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Summary. Infectious bursal disease virus (IBDV) induces an acute, highly
contagious immunosuppressive disease in young chickens. We examined the role
of T cells in IBDV-induced immunopathogenesis and tissue recovery. T cell-intact
chickens and birds compromised in their T cell function by a combination of sur-
gical thymectomy and Cyclosporin A treatment (Tx-CsA) were infected with an
intermediate vaccine strain of IBDV (Bursine 2, Fort Dodge). Our data revealed
that functional T cells were needed to control the IBDV-antigen load in the acute
phase of infection at 5 days post infection. The target organ of IBDV, the bursa of
Fabricius, of Tx-CsA-birds had a significantly higher antigen load than the one of
T cell-intact birds ¢ < 0.05). Tx-CsA-treatment abrogated the IBDV-induced
inflammatory response and significantly (< 0.05) reduced the incidence of
apoptotic bursa cells and the expression of cytokines such as interleukin 2 (I1L-2)
and interferony (IFN-vy) in comparison to T cell-intact birds. T cell-released IL-2
and IFN-y may have mediated the induction of inflammation and cell death in
T cell-intact birds. The IBDV-induced upregulation of tumor necrosis like-factor
(TNF) expression was comparable between T cell-intact and Tx-CsA-birds. Tx-
CsA-birds showed a significantly faster resolution of IBDV-induced bursa lesions
than T cell-intact birds® < 0.05). This study suggests that T cells modulate
IBDV pathogenesis in two ways: a) they limit viral replication in the bursa in the
early phase of the disease at 5 days post infection, and b) intrabursal T cells pro-
mote bursal tissue damage and delay tissue recovery possibly through the release
of cytokines and cytotoxic effects.

*Present address: Klinik fur Gefliigel, Tierarztliche Hochschule Hannover, Blinteweg 17,
30559 Hannover, Germany.
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Introduction

Infectious bursal disease (IBDV), a member of Bienaviridae family, whose
genome consists of two segments of double-stranded RNA, causes an acute, highly
contagious and immunosuppressive disease in young chickens [29]. The main
target cells for IBDV replication are the actively dividing B lymphocytes; thus
infection leads to the destruction of lymphoid cells in the bursa of Fabricius. Other
lymphoid organs such as cecal tonsils are also affected by IBDV, but there virus
replication and damage of lymphoid cells was less extensive and recovery was
more rapid than in the bursa [40, 46]. The acute phase lasts one to two weeks
and is often accompanied by variable mortality. In birds that survive the acute
infection, virus replication subsides, and the depleted bursal follicles become
repopulated with B cells and immune competence returns to levels of uninfected
hatch mates [20]. The mechanisms of bursa destruction and subsequent recovery
are not understood. Chickens infected with IBDV mount a vigorous anti-IBDV
antibody response [29] that is critical for host defense.

Normal chickens have very few resident bursal T cells [26, 36, 44]. However,
studies in our laboratory demonstrated that replication of IBDV in the bursa is
accompanied by an influx of T cells at the site of virus replication [22, 44]. These
IBDV-induced intrabursal T cells consist of both Cb&nd CD8t- T cells, which
are activated and can proliferag& vivoafter stimulation with IBDV [22]. The
role of these T cells in IBDV pathogenesis and recovery is not known. T cells
may contribute to the induction of lesions. They were shown to induce severe
tissue damage in Herpes simplex virus (HSV), HIV, or Coxsackievirus infections
[5, 24, 25, 31]. Our objective was to study the role of T cells in IBDV-induced
pathogenesis and recovery using a T cell-compromised chicken model. Our study
suggests that T cells modulate IBDV pathogenesis by limiting viral replication in
the bursa in the early phase at 5 days following infection. But intrabursal T cells
also promoted bursal tissue damage and delayed tissue recovery.

Materials and methods
Chickens

Specific pathogen-free (SPF) chickens or embryonated eggs from HyVac (Gowrie, IA, USA)
were used. Chickens were hatched and reared in Horsfall-Bauer-type isolation units for the
duration of the study. The birds were given food and watktibitum Birds for different
experimental groups were housed in separate isolation units.

Thymectomy and Cyclosporin A (Tx-CsA) treatment

At one day post hatch, chickens were surgically thymectomized following procedures previ-
ously published [7, 38]. Briefly, the chickens were anesthetized by intramuscular injection of
0.1to 0.15 ml of sodium pentobarbital solution (16 mg/ml). After opening the neck via dorsal
incision, thymus lobes running beside the carotid arteries were removed with forceps. The
wound was closed with surgery clamps. Starting from 7 days after the operation, the birds
were treated with 100 mg/kg body weight (BW) of Cyclosporin A (CsA) intramusculary
every 3 to 4 days throughout the duration of the experiments [32]. One or two days fol-
lowing the 3¢ CsA injection, chickens were examined for circulating T cells and mitogenic
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responses. During the first 2 weeks of the experiment, chickens were given antibiotics in the
drinking water to prevent bacterial infections.

Virus

Acommercial vaccine strain of IBDV (IBDV-Bursine 2, Fort Dodge, IA, USA) of intermediate
pathogenicity, which was propagated and titrated in embryonated chicken eggs, was used
[40, 44, 45]. Theintermediate IBDV straininduces significantinfiltration of T cells inthe bursa

of Fabricius [44]. At 20 days post hatch, T cell-intact and Tx-CsA-birds were intraocularly
inoculated with 18 embryo infectious dose (Elgybird of IBDV.

H&E staining and in situ apoptosis assay

For the detection of histopathological lesions, the bursa of Fabricius was collected, fixed in
10% phosphate-buffered formalin and stained with hematoxilin and eosin (H&E). Lesions
were observed microscopically and lesion scores were determined and compared between
groups [20, 40].

The TUNEL method was applied fam situ detection of apoptotic cells in the bursa of
Fabricius by using the Apopt&dit (Oncor) [45].

In situ detection of IFNy and IL-2 like factor

Oligonucleotides (of 20 nucleotides) were designed as antisense probes based on published
cDNA sequences of IL-2-like factor [6, 43] and IFN[9] (Table 1). The probes were used as

an oligonucleotide cocktail of 3 twentymers per cytokine selected from conserved regions of
the cytokine (Table 1). The probes were labeled with digoxigenin (DIG) following the pro-
tocol for DIG oligonucleotide tailing provided by the manufacturer (Roche). ifhsitu
hybridization protocol followed previously published procedures by Njenga et al. [34].
Briefly, frozen tissues were sectioned and fixed in ice cold 4% paraformaldehye for 5 min.
The slides were digested withu3 of proteinase K per ml at 3C for 30 min, were washed

with phosphate buffer, were acetylated for 10 min in 0.1 M triethanolamine, pH 8.0, con-
taining 0.25% acetic anhydride and were washed, dehydrated in ascending series of ethanol,
and then air dried. Sections were incubated for 2 h &C3ih prehybridization solution as
described [34]. After prehybridization, slides were incubated in a moist chamber over night
at 37°C with 100ul/slide of hybridization solution containing a 1:150 dilution of the three
DIG-labeled oligonucleotides (100 pmol of labeled oligonucleotide) for each cytokine de-
tection. The hybridization solution consisted of 50% formamide, 10 mM Tris-HCI (pH 7.6),
200g of tRNA per ml, 50Qug of fragmented salmon sperm DNA per mikDenhardt’s
solution, 600 mM NaCl, 1 mM EDTA and 10 mg/ml of yeast tRNA, 10% Dextran sulfate
0.01 M dithiothreitol (DTT) and 0.25% sodium dodecyl sulfate (SDS) [31]. After hybridiza-
tion, the slides were washed twice for 15 min each wi#5C (0.3 M NaCl plus 0.3 mM
sodium citrate) at 37C, twice with 1x SSC and twice with 0.26SSC. Hybridized probes

were detected with anti-DIG antibodies coupled to alkaline phosphatase and were developed
according to the manufacturer’s instruction (DIG Nucleic Acid Detection Kit, Roche). Cock-
tails of 3 DIG-labeled sense probes each were used as negative controls for hybridization
(Table 1). These sense probes were designed based on the sense sequence of the IFN and
IL-2 cDNA and corresponded to the oligonucleotides used as probes in this study (Table 1).
The number of signal-positive cells was counted in 20 randomly chosen fields of two sec-
tions per bird at a magnification of 250A bird was considered to be positive for cytokine
up-regulation when more than 2 positive cells were found per section.
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Table 1. Oligonucleotide probes and primers used in this study

Primer/probe Size (bp) Direction GenBank Sequence

acc. no.
IFN-y1 20 antisense U27465 '-BAATGACTT GAG TTAAAG TC-3
IFN-y2 20 antisense U27465 '-B3TT CTCTCT GTCCAGTTCTT-3
IFN-v3 20 antisense U27465 '-BAAGAGTTCATT CGC GGCTT-3
IL-2-1 20 antisense AF017645 '-BTA CAG CCA AAG ATC AGT AC-3
IL-2-2 20 antisense AF017645 '-&TT GGT GTG TAG AGC TCG AG-3
IL-2-3 20 antisense AF017645 -ETC ACAAAG TTG GTC AGT TC-3
IFN-vy4 20 sense U27465 'BSACTTTAAC TCAAGT CATTC-3
IFN-vy5 20 sense U27465 'BAG AAC TGG ACA GAG AGA AA-3’
IFN-v6 20 sense U27465 'B\A GCC GCG AAT GAACTCTTC-3
IL-2-4 20 sense AF017645 'STACTGATC TTT GGC TGT AT-3
IL-2-5 20 sense AF017645 'HC GAG CTC TAC ACA CCAAC-3
IL-2-6 20 sense AF017645 "&AA CTCACCAACTTT GTG AG-3
IBDV-1 26 sense D10065  'BATA TAT GAA TTC GAT CGC ATC GAT GA-3
IBDV-2 26 antisense D10065 '&TC GAG TTA CCT TAT GGC CCG GAT TA-3
GADPH-1 17 sense M11213 '&BGG TGG AAA GTC GGA GT-3
GADPH-2 20 antisense M11213 ’'-8AA GAT AGT GAT GGC GTG CC-3
IBDV-probe 26 sense D10065 '(BAM)-TCC CCT GAA GAT TGC AGG

AGC ATT TG-(TAMRA)-3’

GADPH- 20 sense M11213 '(BFAM)-CAA GTT TCC CGT TCT CAG CC-
probe (TAMRA)-3
TNF-1 21 sense M80573 'ACG CAC TCT CCA GCAAACATC-3
TNF-2 20 antisense M80573 '-BAT CTG GTT GGG GTT CGG AG-3

Activity assay for nitric oxide (NO)

Spleens from IBDV-infected and virus-free birds were harvested and crushed to make single
cell suspensions of splenocytes [16, 17]. The splenocyte suspension was layered on Ficoll-
Hypaque (Sigma, gradient density 1.090) and mononuclear cells were harvested after cen-
trifugation at 300& g for 10 min. 100ul of 5 x 10° cells/mlin RPMI 1640 supplemented with

5% fetal bovine serum (FBS) and antibiotics were seeded in 96-well plates. The cells were
treated with medium alone or with 1@/ml lipopolysaccharide (Sigma). After incubation for

48 h at 41°C, the cell culture supernatants were harvested and tested. Nitrite concentrations
were determined by mixing 104 cell culture supernatant with an equal volume of Griess
reagent [15—-17]. Sodium nitrite was used as a standard to determine NO concentrations. The
results are expressedjieM of NO.

Immunohistochemistry assay to detect intrabursal T cells and IBDV

The procedures have been described [20, 44]. Bursae of Fabricius were collected, snap frozen
in Tissue TeR optimum cutting temperature compound (Miles Inc., Elkhart, IN, USA),
sectioned and processed for immunohistochemical staining. T cells were examined using
monoclonal anti-chicken CD3 antibody (Southern Biotech). A polyclonal rabbit anti-IBDV
serum obtained from Dr. K. Tsukamoto, National Institute of Animal Health, Japan was used
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for IBDV detection [44]. The group means of the number of IBDV infected cells or€D3
cells per field at 400x were determined after counting 10 field/tissue/bird and compared.

Proliferation assay

Mitogenic responses of peripheral blood leukocytes were carried out as described
previously [16, 27]. Briefly, 1:10 dilutions of heparinized whole blood samples were stimu-
latedex vivowith 100g of concanavalin A (ConA)/ml at 4LC. After 43 h of incubation,

the cells were pulsed with dCi/well [3H]-thymidine for 5 h, harvested and counted in the
Matrix 9600'™ Direct Beta Counter (Packard Instrument Company, Meriden, CT).

Real time PCR

To quantitate the IBDV genome in the Tx-CsA and T cell-intact chickens, bursae of Fabricius
were collected for real-time PCR (Perkin-Elmer) [32]. IBDV RNA from the tissues was
isolated using a TRIz&Y reagent (Life Technologies, Gaithersburg, MD). The total RNA was
guantitated spectrophotometrically, reverse transcribed into cDNA using random hexamers
(SuperscriptM First Strand Synthesis System for RT-PCR, Life Technologies), amplified and
quantitated by real-time PCR using reagents from the Ta§NRER reagent kit (PE Applied
Biosystems). The PCR mixture (p) consisted of the following: & TagMar? buffer, 3 mM

MgCl; solution, 30QuM dATP, dCTP, dGTP, 60AM dUTP, 200 nM of each IBDV-specific
primer, or 200 nM of each GADPH-specific primer, 100 nM IBDV- or GADPH probe, 2.5
AmpliTaq Gold polymerase, 0.01 WAmpErase UNG and gl of the RT-product ata 1:10

and 1:100 dilution. GADPH was used as an internal standard. Primers used for amplification
of the VP2 gene of IBDV and of GADPH as well as the probes are listed in Table 1. Each
sample dilution was tested in triplicates for each primer set. The quantification was based
on the increased fluorescence detected by the ABI PRISM 7700 Sequence Detection System
(PE Applied Biosystems). The GADPH and IBDV concentration per sample was calculated
based on the threshold cycle value. The IBDV-genome load was determined by identifying
the ratio of internal standard GADPH and IBDV.

Detection of tumor necrosis factor (TNF) upregulation by RT-PCR

TNF gene expression was determined by RT-PCR following standard procedures. Briefly,
5wg of total bursal RNA was used for reverse transcription with Superstripgverse
transcriptase (Life Technologies) using random hexamers. Specific primers for chicken TNF
sequence and internal standard control GADPH were used to detect TNF cDNA in the samples
by PCR (Table 1). The PCR was conducted as follows: initial denaturatior? & f4 4 min,

and 30 cycles of 94C for 1 min, annealing at 60C for 30 sec, polymerization at 7€ for

1 min, and at the last cycle the reaction was extended &€ 7@r 10 min. The PCR products

were electrophoresed, stained with ethidium bromide and analyzed.

Flow cytometric analysis of lymphoid cell populations

Single cell suspensions of bursa cells were separated in a discontinuous density gradient using
Ficoll-hypaque [22]. We followed the protocol by Kim et al. [22] using directly FITC-labeled
monoclonal anti-chicken CD3, anti-chicken CD4 and CD8 antibodies (Southern Biotechn.).
Briefly, 1P cells were incubated with anti-chicken CD3-FITC, anti-chicken-CD4-FITC or
anti-chicken CD8-FITC for 30 min on ice. Following three washes with phosphate buffered
saline (PBS) containing 2% FBS, the cells were fixed with 4% paraformaldehyde and analyzed
by the FacsCalibur (Becton Dickinson) and CellQuest software (Becton Dickinson). Viable
lymphocytes were gated on the basis of forward and sideward scatter characteristics, and
10,000 events were analyzed for positive staining with FITC.
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Table 2. Experimental procedure (Experiments 1 and 2)

Day Events/Investigations

1 day PH TX

7-42 days PH CsA-treatment

18-19 days PH Flow cytometric analysis, mitogenic assay
20 days PH IBDV-inoculation

1,2,3,5,8,15, 22 days PI Mitogenic assay, Pathology, Histopathology, immunohistochemical
detection of IBDV, Cytokine detection

1,2,3,5,8, 15 days PI Nitric oxide assay, CD3-immunohistochemical detection, IBDV-
genome detection by Real time PAR situ apoptosis detection
15, 22 days PI Antibody detection by ELISA

PH post hatchPlI post IBDV-infection

Serology

Serum samples were collected at 15 and 22 days post IBDV infection and anti-IBDV antibody
titers were determined by using the IBDV antibody kit from Kirkegaard-Perry Laboratories
(KPL) detecting anti-IBDV-antibodies from the IgG-type. Meani@tBDV antibody titers

were calculated based on the manufacture’s instructions and compared by Stitdet’'s

Experimental procedure

Intwo repeat experiments (Table 2), 2.5 week old Tx-CsA-birds were tested for numerical and
functional T cell suppression by flow cytometric analysis and mitogenic assay. T cell function
was monitored by mitogenic assay through the duration of the experiment. During the peak of
mitogenic inhibition in Tx-CsA-chickens, 25 birds of each group were infected intraocularly
with 10° EIDsg of IBDV or diluent. At days 1, 2, 3, 5, 8, and 15 (Experiments 1 and 2) and
22 (Experiment 1) post infection (PI1), 5 birds per group were sampled and the following
observations were made: a) antigen load in the Bursa of Fabricius by immunohistochemistry
or real-time RT-PCR; b) pathological and histopathological lesions; c) cell death rate by
in situ TUNEL assay; and d) up-regulation of cytokines such as TNF, IL-2 and~Fiy-
RT-PCR andn situ hybridization, respectively (Table 2).

Statistical analysis

Group responses within experiments were analyzed by Studeess, Kruskal Wallis test
or chi-square test.

Results

Tx-CsA-treatment reduced the numbers and mitogenic responsiveness
of circulating T cells but not the numbers and function of B cells

CsA-treatment has been known to selectively suppress T cell function by inhibiting
expression of the IL-2 receptor and by blocking IL-2 mediated signal transduc-
tion [18, 48]. Tx-CsA induced a dramatic reductigh < 0.001) in the mitogenic
response of circulating chicken T cells, which lasted through the duration of the
experiments (Fig. 1) up to 22 days post IBDV-infection (data not shown). Using
the combination of surgical thymectomy and repeated CsA-treatment the number
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Fig. 1. Induction of T cell-immunodeficiency in chickens. Tx-Cs&hymectomized
and CsA-treated chickens; PBLperipheral blood leukocytes. At one day post hatch,
chickens were surgically thymectomized and then treated intramuscularly every 3—4 days
with 100 mg/kg body weight of Cyclosporin A (CsA). At various time points before and
after IBDV infection, chickens were examined for mitogenic responses. A whole-blood
mitogenic assay was performed using standard procedure. Presented is the average of stimu-
lation indices (counts per minutes of ConA-stimulated cells/counts per minute of medium-
incubated cells) of 10-20 chickens/group. Different superscript letters indicate significant
differences(P < 0.05). The mitogenic response in the Tx-CsA-treated groups was still
significantly suppressed at 22 days PI in comparison to T cell-intact controls (data not
shown,P < 0.05)

of circulating CD4+ cells was reduced by 6223 and CD&- T cells by 62+-20%.
In contrast the number of IgM cells (B lymphocytes), as measured by flow cyto-
metric analysis of pooled PBL samples, was not affected. Tx-CsA-treatment did
not affect the ability of B cells to produce antibodies against IBDV at 15 days PI.
At 15 days PI, IBDV-infected T cell-intact and Tx-CsA birds had serum anti-IBDV
lgG levels of log, of 3.8 £ 0.1 and 37 £ 0.1, respectively. Also at 22 days post
infection there were no significant differengds > 0.05) in anti-IBDV antibody
production (data not shown). Virus-free birds did not have detectable anti-IBDV
antibodies. Tx-CsA-treatment did not influence NO release by macrophages. In
fact, spleen cells from IBDV-infected Tx-CsA-birds released significantly higher
NO levels at 2 and 3 days PI aftex vivostimulation with LPS than spleen cells
from IBDV-infected T cell intact birds (Table 3 < 0.05). Despite the reduc-
tion in circulating T cells, similar T cell accumulation was noted in the bursa of
Fabricius of Tx-CsA-birds and T cell-intact chickens following IBDV infection
(Fig. 2).

T cell cytokines such as IFN-and IL-2 are known to be up-regulated in the
acute phase of IBDV infection [19, 22]. Tiresituhybridization results presented
in Table 4 confirmed this observation. Exposure of T cell-intact birds to IBDV
resulted in up-regulation of IFN-and IL-2 expression in the bursa during the
first three days of exposure. At one day PI, which was the day of peak expression,
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Table 3. Ex vivoproduction of NO by spleen cells following LPS stimulation

Groups NO (M) (number of birds with significantly® < 0.05) elevated NO production
over controls/total number tested)
1 day PI 2 days PI 3 days PI 5 days PI
Virus-free 344+ 1.4 (0/3) 21+ 0.52(0/3) 284 0.22(0/3) 274+ 1.1 (0/3)
IBDV 1.6+ 0.3 (0/5) 34+ 1.4 (1/5) 37+ 1.62(3/5) 514+5.1(0/5)
Tx-CsA 20+ 0.3 (0/3) ND 41+ 2.37(0/3) 274 0.6 (0/3)
Tx-CsA- 25+ 0.7 (0/5) 106 + 10.4° (4/5) 117 + 10.1° (5/5) 26+ 0.4 (0/5)

IBDV

T cell-intact and Tx-CsA-treated chickens were inoculated at 2.5 weeks of age with IBDV. At 1,
2, 3, and 5 days P, single spleen cell suspensions were stimeabatagdowith 10ug/ml of LPS at
41°C. After 48 h of stimulation the spleen cell supernatants were tested for NO with Greiss Reagent.
At 8 and 15 days PI, none of the stimulated or unstimulated spleen cell cultures from infected birds
released NO levels above control (data not shown). Different superscript letters indicate significant
differences between group® (< 0.04, Kruskal Wallis Test)
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0

—— Virus-free
—— |IBDV
-#— Tx-CsA
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% CD3+ cells/total bursa cells

0 5 10 15
Days PI

Fig. 2. Accumulation of T cell in the bursa of Fabricius at various time points post IBDV

infection. At different day points following IBDV-infection, Tx-CsA-treated and T cell-intact

birds were examined for T cells accumulating in the bursa of Fabricius by flow cytometric

analysis. Presented is the average of the % of €@8lls in the bursa of Fabricius. Two

repeat experiments were done with similar results. Presented is the result of one representative
experiment. n=5;*P < 0.05

T cell-intact birds infected with IBDV had up to 24 IFfand IL-2 signal positive
cells per microscopic field ata magnification of 400x (data not shown). In addition,
TNF-like factor mMRNA was upregulated in T cell-intact birds as detected by RT-
PCR (Table 4). Tx-CsA-treatment blocked detectable expression oyI&NE-2
MRNA in the bursa but TNF-like factor remained upregulated (Table 4) up to 22
days PI (data not shown). Birds unexposed to IBDV or those IBDV-infected for
8 to 22 days did not show any IL-2 and IF{Nupregulation.
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Tx-CsA treatment resulted in increased IBDV genome
and viral antigen load in the bursa of Fabricius

Immunohistochemical evaluation of bursa sections for IBDV-positive cells indi-
cated that at 5 days PI the Tx-CsA-birds had a significantly higher IBDV-antigen
load than T cell-intact birdsK < 0.05; Table 5). Before and after 5 days P,
there were no significant differences in IBDV-antigen load between groups (data
not shown). This was confirmed by virus quantification using real time RT-PCR
to detect the VP2 region of IBDV (Fig. 3). At 5 days PI, Tx-CsA-birds had a

Table 5. Immunohistochemical detection of IBDV antigen in the bursa of Fabricius

Treatment IBDV Number of Average number of IBDV-positive cells/field (400
birds/group
5 days PI 22 days Pl
None — 3 0+ 07 0+0
None + 5 56+ 19 4+4
Tx-CsA + 5 106+ 44° 09+2

Presented is the result of one of two repeat experiments that were conducted with similar results.
Groups of immunologically intact and Tx-CsA-chickens were exposed to IBDV intraocularly. At
5 and 22 days PI, five birds per group were sacrificed and bursa sections were evaluated for
IBDV antigen using immunohistochemistry [44]. Shown is the group average of IBDV-positive
cells/microscopic field at 408 . Per bird we examined 10 randomly chosen microscopic fields.
Different superscript letters indicate significant differences between gréups@.05)

Days post IBDV infection 1000

* 6 1

IBDV/GADPH ratio

—e—BDV —— Tx-CsA + IBDV

Fig. 3. Quantitation of IBDV genome using semi-quantitative real time RT-PCR. Groups

of immunologically intact and Tx-CsA-chickens were exposed to IBDV intraocularly. At

various time points during the infection, bursae of three to five birds per group were analyzed

by real time RT-PCR for IBDV-viral load. Shown is the group average of the IBDV/GADPH
expression ratict indicates significant differences between groups< 0.05)
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significant higher viral RNA load than T cell-intact birds (Fig. 3). By 22 days P,
both Tx-CsA- as well as T cell-intact groups had cleared the virus from the bursa
(Table 5).

Tx-CsA-treatment reduced IBDV-induced lesions
and improved follicular recovery

Between 3 and 5 days PI, 70—80% of the infected T cell-intact as well as Tx-CsA-
birds had grossly detectable lesions characterized by gelatination and necrosis of
the bursa of Fabricius. Beginning at 5 days Pl and lasting through the observation
period of 22 days, T cell-intact as well as Tx-CsA-birds showed significantly
lower bursa to body weight ratios in comparison to controls (data not shown). At
8 days PI, 2 of 9 birds in the T cell-intact group and 0 of 9 of the Tx-CsA-birds
showed minor bursa gelatination (Table 6). At 15 days PI, none of the infected
birds had detectable gross bursal lesions (Table 6).

Histopathological lesions in the bursa were characterized by inflammation
and accumulation of heterophils, edema, depletion of bursa follicles, and cyste
formation. Minor histopathological lesions were seen at 1 and 2 days Plinthe T
cell-intact as well as Tx-CsA-groups. At 5 days PI, follicular destruction was most
pronounced. More than 90% of the bursa follicles were destroyed in both Tx-CsA
and T cell-intact groups (Table 6). IBDV-infected T cell-intact birds developed a
profound inflammatory response in the bursa of Fabricius as indicated by massive
infiltration of heterophiles at 3 to 5 days PI, while Tx-CsA-birds had only a mild
inflammatory response with few infiltrating heterophiles (Table 6).

Table 6. Bursa lesions following IBDV infection of T cell-intact and Tx-CsA-chickens

Days post IBDV Number of birds with Group mean of % of Heterophile
infection gross lesion/number destroyed bursa follicles infiltration into the
bursa examined bursa
T cell-intact Tx-CsA T cell-intact Tx-CsA T cell-intact Tx-CsA
2 0/4 0/5 0+0 10+ 22 —* -
3 7/10 8/10 60+ 53 76+ 42 +++ -
5 7/10 7/10 106Gt 0 92+ 18 +++ +
8 2/9 0/9 9o+ 3 87+ 9P - -
15 0/10 0/9 89+ 157 65+ 21° — -
22 0/5 0/5 74122 404 22 - -

Summary of two repeat experiments. Groups of T cell-intact and Tx-CsA-treated birds were inoculated with
IBDV. At 2, 3, 5, 8, 15 and 22 days PI, 3 to 5 birds from each group were sacrificed and the macroscopical and
microscopical bursa lesions determined. Different superscript letters within each column indicate significant differ-
ences between groupB (< 0.05).*—, no infiltration of heterophilest infiltration of less than 50 heterophiles/field
at 400x; + + +, infiltration of more than 100 heterophiles/field at 40Mifferent superscript letters within a row
indicate significant differences’( < 0.05, Student's-test). Uninfected T cell-intact and Tx-CsA birds were free
from pathological and histopathological lesions at every time point tested during the experiment
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Table 7. Restoration of bursa follicles over time after IBDV infection

IBDV-infected % follicles with repopulation at days PI (number of birds with
groups restoration of bursa follicles/number of birds per group)
5 8 15 22
T cell-intact 0+ 02 11+23 14+ 16 26+ 12
(0/10) (2/10) (8/10) (5/5)
Tx-CsA 0+0 12413 32+ 21* 60+ 22*
(0/10) (5/8) (9/9) (5/5)

Intact and Tx-CsA-treated chickens were inoculated at 2.5 weeks of age with IBDV.
At various time points after infection, bursa section stained with H&E were examined for
follicle recovery expressed in % follicles that were more than 50% repopufdiefbllicles
repopulatedt standard deviation. A value of 0 indicates that all the bursa follicles were
more than 50% depleted of intrabursal cells and showed signs of inflammiakion.0.03.
Presented is the summary of two experiments

Bursae from IBDV-infected chickens are known to recover from the infection
and bursa follicles undergo lymphoid cell repopulation [20]. At 5 days PI, bursae
of IBDV-infected T cell-intact as well as Tx-CsA chickens did not show recovery
of destroyed bursa follicles (Table 7). At 8, 15 and 22 day PI, Tx-CsA-treated
birds had higher recovery than intact bird% & 0.05; Table 7, Fig. 4).

One aspect contributing to the delay in repopulation of bursa follicles in IBDV-
infected T-cell-intact birds versus the Tx-CsA-birds may be an enhanced apoptotic
cell death rate mediated by functional T cells. In this study, we determined the
effect of Tx-CsA on the cell death rate using thesitu TUNEL assay [45]. The
evaluation of the TUNEL assay indicated that T cell-intact birds had a significantly
higher apoptosis rate at 8 days PI than Tx-CsA-birls< 0.05) (Figs. 5 and
6). At 15 days PI, T cell-intact and Tx-CsA-birds had comparable cell death
rates.

Discussion

Previous studies have shown that IBDV-induced intrabursal T cells were activated
and proliferated irvitro in response to stimulation with IBDV [22]. These T cells
may have differentroles in the pathogenesis of the disease. They may be important
for clearance of the virus. They also may lead to immunopathological reactions
mediated by cell-associated or cytokine-induced cytotoxicity [3, 5, 12, 14, 24,
30, 38, 41].

This study was conducted to understand the role of IBDV-induced intrabursal
T cells in immunopathogenesis and tissue recovery using a T cell-compromised
chicken model. SPF chickens were immunocompromised by surgical thymectomy
and CsA treatment. This treatment reduced the numbers of circulating T cells and
the mitogenic response of PBL. Tx-CsA-treatment did not affect the function of



Fig. 4 (continued
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Fig. 4. Pathohistological bursa lesions (H&E staining) following IBDV-infectiarBursa

of an uninfected bird at 8 days PI (100%);Tx-CsA-treated bird infected with IBDV at 8

days PI (10&); c IBDV-infected bird at 8 days PI (100x§l Tx-CsA-treated bird infected
with IBDV at 15 days PI (100x)e IBDV-infected bird at 15 days Pl (160

>

Fig. 5. In situapoptosis staining of bursa sections from IBDV-infected and virus-free birds.
aVirus-negative bird, dark dots indicate positively stained cells that undergo apoptosis or late
stages of necrosis (arrows; 26J) b apoptosis staining of a bursa section from a Tx-CsA-
treated IBDV-infected bird at 8 days PI (arrows indicate positive cellsx356 apoptosis
staining of an IBDV-infected T cell-intact bird at 8 days PI (arrows indicate positive cells;
250x)
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Fig. 6. Effect of IBDV-infection on the cell death rate detected byitheitu TUNEL assay in
the bursa of Fabricius. The cell death rate was scored from 1 to 4 using microscopic evaluation
of the tissue section. A score of 3 describes the cell death rate in the bursa of Fabricius of
an uninfected T cell-intact or T cell-depleted bird which indicates 30 to 40% apoptotic and
necrotic cells per total cells; score 4 an increase in cell death30%; scoe 2 a decrease
of thein situ signal of < 30% from uninfected controls; and seat a decrease af 50%.

P < 0.04 by Student'd-test

B cells and macrophages. As shown by Kim et al. [22], at 5 days PI, T cell-intact
birds had a significantly lower IBDV-antigen load in the bursa than Tx-CsA-birds.
This observation indicated that the presence of functional T cells was important
in the control of virus replication up to 5 days PI. After 5 days PI, there were no
significant differences in virus-clearance between Tx-CsA and T cell-intact birds.
How T cells mediated viral clearance is not known. In the early phase around 5
days PI, T-cell helper function may be needed to optimize B cell and macrophage
activities to control virus infection [28]. In the late phase after 5 days PI, non-T
cell-mediated mechanisms such as antibody-dependent cellular cytotoxicity [1, 8]
as well as macrophage functions such as phagocytosis of infected cells may have
participated in IBDV-clearance [11]. In fact, Tx-CsA-treated birds had signifi-
cantly higher NO release in spleen cell cultures after LPS stimulation at 2 and 3
day Plthan T cell-intact or virus-free control bird®  0.04). Possibly enhanced

NO production may have contributed to viral clearance in Tx-CsA-treated birds.
At this point we can not exclude the participation of natural killer (NK) cells in
viral clearance although previous data indicated that NK cell-mediated cytotoxic
activity was not elevated in IBDV-infected birds [40].

Of interest was our finding that IBDV-infection of T cell-intact birds led to a
greater inflammatory response in the bursa than infection of Tx-CsA-birds. The
inflammation in T cell-intact birds may have been mediated though T cell-released
cytokines such as IL-2 and IFNthat were not expressed in Tx-CsA-birds. T cell
cytokines are known to stimulate macrophages, to release inflammatory mediators
and chemokines, and to initiate the influx of granulocytes [2, 10].
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Our data showed that the expression of intrabursal TNF-like factor was equally
up-regulated in T cell-intact and Tx-CsA-birds from day 1 Pl up to the end of
the experiment. TNF may be released by macrophages and play a role in tissue
destruction and/or tissue recovery [4, 23].

We used then situ TUNEL assay [45] to study the cell death rates from
day 2 to day 15 PI. In then situ TUNEL assay the terminal transferase (TdT)
labels DNA fragmentation during the early stages of apoptosis, and to a low
percentages also necrotic cells [13]. The evaluation of the TUNEL assay indicated
that Tx-CsA-birds had significantly lower apoptosis rates at 8 days Pl than T
cell-intact birds ¢ < 0.05). The enhanced bursa cell destruction mediated by
IBDV-induced T cells at 8 days Pl may be mediated by cytotoxic T cells. Previous
studies demonstrated that cytotoxic GPdnd/or CD8- T cells destroy not only
virus-infected but also uninfected bystander cells [12, 41]. Cytotoxic T cells
accelerate the lysis of cells expressing viral antigens [33]. Non-specific mech-
anismssuch asT cell-released cytokines or T cell-activated macrophages may also
enhance the cell death rate in the bursae of infected birds. We noted previously
that the IBDV-induced bursal T cells inhibited mitogenic proliferation of normal
splenocytes [21]. This observation indicated suppressive or cell-destructive effects
of intrabursal T cells on uninfected by-stander cells. Of interest was that the
suppressive effect of T cells was mediated by cell-to-cell contact as well as by
cell-free supernatant [21]. Further studies are needed to understand T cell-induced
destruction of bursal lesions in IBD.

Between 8 and 22 days PI, Tx-CsA-birds showed a significantly higher
number of repopulating bursa follicles than T cell-intact birfis<€ 0.05). This
observation indicated that the presence of functional T cells may have delayed
recovery of IBDV-induced depletion of bursal follicles. One aspect contributing
to the delay in repopulation of bursa follicles in IBDV-infected T cell intact birds
may be an enhanced apoptosis rate mediated by functional T cells.

The above findings suggest that T cells modulate IBDV pathogenesis in
two ways: a) they limit viral replication in the bursa in the early phase at 5
days PI [37], b) they promote bursal tissue damage and bursa recovery possible
though the release of inflammatory cytokines and cell-mediated cytotoxic effects
[24, 30]. No studies were done so far demonstrating the suppressive effects of
T cells inrecovery in infectious diseases. Some evidence was provided by studies
of non-infectious diseases such as pouchitis. In pouchitis, which is a complication
in the recovery phase following restorative proctocolectomy, it was demonstrated
that activated mucosal T cells and IRNeroduction might lead to mucosal de-
struction and crypt hyperplasia [42]. In another study, Valdimarsson et al. [47]
demonstrated that eruption of psoriatic skin lesions coincides with epidermal
infiltration and activation of T cells while spontaneous or treatment-induced
resolution of the lesions is preceded by the reduction or disappearance of epi-
dermal T cells [47].

Further studies are needed to understand the role of T cells in the recovery from
virus-induced lesions. Adoptive transfer experiments and T cell-depletion models,
in which T cell populations will be depleted selectively, will give more insights
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in what kind of T cell mechanisms influence virus-induced immunopathogenesis
and recovery.

Acknowledgements

We thank Edwin Pereira, Angela Rezin, and Anton Yerich for their excellent technical
assistance.

References

1. Atabani S, Landucci G, Steward MW, Whittle H, Tilles JG, Forthal DN (2000) Sex-
associated differences in the antibody-dependent cellular cytotoxicity antibody response
to measles vaccines. Clin Diagn Lab Immunol 7: 111-113
2. Billiau A, Heremans H, Vermeire K, Matthys P (1998) Immunomodulatory properties
of interferon-gamma. An update. Ann NY Acad Sci 856: 22—-32
3. Bilzer T, Stitz L (1994) Immune-mediated brain atrophy. GD8 cells contribute to
tissue destruction during borna disease. J Immunol 153: 818-822
4. Brieland J, Essig D, Jackson C, Frank D, Loebenberg D, Menzel F, Arrnold B,
DiDomenico B, Hare R (2001) Comparison of pathogenesis and host immune responses
to Candida glabrata and Candida albicans in systemically infected immunocompetent
mice. Infect Immun 69: 5046-5055
5. Chan WL, Javanovic T, Lukic ML (1989) Infiltration of immune T cells in the
brain of mice with herpes simplex virus-induced encephalitis. J Neuroimmunol 23:
195-201
6. Choi KD, Lillehoj HS, Song KD, Han JY, Choi JY (1999) Molecular and functional
characterization of chicken IL-15. Dev Comp Immunol 23: 165-177
7. Cihak J, Ziegler-Heitbrock HWL, Stein H, Loesch U (1991) Effect of perinatal anti-
TCR2 treatment and thymectomy on serum immunoglobulin levels in the chicken. J Vet
Med 38: 28-34
8. Dickey C, Ziegner U, Agadjanyan MG, Srikantan V, Refaeli Y, Prabhu A, Sato A,
Williams WV, Weiner DB, Ugen KE (2000) Murine monoclonal antibodies biologi-
cally active against the amino region of HIV-1 gp120: isolation and characterization.
DNA Cell Biol 19: 243-252
9. Dighy MR, Lowenthal JW (1995) Cloning and expression of the chicken interferon-
gamma gene. J Interferon Cytokine Res 15: 939-945
10. Dixon AE, Mandac JB, Madtes DK, Martin PJ, Clark JG (2000) Chemokine expres-
sion in Th1l cell-induced lung injury: prominence of IFN-gamma-inducible chemokines.
Am J Physiol Lung Cell Mol Physiol 279: L592-599
11. Fujimoto I, Pan J, Takizawa T, Nakanishi Y (2000) Virus clearance through apoptosis-
dependent phagocytosis of influenza A virus-infected cells by macrophages. J Virol 74:
3399-3403
12. Gagnon SJ, Ennis FA, Rothman AL (1999) Bystander target cell lysis and cytokine
production by dengue virus-specific human CB¥(ytotoxic T-lymphocyte clones.
J Virol 73: 3623-3629
13. Gold R, Schmied M, Giegerich G, Breitschopf H, Hartung HP, Toyka KV, Lassmann H
(1994) Differentiation between cellular apoptosis and necrosis by the combined use of
in situ tailing and nick translation techniques. Lab Invest 71: 219-225
14. Gossmann J, Lohler J, Utermohlen O, Lehmann-Grube F (1995) Murine hepatitis caused
by lymphocytic choriomeningitis virus. Il. Cells involved in pathogenesis. Lab Invest
72:559-570



15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Role of T cells in IBDV pathogenesis 303

. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, Tannenbaum SR (1982)
Analysis of nitrate, nitrite, and [N]nitrate in biological fluids. Anal Biochem 126:
131-138

KaracaK, Kim IJ, Reddy SK, Sharma JM (1996) Nitric oxide inducing factor as a measure
of antigen and mitogen-specific T cell responses in chickens. J Immunol Methods 192:
97-103

Karaca K, Sharma JM, Tomai MA, Miller RL (1996) In vivo and in vitro interferon induc-
tion in chickens by S-28828, an imidazoquinolinamine immunoenhancer. J Interferon
Cytok Res 16: 327-332

Kasaian MT, Biron CA (1990) Effects of cyclosporin A on IL-2 production and lym-
phocyte proliferation during infection of mice with lymphocytic choriomeningitis virus.

J Immunol 144: 299-306

Kim 1J, Karaca K, Pertile TL, Erickson SA, Sharma JM (1998) Enhanced expression
of cytokine genes in spleen macrophages during acute infection with infectious bursal
disease virus in chickens. Vet Immunol Immunopathol 61: 331-341

Kim IJ, Gagic M, Sharma JM (1999) Recovery of antibody producing ability and lym-
phocyte repopulation of bursal follicles in chickens exposed to infectious bursal disease
virus. Avian Dis 43: 401-413

Kim IJ, Sharma JM (2000) IBDV-induced bursal T lymphocytes inhibit mitogenic re-
sponse of normal splenocytes. Vet Immunol Immunopathol 74: 47-57

Kim 13, You SK, Kim H, Yeh HY, Sharma JM (2000) Characteristics of bursal T lym-
phocytes induced by infectious bursal disease virus. J Virol 74: 8884-8892

Konturek PC, Duda A, Brzozowski T, Konturek SJ, Kwiecien S, Drozdowicz, Pajdo R,
Meixner H, Hahn EG. Activation of genes for superoxide dismutase, interleukin-1beta,
tumor necrosis factor-alpha, and intercellular adhesion molecule-1 during healing of
ischemia-reperfusion-induced gastric injury. Scand J Gastroenterol 35: 452—-463
Krakauer DC, Nowak M (1999) T-cell induced pathogenesis in HIV: bystander effects
and latent infection. Proc R Soc London Ser B Biol Sci 266: 1069—1075

Lane TE, Liu MT, Chen BP, Asensio VC, Samawi RM, PaolettiAD, Campbell IL, Kunkel
SL, Fox HS, Buchmeier MJ (2000) A central role for CB4(T cells and RANTES

in virus-induced central nervous system inflammation and demyelination. J Virol 74:
1415-1424

Khan MZ, Hashimoto Y (1996) An immunohistochemical analysis of T-cell subsets in
the chicken bursa of Fabricius during postnatal stages of development. J Vet Med Sci 58:
1231-1234

Lee LF (1978) Chicken lymphocyte stimulation by mitogens. A microassay with whole-
blood cultures. Avian Dis 22: 296-307

Lloyd JB, Gill HS, Haig DM, Husband AJ (2000) In vivo T-cell subset depletion suggests
that CD4+ T-cells and a humoral immune response are important for the elimination of
orf virus from the skin of sheep. Vet Immunol Immunopathol 74: 249-262

Lukert PD, Saif YM (1997) Infectious bursal disease. In: Calnek BW (ed) Diseases of
poultry. lowa State University Press, Ames, pp 721-738

Marten NW, Stohlman SA, Atkinson RD, Hinton DR, Fleming JO, Bergmann CC (2000)
Contributions of CD& T cells and viral spread to demyelinating disease. J Immunol
164: 4080-4088

Mena |, Fischer C, Gebhard JR, Perry CM, Harkins S, Whitton JL (2000) Coxsackie-
virus infection of the pancreas: evaluation of receptor expression, pathogenesis, and
immunopathology. Virology 271: 276-288

Moody A, Sellers S, Bumstead N (2000) Measuring infectious bursal disease virus RNA
in blood by multiplex real-time quantitative RT-PCR. J Virol Methods 85: 55-64



304 S. Rautenschlein et al.: Role of T cells in IBDV pathogenesis

33. Nasir A, Arora HS, Kaiser HE (2000) Apoptosis and pathogenesis of viral hepatitis
C —an update. In Vivo 14: 297-300

34. Njenga MK, Asakura K, Hunter SF, Wettstein P, Pease LR, Rodriguez M (1999) The
immune system preferentially clears Theiler’s virus from the gray matter of the central
nervous system. J Virol 71: 8592—-8601

35. Nowak JS, Kai D, Peck R, Franklin RM (1982) The effect of cyclosporin A on the chicken
immune system. Eur J Immonol 12: 867-876

36. Odend’hal S, Breazile JE (1980) An area of T cell localization in the cloacal bursa of
White Leghorn chickens. Am J Vet Res 41: 255-258

37. Pape GR, Gerlach TJ, Diepolder HM, Gruner N, Jung M, Santantonio T (1999) Role of
the specific T-cell response for clearance and control of hepatitis C virus. J Viral Hepatitis
6 [Suppl 1]: 36-40

38. Ramsingh Al, Lee WT, Collins DN, Armstrong LE (1999) T cells contribute to disease
severity during coxsackievirus B4 infection. J Virol 73: 3080-3086

39. Sharma JM, Nazerian K, Witter RL (1977) Reduced incidence of Marek’s disease gross
lymphomas in T-cell depleted chickens. J Natl Cancer Inst 58: 689—692

40. Sharma JM, Dohms JE, Metz AL (1989) Comparative pathogenesis of serotype | and
variant serotype | isolates of infectious bursal disease virus and their effects on hu-
moral and cellularimmune competence of specific-pathogen-free chickens. Avian Dis 33:
112-124

41. Smyth MJ, Sedgwick JD (1998) Delayed kinetics of tumor necrosis factor-mediated
bystander lysis by peptide-specific CB&ytotoxic T lymphocytes. Eur J Immunol 28:
4162-4169

42. Stallmach A, Schafer F, Hoffmann S, Weber S, Miller-Molaian |, Schneider T, Kéhne
G, Ecker KW, Feifel G, Zeitz M (1998) Increased state of activation of CD4 positive T
cells and elevated interfergnproduction in pouchitis. Gut 43: 499-505

43. Sundick RS, Gill-Dixon C (1997) A cloned chicken lymphokine homologous to both
mammalian IL-2 and IL-15. J Immunol 159: 720-725

44. Tanimura N, Sharma JM (1997) Appearance of T cells in the bursa of Fabricius and cecal
tonsils during the acute phase of infectious bursal disease virus infection in chickens.
Avian Dis 41: 638-645

45. Tanimura N, Sharma JM (1998) In-situ apoptosis in chickens infected with infectious
bursal disease virus. J Comp Pathol 118: 15-27

46. Tsukamoto K, Tanimura N, Mase M, Kunitoshi | (1995) Comparison of virus replication
efficiency in lymphoid tissue among three infectious bursal disease strains. Avian Dis
39: 844-852

47. Valdimarsson H, Sigmundsdottir H, Jonsdottir | (1997) Is psoriasis induced by strepto-
coccal superantigens and maintained by M-protein-specific T cells that cross-react with
keratin? Clin Exp Immunol 107: 21-24

48. Zenke G, Gaumann B, Wenger R, Hiestand D, Quesniaux V, Andersen E, Schreier MH
(1993) Molecular mechanisms of immunosuppression by cyclosporins. Ann N'Y Acad
Sci 685: 330-335

Author’'s address: Dr. S. Rautenschlein, Klinik fir Gefligel, Hochschule Hannover,
Biinteweg 17, D-30559 Hannover, Germany; e-mail: Silke.Rautenschlein@tiho-hannover.de

Received August 13, 2001



