV, respectively) were prepared in embryonated
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eggs as described previously (37, 42). At 3 weeks of age, chickens were inoculated
with 1,000 50% egg infective doses (EID50) of IBDV (IM- or Bursine 2-IBDV)
or phosphate-buffered saline (PBS) by eye drop.

For the in vitro proliferation assay, IBDV was isolated from bursal tissue at 2
days p.i. and purified on a discontinuous cesium chloride gradient as described by
Bottcher et al. (2). Both Newcastle disease virus strain B1 (NDV-B1) and
fowlpox virus (FPV) were propagated in chicken embryo fibroblasts and purified
as described previously (11). Concentrations of viral proteins were determined by
measuring optical density (OD) at 600 nm. Known concentrations of bovine
serum albumin served as a protein standard.

Monoclonal antibodies. Monoclonal antibodies against chicken CD3, CD4,
CD8, and Ia were purchased from Southern Biotechnology Associates (Birming-
ham, Ala.). Mouse anti-chicken CD25 monoclonal antibody INN-CH16 was a
generous gift from K. Hala (University of Innsbruck, Innsbruck, Austria) (15).
Goat anti-mouse IgG (heavy plus light chains) labeled with fluorescein isothio-
cyanate (FITC) or phycoerythrin (PE) was purchased from Sigma Chemical Co.
(St. Louis, Mo.).

Fluorescence-activated cell sorting (FACS) analysis of lymphocytes. At 1, 2, 4,
5, 7, 14, and 21 days p.i., four pools containing 12 chickens per group were
examined. Spleens and bursae were excised, and single-cell suspensions were
separately prepared by crushing the organs. Lymphocytes were separated in a
discontinuous density gradient of culture medium and lymphocyte separation
medium (ICN Pharmaceuticals Inc., Costa Mesa, Calif.). For one-color staining,
2 3 105 cells were incubated with anti-chicken CD3, CD4, or CD8 monoclonal
antibodies at 4°C for 30 min. Following three washes with PBS containing 2%
fetal bovine serum (FBS), the cells were stained with goat anti-mouse IgG
conjugated with FITC. For two-color staining, 2 3 105 cells were incubated with
either unlabeled anti-Ia antibody or unlabeled INN-CH16 and stained with goat
anti-mouse PE-labeled antibodies. Following three gentle washes, the cells were
incubated with anti-CD3, -CD4, or -CD8 antibody labeled with FITC. Subse-
quently, the cells were fixed with 4% paraformaldehyde, and positively stained
cells were analyzed by FASCalibur (Becton Dickinson, Mountain View, Calif.)
and CellQuest software (Becton Dickinson). Viable lymphocytes were gated on
the basis of forward and side scatter characteristics, and 10,000 events were
analyzed for positive staining with FITC or PE.

Quantitation of IFN-g gene expression. Gamma interferon (IFN-g) gene
expression was quantitated by a competitive quantitative reverse transcription
(RT)-PCR. A competitor of endogenous IFN-g was constructed by introducing
a 127-nucleotide (nt) repeat sequence into a cloned IFN-g gene. Total RNA was
obtained from T lymphocytes stimulated with concanavalin A (ConA; 5 mg/ml;
Calbiochem, La Jolla, Calif.) for 4 h by using TRIzol (GibcoBRL, Grand Island,
N.Y.) following the manufacturer’s instructions; 1 mg of the total RNA was used
for RT with Superscript II reverse transcriptase (GibcoBRL). Specific primers
were designed based on coding sequences of chicken IFN-g (7). One-twentieth
of the RT reactions was used to amplify three different IFN-g cDNA fragments
by PCR with IFN-g-specific primers containing a restriction enzyme site (under-
lined): LF (nt 79 to 94, sense, XbaI), 59-GCTCTAGACAGATGCTAGCTGAC
GGTGGACCTAT-39; IB (nt 419 to 431, antisense, PstI), 59-AACTGCAGGG
ATCCACCAGCTCCTGTAAGATGC-39; IF (nt 315 to 338, sense, EcoRI),
59-CGGAATTCTTCCTGATGGCGTGAAGAAGGTG-39; and LB (nt 496 to
521, antisense, ClaI), 59-CCATCGATGAGCACAGGAGGTCATAAGATGCC
A-39. After denaturing at 95°C for 1 min, three IFN-g cDNA fragments were

independently amplified for 30 cycles by AmpliTaq DNA polymerase (Perkin-
Elmer, Norwalk, Conn.) as follows: denaturation at 94°C for 1 min, annealing at
66°C for 45 s, and polymerization at 72°C for 45 s. At the final cycle, the reaction
was extended at 72°C for 10 min. Primer sets LF/IB, IF/LB, and LF/LB generated
306-, 200-, and 384-bp PCR products, respectively. Three PCR products were
individually subcloned. Combination of the 306- and 200-bp products in pBlue-
script SK (2) vector (Stratagene, La Jolla, Calif.) generated a 512-bp IFN-g
competitor construct including six additional nucleotide sequences from pBlue-
script vector. Efficiency of coamplification of cellular and competitor IFN-g was
examined as described by Sun et al. (36). Both cellular and competitor forms of
IFN-g were exponentially amplified up to 35 cycles, and the ratio of target to
competitor remained constant (1.25 6 0.12 [mean 6 standard deviation {SD}]).
Various concentrations of competitor IFN-g were coamplified with a fixed con-
centration of endogenous IFN-g and vice versa. Amplification of 100 fg of
cellular IFN-g was equivalent to that of 50 fg of competitor (data not shown).

For comparison of IFN-g gene expression between virus-free and IBDV-
infected chickens, spleens and bursae were excised at 1, 2, 3, 4, 5, and 7 days p.i.
Total RNA was isolated from 5 million lymphoid cells by using TRIzol (Gibco-
BRL). Four micrograms of total RNA was converted to cDNA by Superscript II
reverse transcriptase (GibcoBRL). The quantity of cDNA in each sample was
normalized by the levels of b-actin expression. Appropriate amounts of cDNA
from spleens and bursae were coamplified in the presence of known concentra-
tions of the competitor by Takara ExTaq polymerase (2 U; Takara Biomedicals,
Shiga, Japan). Various concentrations of the competitor were added to PCR
mixtures containing cDNA from bursal or splenic mRNA and subjected to PCR
for 30 cycles as described above. The primer set LF/LB coamplified coding
regions of cellular IFN-g (384 bp) and competitor (512 bp). The PCR products
were separated by electrophoresis on 3% agarose gel and stained with ethidium
bromide. Densitometric analysis of IFN-g gene expression was performed with
the NIH Image 1.62 program (www.rsb.info.nih.gov/nih-image/download.html).
The expression levels of IFN-g in splenocytes and bursacytes of virus-free and
IBDV-infected chickens were determined by identifying corresponding concen-
trations of the competitor.

Lymphoproliferation assay. Spleens and bursae were harvested at 7 days p.i.
when peak levels of T cells were detected in bursae of IBDV-infected chickens
(Fig. 1). Four bursae were pooled to obtain adequate numbers of viable cells for
the assay (three pools per group). Lymphoid cells of bursae and spleens were
prepared and suspended in RPMI 1640 supplemented with 2% FBS, 2 mM
L-glutamine, penicillin (100 U/ml), and streptomycin (10 ng/ml). Cells (5 3 105

cells/well) were seeded in 96-well culture plates. The cells were treated with
medium, ConA (5 mg/ml), or various concentrations of purified IM-IBDV,
NDV-B1, or FPV in triplicate. After 48 h of incubation, the cells were pulsed
with 1 mCi of [3H]TdR (ICN Pharmaceuticals) per well for an additional 5 h.
Lymphoproliferation was measured as counts per minute by a Matrix 9600 beta
counter (Packard Instrument Co., Meriden, Conn.).

Bioassay for NOIF. Cell culture supernatants were obtained from splenic and
bursal cells of virus-free or IBDV-infected chickens after 24 h of incubation with
RPMI 1640 medium supplemented with 2% FBS. NO-inducing factor (NOIF)
activity in culture supernatants was measured as described previously (18).
Briefly, NCSU cells, a chicken mononuclear cell line (2 3 104/well), were seeded
in 96-well plates. One hundred microliters of culture supernatant of each sample
was added to the plates and incubated for 24 h. Conditioned medium (CM) from

FIG. 1. Lymphocyte subpopulations in the bursae following IBDV exposure. At 1, 2, 4, 5, 7, 14, and 21 days p.i., bursal cells from virus-free control and
IBDV-infected chickens were stained with monoclonal antibodies against chicken m chain (A), CD4 (B), and CD8 (C). The results presented are the mean of three
pools of each group (four chickens per pool) 6 SD. Asterisks indicate statistically significant differences between virus-free and virus-exposed groups (P , 0.03).
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ConA-stimulated uninfected splenocytes and various concentrations of sodium
nitrite were included as a positive control. Griess reagent (100 ml/well, 1:1
mixture of 1% sulfanilamide in 5% phosphoric acid and 0.1% naphthylenedia-
mine dihydrochloride in deionized water) was added to the plates. OD was
measured at 570 nm. Nitrite concentrations in the supernatant were calculated
based on the standard curve generated with sodium nitrite.

Bioassay for IL-6. Interleukin-6 (IL-6)-like activity in cell culture supernatants
obtained as described above was tested by B9 cell (a murine hybridoma B-cell
line) proliferation as described previously (34). B9 cells were a gift from G. R.
Bayyari (U.S. Department of Agriculture, Agricultural Research Service, Little
Rock, Ark.), who obtained the cells from J. Epstein (Arkansas Medical Center,
Little Rock). Cells were maintained in culture with Dulbecco modified Eagle
medium–F-12 (1:1, vol/vol) containing 10% FBS. For IL-6 bioassay, B9 cells were
suspended with RPMI 1640 supplemented with gentamicin (25 mg/ml), 2 mM
glutamine, 50 mM b2-mercaptoethanol, and 15 mM HEPES. Fifty thousand cells
per 100 ml were added to each well of 96-well plates. An equal volume of twofold
serially diluted cell culture supernatants was added, and the plates were incu-

bated for 72 h. For the final 5 h of incubation, MTT (3-[4,5-dimethylthiazol-2-
yl]-3, 5-diphenyltetrazolium bromide; 50 mg/100 ml; Sigma) in 13 PBS was added
to each well. Proliferation of B9 cells was measured by OD at 570 nm. CM and
a serial dilution of recombinant human IL-6 (100 U/ml; R&D Systems, Minne-
apolis, Minn.) were included in each plate to serve as positive controls.

Effects of CsA on IBDV-infected chickens. One-week-old chickens were intra-
muscularly injected with 100 mg of cyclosporin A (CsA; Sandoz Pharmaceuticals
Co., East Hanover, N.J.) per kg of body weight as described by Nowak et al. (30).
Chickens had four consecutive injections of CsA at 3-day intervals. Immediately
after the final injection of CsA, chickens were bled and inoculated with Bursine
2-IBDV or PBS. The effects of CsA were examined by FACS analysis to estimate
the number of T cells in blood and by ConA-induced lymphoproliferation of
peripheral blood lymphocytes (PBLs). Four chickens per group were examined
at 5 and 7 days p.i. by immunohistochemistry as described previously (24, 37) for
the quantity of viral antigens and the number of T cells in the bursa.

Enzyme-linked immunosorbent assay (ELISA) to detect antibody against
IBDV. Sera were obtained from CsA-treated and untreated chickens at 2, 3, 5,

FIG. 2. Histopathological changes in the bursa after IBDV infection. At 7 days p.i., bursal sections of virus-free control (a, c, and e) and IBDV-infected (b, d, and
f) chickens were examined. Bursal sections were stained with hematoxylin and eosin (a and b), anti-m-chain antibodies (c and d), and anti-CD3 antibodies (e and f).
Arrows mark dark cells that are positively stained cells by antibodies in panels c to f. Magnification, 3200.
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and 7 weeks p.i. To quantitate antibody against IBDV in sera, the ProFLOK
infectious bursal disease (IBD) virus antibody test kit (Synbiotics Co., Kansas
City, Mo.) was used as described previously (24). This kit detects both virus-
neutralizing and nonneutralizing antibody.

Statistical analysis. A two-tailed t test was used to detect significant differ-
ences (P , 0.05) between IBDV-infected and uninfected chickens. Analysis of
variance ANOVA was used to compare the variance of counts per minute of
PBLs between CsA-treated and untreated chickens. Data from ELISA titers
were analyzed by the Tukey test for multirange data analysis.

RESULTS

Exposure to IBDV resulted in infiltration of T cells into the
bursa. To determine when the maximal numbers of T cells
infiltrated the bursa, bursae were examined sequentially over a
21-day period after IBDV infection. Single-cell suspensions of
bursal tissues were prepared at intervals following IBDV in-
fection and were examined by FACS using antibodies against
IgM, CD4, and CD8. As shown in Fig. 1, the proportion of B
cells in the bursae of virus-free chickens ranged from 63 to

84% (Fig. 1A). These values were consistent with the pub-
lished values (4, 31). In contrast, by 7 days p.i., the proportion
of B cells in the bursa of IBDV-infected chickens had dropped
to 7%. The levels of B cells remained below 35% of total bursal
cells for the observation period. Detectable increases of bursal
T-cell numbers were first observed at 4 days p.i., whereas by

FIG. 3. IL-6-like factor activity in culture supernatants at 5 and 7 days p.i.
(5D and 7D PI), measured by the proliferation of IL-6-dependent B9 cells. Cell
proliferation was measured by MTT incorporation assessed as the OD at 570 nm.
The results represent three separate experiments (mean OD 6 SD). Recombi-
nant human IL-6 (rhIL-6; 10 U/ml) and CM were included as positive controls.
Asterisks indicate significant differences between virus-free and IBDV-infected
groups (P , 0.05).

FIG. 4. NOIF released from cultured bursal cells and splenocytes. At 5 and
7 days PI (5D and 7D), splenic and bursal cells from virus-free and IBDV-
infected chickens were cultured at 39°C for 24 h in RPMI 1640 without phenol
red. The supernatants were removed and added in triplicate to NCSU cells (2 3
104/well). Following 24 h of incubation, nitrite concentrations in the supernatants
(100 ml/well) were measured by a microtiter reader at 570 nm. As a positive
control, CM obtained from ConA-stimulated splenocytes was included. The data
are shown as the mean of each group (6SD, n 5 3). Asterisks indicate significant
differences between virus-free and IBDV-infected groups (P , 0.05).

FIG. 5. Upregulation of IFN-g gene expression in IBDV-infected chickens.
At 1, 2, 3, 4, 5, and 7 days p.i., equal quantities of total mRNA from spleens and
bursae were amplified with IFN-g-specific primers in the presence of various
concentrations of IFN-g competitor as described in Materials and Methods.
Quantitation of IFN-g gene expression in spleens (A) and bursae (B) from the
IBDV-infected group is presented as mean fold increase (6SD) in comparison
to expression levels of the virus-free group at the corresponding time points
(n 5 3).

TABLE 1. Expression of CD25 and Ia on T cells in the bursa
at 7 days after IM-IBDV infectiona

Source of cells

% Double-positive cells staining with antibody to:

CD25 and
CD4

CD25 and
CD8

Ia and
CD4

Ia and
CD8

Spleen
Virus free 1.2 6 0.4 1.0 6 0.5 11.2 6 2.6 8.7 6 1.8
IBDV exposed 4.5 6 0.8* 3.2 6 1.2* 13.8 6 3.2 10.4 6 2.1

Bursa
Virus free 0.8 6 0.1 0.6 6 0.3 1.2 6 0.7 1.4 6 0.8
IBDV exposed 8.6 6 2.3* 11.7 6 1.9* 14.3 6 2.6* 16.8 6 1.7*

a Spleens and bursae of virus-free or IBDV-exposed chickens were harvested,
and the lymphocytes were analyzed by two-color FACS analysis. Proportions of
double-positive cells with T-cell markers (CD4 or CD8) and activation markers
(Ia or CD25) were estimated. The results are presented as the mean 6 SD of
four pools of each group. Asterisks indicate significant difference from values for
virus-free splenic T cells (P , 0.03).
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immunohistochemistry, T-cell infiltration was noted at 1 day
p.i. (37). The numbers of both CD41 and CD81 T cells
reached peak levels at 7 days p.i. (52 and 59%, respectively)
(Fig. 1B and C). Although at 2 weeks p.i. and later, the pro-
portions of CD81 bursal T cells were higher than those of
CD41 T cells in IBDV-infected chickens, no apparent differ-
ences in the ratios of CD81 to CD41 T cells were detected for
the first 7 days p.i. (the mean CD8/CD4 ratio was 1.4 6 0.2).
After 7 days p.i., the relative numbers of bursal CD41 T cells
declined and remained at approximately 10% of total bursal
cells. In contrast, the relative numbers of bursal CD81 T cells
remained above 20% through the observation period. In virus-
free chickens, T cells constituted less than 5% of the total
bursal cell population.

Immunohistopathological changes in the bursae were exam-

ined, and representative bursal sections prepared at 7 days
after IBDV infection are shown in Fig. 2. IBDV caused exten-
sive necrosis of bursal follicles (Fig. 2a and b) and marked
reduction in the numbers of IgM1 cells (Fig. 2c and d). In
contrast, IBDV infection induced an increase in the number of
CD31 cells in the bursa (Fig. 2e and f).

Intrabursal T cells of IBDV-infected chickens were acti-
vated. We suspected that bursal T cells may be involved in
protective immune responses against the virus. To identify the
role of T cells in the pathogenesis of IBDV, we first needed to
understand the characteristics of the intrabursal T cells.
Splenic and bursal T cells, obtained at 7 days after IBDV

FIG. 6. Proliferation of bursal and splenic cells following stimulation by purified virus ex vivo. Spleen (Spl) and bursal (BF) cells were prepared from both virus-free
and IBDV-infected chickens at 7 days p.i. The cells were stimulated with various concentrations of purified IM-IBDV for 48 h and pulsed with [3H]TdR for 5 h (A);
to determine the specificity of lymphoproliferation, purified FPV (25 mg/ml) and NDV (25 mg/ml) were included with IBDV (25 mg/ml) (B). The results are presented
as mean counts of three pools in each group 6 SD (P , 0.02).

TABLE 2. Effect of CsA on mitogenic response of PBLsa

Group Chicken
no.

Lymphoproliferation (cpm)b

SIc

Medium ConA (5 mg/ml)

None 1 3,257 6 538 64,190 6 18,621 19.7
2 2,829 6 1,033 107,467 6 10,042 38.0
3 3,533 6 273 102,887 6 7,894 29.1

Mean 3,206 6 354 91,514 6 23,774 28.5

CsA 1 336 6 55 2,874 6 410 7.8
2 458 6 151 2,352 6 149 5.1
3 663 6 219 5,147 6 944 7.8
4 350 6 133 1,926 6 303 5.5
5 337 6 83 5,144 6 504 15.3

Mean 429 6 140* 3,489 6 1,549* 8.1

a Blood was obtained 1 h after the final injection of CsA. PBLs (5 3 105) were
separated and incubated with and without ConA (5 mg/ml) for 48 h. For the final
5 h of the incubation, cells were pulsed with 1 mCi of [3H]thymidine and radio-
activity was measured by a beta counter.

b Mean 6 SD of triplicate cultures. Means between groups were compared by
analysis of variance. Values for the CsA-treated group were significantly different
from values for the untreated group, as indicated by asterisks (P , 0.05).

c Stimulation index (SI) 5 mean cpm of wells with ConA/mean cpm of wells
with medium only.

TABLE 3. Numbers of T cells in bursae of CsA-treated
and untreated chickensa

Days p.i. Chicken
no.

Mean no. of T cells/field 6 SD

Virus
free

Bursine
2-IBDV

CsA 1 Bursine
2-IBDV

5 1 14 6 6 144 6 39 113 6 56
2 20 6 9 177 6 72 75 6 48
3 ND 170 6 92 81 6 24
4 ND ND 123 6 55

Mean 17 6 9 164 6 70b 98 6 50b

7 1 5 6 2 150 6 54 55 6 12
2 6 6 3 234 6 103 86 6 34
3 ND 115 6 37 70 6 37

Mean 6 6 3 166 6 85b 70 6 31c

a Chickens pretreated with and without CsA were inoculated with Bursine
2-IBDV (1,000 EID50) by eye drop. At 5 and 7 days p.i., frozen bursal sections
were cut at 4-mm thickness and T cells were detected by immunohistochemistry.
Ten randomly selected fields (3400) per section were examined to enumerate
positively stained cells. Values were compared between groups at each time
point. Two-tailed t test was used to detect statistical significance between CsA-
treated and untreated groups. ND, not determined.

b Mean values between groups significantly different from “Virus free” value
(P , 0.05).

c Mean values between groups significantly different from “Bursine 2-IBDV”
value (P , 0.05).
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infection, were examined for surface expression of the chicken
MHC class II molecule Ia and the IL-2 receptor, CD25. Acti-
vated avian T cells are known to upregulate the expression of
Ia and CD25 (10, 15). Cells from bursae and spleens of IBDV-
infected chickens had significantly increased levels of Ia and
CD25 expression in comparison with the cells from virus-free
chickens (P , 0.03); in IBDV-infected chickens, the propor-
tion of cells expressing CD25 in the bursae was significantly
higher than those of the cells in spleens of the same birds (P ,
0.05) (Table 1).

In IBDV-infected chickens, spleen and bursal cells had in-
creased production of IL-6, NOIF, and IFN-g. At 5 and 7 days
p.i., spleen and bursal cells of IBDV-infected chickens had
significantly higher levels of IL-6-like-activity than the super-
natants from splenic and bursal cells of virus-free chickens

(P , 0.03) (Fig. 3). Supernatants from in vitro cultures of
bursal cells from IBDV-infected chickens had significantly
higher NOIF activity than the corresponding cultures of cells
from virus-free chickens (P , 0.01) (Fig. 4). Unlike bursacytes,
splenocytes from IBDV-infected chickens did not produce de-
tectable NOIFs. To detect IFN-g activity in IBDV-infected
chickens, culture supernatants obtained from bursal cells at 7
days p.i. were tested for biological activity of IFN-g. IFN-g is
important in the induction of antiviral effects by immune cells
such as macrophages and cytotoxic T lymphocytes (CTLs). The
supernatants lacked detectable IFN-g activity by the virus pro-
tection assay (data not shown). However, competitive quanti-
tative RT-PCR revealed that at 2 days p.i., both bursal and
spleen cells had upregulated IFN-g gene expression (Fig. 5). In
the bursal cells of IBDV-infected chickens, expression of the

FIG. 7. Detection of T cells and viral antigens in the bursae of CsA-treated, IBDV-infected chickens. At 7 days p.i., bursal sections of virus-free (a and b;
magnification, 3400) and IBDV-infected chickens with (e and f; 3200) and without (c and d; 3200) CsA treatment were prepared. The bursal sections were stained
with either rabbit anti-IBDV antibodies (a, c, and e) or mouse anti-chicken CD3 antibodies (b, d, and f). Dark spots indicate positively stained cells.
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IFN-g gene peaked at 2 days p.i. At peak expression, the
upregulation of the IFN-g gene by the bursal cells of IBDV-
infected chickens was 100-fold greater than that of virus-free
chickens. In splenocytes of IBDV-infected chickens, a 10-fold
increase of IFN-g gene expression was observed at 2 days p.i.
Expression of the IFN-g gene in spleen cells peaked at 3 days
p.i. (40-fold increase) and diminished to background levels at
7 days p.i.

Because intrabursal T cells were activated and produced
cytokines, we further investigated if the activated T lympho-
cytes in the bursae of IBDV-infected chickens would prolifer-
ate in vitro in response to IBDV. At 7 days p.i., splenocytes and
bursacytes were stimulated with various concentrations of pu-
rified IBDV in vitro. As shown in Fig. 6, proliferation of
bursacytes was dose dependent and specific to IBDV (P ,
0.02). Stimulation with unrelated viruses such as NDV-B1 and
FPB did not induce proliferation. Further, splenocytes from
IBDV-infected chickens did not respond in vitro to IBDV.

T-cell deficiency resulted in increased virus burden in the
bursae of IBDV-infected chickens. Because intrabursal T cells
were activated, produced cytokines, and responded to IBDV in
vitro, we speculated that these T cells may be involved in
protective host immune responses against the virus. To exam-
ine the possible role of bursal T cells in virus clearance, im-
munocompromised chickens were generated by CsA treat-
ment. Chickens were pretreated with CsA prior to IBDV
infection. CsA treatment significantly reduced the number of
CD31 cells in peripheral blood from 31.2 6 3.2 (n 5 3) in
untreated chickens to 13.5 6 3.3 (n 5 6) in CsA-treated chick-
ens (P , 0.05) and inhibited ConA-mediated lymphoprolifera-
tion (Table 2). These results indicated that CsA downregulated
T cells in chickens. Microscopic examination of bursae from
IBDV-exposed chickens revealed that the CsA-treated chick-
ens had fewer infiltrating T cells than the untreated chickens
(Table 3; Fig. 7d and f). At 5 and 7 days p.i., the number of
virus-positive cells in the bursae was greater in the CsA-treated
chickens than in the untreated chickens (P , 0.03) (Table 4;
Fig. 7c and e). Data indicated that T cells were important in
control of viral replication.

Further anti-IBDV antibody levels in sera were determined
to examine if experimentally induced T-cell deficiency affected
antibody production. The ELISA detected anti-IBDV IgG but
not IgM. At 2, 3, 5, and 7 weeks p.i., CsA-treated and -un-
treated chickens had comparable levels of anti-IBDV antibody

(Fig. 8). Virus-free chickens produced no detectable level of
antibodies against IBDV.

DISCUSSION

We previously showed that IBDV replication in the bursa of
Fabricius was accompanied by an infiltration of T cells (37).
Colocalization of T cells with replicating virus suggested that T
cells may be involved in the host defense. In the present study,
we examined characteristics of IBDV-induced T cells and their
possible protective role in IBD.

We noted that the number of intrabursal T cells peaked at 7
days p.i. T cells recovered from specific-pathogen-free chick-
ens at 7 days p.i. were activated, produced cytokines when
cultured in vitro, and proliferated when stimulated with puri-
fied IBDV ex vivo. These characteristics of intrabursal T cells
suggested that T cells may be involved in antiviral immune
responses. Our preliminary results with experimentally immu-
nocompromised chickens supported the notion of a protective
role of bursal T cells. We treated chickens with CsA before
exposure to IBDV. CsA has been known to selectively suppress
T-cell function by inhibiting expression of IL-2 receptor and by
blocking IL-2-mediated signal transduction (19, 33, 44). In our
study, CsA treatment caused a detectable T-cell deficiency in
chickens. Chickens treated with CsA had reduced numbers of
circulating T cells and responded poorly to a T-cell mitogen.
Exposure of CsA-treated chickens to IBDV resulted in re-
duced numbers of intrafollicular T cells and increased viral
burden in the bursa. The results shed new light on the impor-
tance of cell-mediated immunity in the pathogenesis of IBDV,
a naturally occurring immunosuppressive virus of chickens that
causes a lytic infection in B cells.

Our data with T-cell-compromised chickens showed that
cellular immunity may promote defense against IBDV. We did
not examine the mechanism by which T cells mediated this
defense. T helper (Th2) and/or T cytotoxic (Th1) functions
may be important. Both functions have been shown to modu-
lated viral pathogenesis (1, 6). CD4 cells in the bursa may
provide signals required for isotype switch of B cells to pro-
mote protective antibody production. Although no significant

TABLE 4. Effect of CsA on viral replication in the bursaa

Days p.i. Chicken
no.

No. of virus-infected cells/field 6 SD

Bursine
2-IBDV

CsA 1 Bursine
2-IBDV

5 1 122 6 29 237 6 51
2 148 6 39 232 6 38
3 154 6 37 352 6 67
4 ND 340 6 92

Mean 141 6 17 290 6 65*

7 1 93 6 51 126 6 37
2 93 6 52 106 6 21
3 75 6 26 118 6 31

Mean 87 6 10 117 6 10*

a Ten randomly selected fields (3400) per section were examined to enumer-
ate cells positively stained with anti-IBDV antibodies. Positively stained cells
were not detected in the bursae of virus-free chickens. The data were analyzed
by the two-tailed t test. Statistical differences between mean values of the CsA-
treated and untreated groups are indicated by asterisks (P , 0.05). ND, not
determined. FIG. 8. Antibody production against IBDV in CsA-treated chickens. At 2, 3,

5, and 7 weeks p.i., sera of CsA-treated and untreated, Bursine 2-IBDV-infected
chickens were examined by ELISA for anti-IBDV antibody levels. The results are
presented as mean titer of the groups (6SD) at each time point (n 5 8). Values
for CsA-treated chickens were not significantly different from those for untreated
control chickens (P . 0.05).
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difference was detected in total anti-IBDV antibody levels de-
tectable by ELISA between CsA-treated and untreated groups,
virus-neutralizing antibody levels may have been different be-
tween the groups. In murine lymphocytic choriomeningitis vi-
rus infection, CTLs and natural killer cells play a crucial role in
clearance of the virus during the acute phase of infection (3).
The appearance of CD81 T cells in IBDV-infected bursal
follicles and an upregulation of IFN-g gene in bursal cells
strongly suggested viral clearance by CTLs. Additional studies
are needed to examine bursal T cells for cytotoxic activity.
Unfortunately, IBDV-specific CTL assay is not currently avail-
able due to lack of MHC-matching target cells. Autologous
target cells including macrophages and B cells from spleens
were not available during acute infection because of extensive
apoptosis and lysis resulting from lytic viral infection (data not
shown).

In the present study, we noted a discrepancy in functional
characteristics of splenic T cells and bursal T cells of IBDV-
exposed chickens. In contrast to the bursal T cells that prolif-
erated in vitro in response to purified IBDV, the splenocytes
showed no detectable virus-specific proliferation. The reason
for our inability to detect virus-specific T cells in the spleen is
not clear. Several factors may have been involved. (i) Repli-
cating IBDV may stimulate bystander T-cell expansion. Be-
cause IBDV replicated much more extensively in the bursa
than in the spleen, virus-specific T-cell numbers may be ex-
tremely low in the spleen and virus-specific clonal expansion
may be masked in pools of other lymphoid cells. (ii) Splenic
T-cell responses may have been suppressed by macrophage-
derived suppressor factors such as NO as proposed previously
(24, 37). (iii) Virus-specific T cells home preferentially to the
principal site of virus replication, i.e., the bursa of Fabricius.
Although our data provide preliminary evidence that T-cell
immunity may be important for host defense in IBD, the pos-
sibility cannot be excluded that IBDV-induced T cells may
exacerbate bursal lesions. Cytotoxic T cells may promote lysis
of virus-infected bursal cells. Alternatively, an influx of proin-
flammatory cytokines may enhance tissue destruction. We have
shown that IFN-a/b, IL-6, and IL-8 are upregulated in IBDV-
exposed chickens (23). T-cell-derived cytokines may also acti-
vate macrophages and induce macrophages to produce NO.
NO production may promote tissue destruction (9). We have
obtained preliminary evidence that chickens treated with NG-
nitro-L-arginine methyl ester (a nitric oxide synthetase inhibi-
tor) before exposure to IBDV had much less bursal necrosis
and lower levels of viral antigen than the untreated, virus-
infected chickens (43).

In this study, we demonstrated that IBDV-induced intrabur-
sal T cells were activated, produced cytokines, and proliferated
in vitro in response to stimulation with IBDV. These results
strongly suggest a modulating role of T cells in IBDV patho-
genesis. Further studies are needed to identify underlying
mechanisms of T-cell involvement.
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