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The in vitro susceptibility of chicken lymphocytes to a wild strain of infectious
bursal disease virus was investigated by using immunofluorescence and virus
assays as infection criteria. A variety of Marek's disease lymphoblastoid cell lines,
all of thymus (T-cell) origin, were refractory to virus exposure. However, a bursa
(B-cell)-derived lymphoblastoid cell line from an avian leukosis virus-induced
tumor was highly susceptible. Viral antigen appeared in the cytoplasm of 20 to
30% of the cells, and large amounts of cell-free virus were released, with maximum
yields occurring by 3 days postinfection. The virus also replicated in a small
percentage of normal lymphocytes prepared from lymphoid tissues and peripheral
blood of chickens. Pretreatment of the lymphocytes, with heat-inactivated anti-
B-cell serum or with antiserum against fowl immunoglobulin M before inoculating
them with the virus blocked the virus infection; no blocking occurred with anti-
T-cell serum or with specific antiserum against fowl immunoglobulin G or

immunoglobulin A. This suggests that surface immunoglobulin M-bearing B-
lymphocytes were the target cells for infection.

Infectious bursal disease is a disease of young
chickens for which the causative virus (infec-
tious bursal disease virus [IBDV]) is tentatively
classified as a member of Reoviridae (3, 10, 12,
13). The virus induces atrophy of the bursa of
Fabricius as a result of necrosis of lymphocytes
and also causes a general lymphocidal effect in
other lymphoid organs, including the thymus
and spleen. It has been suggested that IBDV
may replicate in lymphocytes (6) since virus
antigen could be localized by immunofluores-
cence (IF) in cells thought to be of that type.
This disease is of interest immunologically,

since the function of the bursa-dependent
lymphoid system is affected in young chickens
(8, 15). The mechanism of the immunosuppres-
sion is not fully understood, but presumably it
results from the loss of immunocompetent lym-
phocytes. Hitchner (17) reviewed studies on lab-
oratory host systems for IBDV and noted that
the virus replicates in chicken embryos and that
embryo-adapted virus could be cultivated in cell
cultures of chicken embryo origin, with conse-
quent cytopathic effects. No published infor-
mation is available on replication of virulent,
nonadapted strains of the virus in cultured lym-
phocytes. Since a specific lymphocyte type
might serve as the target for IBDV infection in
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vivo, it was of interest to study virus replication
in vitro.
The present experiments were performed to

determine the susceptibility to virulent IBDV of
normal chicken lymphocytes and established
lymphoblastoid tumor cell lines of both thymic
and bursal origin (T- and B-cells, respectively).

MATERIALS AND METHODS

Cell culture medium. RPMI 1640 medium was
supplemented with 5% tryptose phosphate broth, 8%
bovine fetal serum, 10% chicken serum, 2 mM gluta-
mine, 1 mM sodium pyruvate, i0-5 M 2-mercaptoeth-
anol, and antibiotics. The medium was described by
Hahn et al. (9) and is referred to here as Hahn medium.

Virus. Virulent strain 73688 of IBDV, isolated in
this laboratory and kindly supplied by B. Lucio, was
prepared from passage 4 of the virus in susceptible
chickens. Stock virus consisted of a 10% suspension of
bursal tissue harvested from 6-week-old chickens 4
days after infection as described previously (14). The
virus was stored at -70'C until use.

Established cell lines. Six lymphoblastoid cell
lines initiated from Marek's disease tumors were stud-
ied. The MSB-1 (1) and RPL-1 (19) lines were origi-
nally obtained from K. Nazerian, U.S. Department of
Agriculture Regional Poultry Laboratory, E. Lansing,
Mich.; the other lines (GACL-1, JMCL-1, CUCL-1,
and GBCL-1) were derived in this laboratory (5). All
have T-cell markers. A single B-cell lymphoblastoid
line was studied; TLT-1 (5) originated from Olson's
transmissible lymphoid tumor (20) induced by avian
leukosis virus, a retrovirus.
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All cells were grown in Hahn medium as suspension
cultures seeded at 0.5 x 106 to 1.0 x 106 cells per ml.
The Marek's disease lines were maintained at 410C,
and TLT-1 was held at 370C.
Chickens and cell preparation. The 4-week-old

White Leghorn chickens used as donors of cultured
cells were from the departmental PDRC flock main-
tained free of most avian viral pathogens, including
IBDV. Minced tissues from bursa, thymus, and spleen
were processed by gently forcing them through a 60-
um mesh autoclavable screen (Tetko, Inc., Elmsford,
N.Y.). The lymphocytes from these suspensions and
from heparinized whole blood were separated by cen-
trifugation over Ficoll-Hypaque and washed in phos-
phate-buffered saline (PBS). The centrifugation on
Ficoll-Hypaque and washing procedures were re-
peated three times, and the cells were finally sus-
pended in Hahn medium. Total and viable cells were
counted in a hemacytometer with trypan blue dye
exclusion as the criterion for viability.

Antisera. Rabbit anti-B-cell and anti-T-cell sera
used for lymphocyte treatment were prepared as pre-
viously described (5). The anti-T-cell and anti-B-cell
sera were repeatedly absorbed with normal bursal and
thymic cells, respectively, until no cross-reactions were
detected in IF tests. These sera were shown to be
cytotoxic for more than 90% of the homologous cell
type when used with complement (C'), but they did
not affect the heterologous cell type (Calnek, unpub-
lished data). The antisera alone clumped but did not
kill celis, and C' alone was nontoxic.

Rabbit anti-chicken immunoglobulin G (IgG), IgM,
and IgA sera used for lymphocyte treatment were
from stocks prepared by Higgins and Calnek (11).
These stocks were not rendered monospecific for use
in this study.

Anti-B-cell and anti-T-cell serum treatment.
One-milliliter suspensions of lymphocytes (6 x 106
cells per ml) were treated by adding 0.2 ml of either
anti-T-cell serum or anti-B-cell serum. After incuba-
tion at 37°C for 1 h, the cells were washed in PBS and
resuspended in 0.1 ml of a 1:5 dilution of guinea pig
serum as a source of C'. After incubation at 37°C for
an additional 45 min, the cells were again washed with
PBS. Thereafter, the cells were centrifuged twice on
Ficoll-Hypaque, washed two times with PBS, resus-
pended in Hahn medium, and examined with trypan
blue for cell viability.

Cytotoxicity tests. Cytotoxicity of the rabbit anti-
chicken IgM and IgG for TLT-1 and MSB-1 cells was
tested by mixing 0.05 ml of cell suspension (containing
5 x 105 cells), 0.05 ml of antiserum dilution, and 0.05
ml of C'. For controls, C' or antiserum or both were
deleted. After incubation for 90 min at 370C, the
percent viable cells was determined by counting with
trypan blue dye. The cytotoxic antibody titer was
expressed as the reciprocal of the highest dilution
which reduced viability by 50% or more compared
with the controls.

Infection. Infection of cells with virus was per-
formed as follows. To 0.5 ml of cell suspension 0.5 ml
of the virus suspension, representing a multiplicity of
infection of 1.0, was added. The cell cultures were
incubated at 37°C for 1 h for virus adsorption and
then washed two times with PBS to remove unad-
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sorbed virus, resuspended in Hahn medium, and in-
cubated at 37 or 41°C in plastic flasks (Falcon Plastics,
Los Angeles, Calif.). Periodically, samples of cells were
collected from the flasks and examined by IF tests for
the presence of IBDV antigen-positive cells and by
virus assays for infectivity.

IF tests. Antibodies from chickens immunized
against IBDV were precipitated from pooled sera and
conjugated with fluorescein isothiocyanate by previ-
ously described procedures (4). The conjugate was
specific for IBDV, based on its failure to stain unin-
fected cells or cells infected with viruses other than
IBDV and its consistent staining of cells or tissues
known to be infected with IBDV.

For IF assays, cell suspensions were washed once
with PBS. A small drop of concentrated cell suspen-
sion was smeared on a cover slip and air-dried at 37°C
for 2 min. The cells were fixed with acetone for 10 min
and were used for IF staining within 2 h after prepa-
ration or were held at 4°C for use within 2 days. The
cover slip preparations were stained and examined by
previously described procedures (4). The percentage
of cells containing viral antigen was determined by
examining from 500 to 1,000 cells.
Virus titrations. Virus titrations were done in 10-

day-old embryonating eggs from the departmental
PDRC strain by inoculating serial 10-fold dilutions of
cell culture supernatant fluids into the allantoic cavity.
Three to five embryos per dilution each received 0.2
ml. All embryos were incubated for an additional 9
days at 370C. The 50% embryo infective dose was
calculated by the method of Reed and Muench (23),
based on embryo mortality or the appearance of char-
acteristic lesions in surviving embryos or both (16).

Electron microscopy. Cells were pelleted by low-
speed centrifugation and fixed with 2% glutaraldehyde
and 1% osmium tetroxide. After dehydration in graded
concentrations of ethyl alcohol and substitution with
propylenoxide, the cells were embedded in an Epon-
Araldite mixture and thin sectioned with glass knives
on a Porter-Blum microtome. The sections were
stained with 2% uranyl acetate and lead citrate and
examined with a Hitachi HU-11A electron microscope.

Morphological identification of virus particles was
based on previous observations (6, 13).

RESULTS
Susceptibility of established lymphoblas-

toid cell lines to IBDV. The ability of a viru-
lent strain of IBDV to replicate in cultures of
several lymphoblastoid cell lines transformed by
avian tumor viruses was first studied by the
direct IF technique (Table 1). Virus-specific an-
tigen detectable in the TLT-1 cell line was dis-
tributed throughout the cytoplasm or appeared
as a focus of fluorescence (Fig. la and b). The
percentage of IF-positive cells ranged from 18 to
28% at 72 h post-inoculation. No virus-specific
antigen was identified in uninoculated TLT-1
control cultures or in any of the lymphoblastoid
T-cell lines induced by Marek's disease virus.
This difference in susceptibility between TLT-1
and Marek's disease lines was not due to the
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TABLE 1. Susceptibility of chicken lymphoblastoid
cell lines to infection by virulent IBDV"

% of cells posi-
tive for IBDV

Cell type Cell Line ag antigen in IFsage tests at 72 h
post-inoculation

B-cells transformed TLT-1 7-20 22
by avian leukosis
virus

T-cells transformed GACL-1 5 0
by Marek's dis- JMCL-1 13 0
ease virus CUCL-1 10 0

GBCL-1 37 0
MSB-1 200 0
RPL-1 206 0

a Multiplicity of infection, approximately 1.0. The
results represent the average of five experiments.

FIG. 1. Virus-specific IF in TLT-1 cells. The cells
were cultured at 37°C for 3 days. (a) x200. (b) x300.

difference in incubation temperature. Subse-
quent tests, in which TLT-1 cells were exposed
to virus and then divided into replicate cultures
incubated at 41 and 37°C, showed both temper-
atures to be equally permissive for virus repli-
cation.
IBDV replication in TLT-1 cells. The cor-

relation between production of infectious viral
progeny and IF-positive cells was examined.
Cell-free virus was found in the supernatant
fluids sampled at various intervals (Fig. 2), with
the infectivity titer gradually increasing from 1
to 3 days post-inoculation. A plateau of 1070 to
1075 50% embryo infective doses per 0.2 ml was

maintained between 3 and 7 days. The percent-
age of IF-positive cells paralleled the infectivity
titers. Cell viability remained constant through-
out the time of incubation.

In thin-sectioned preparations, numerous vi-

rus particles 53 to 58 nm in size, with features
characteristic of IBDV, were seen in crystalline
arrays in the cytoplasm of the TLT-1 cells (Fig.
3a). In uninoculated TLT- 1 cells, a large number
of C-type virus particles were observed on, or
budding from, the cell membrane (Fig. 3b).
These were presumed to be the avian leukosis
retrovirus known to be associated with TLT-1
cells. Very interestingly, cells in the IBDV-in-
oculated culture which contained infectious bur-
sal disease virions in the cytoplasm did not have
C-type particles on the membrane. This obser-
vation was consistent in extensive examinations
of several preparations of IBDV-infected TLT-1
cells.

Susceptibility of normal lymphocytes to
IBDV. Chicken lymphocytes prepared from
lymphoid organs and peripheral blood were
tested for susceptibility to IBDV (Table 2). The
percentage of IF-positive cells was much higher
with bursal lymphocytes than with those from
thymus, spleen, and peripheral blood. The per-
centage of positive cells increased only slightly
during the experimental period, reaching 3.81%
in the bursal lymphocytes at 72 h after infection.
IF-positive cells in the cultures of peripheral
blood lymphocytes were rarely detected
throughout the observation periods, although a
slight increase in the percentage of such cells
was found at 72 h after infection.
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FIG. 3. (a) Electron micrograph of TLT-1 cell section containing an intracytoplasmic crystalline array of
IBDV (arrow). x30,000. Bar = 100 ,um. (b) Normal TLT-1 cell. Avian leukosis virus particles are seen on the
cytoplasmic membrane. x10,000. Bar = 100 ,tm.

TABLE 2. Susceptibility to IBDV of cultured
lymphocytes prepared from the bursa of Fabricius,
spleen, thymus, and peripheral blood of 4-week-old

chickens
% of cells positive in IF tests for
IBDV antigen in cultures sampled

Origin of lymphocytes at:

24 h p.i.b 48 h p.i. 72 h p.i.

Bursa 2.22 3.07 3.81
Spleen 0.05 0.35 0.75
Thymus 0.40 0.48 0.49
Peripheral 0.07 0.11 0.16

blood
a Multiplicity of infection, approximately 1.0. The

results represent the average of two experiments.
bp.i., Post-inoculation.

These data from normal and transformed cell
cultures of different origins suggested that the
cells susceptible to infection by IBDV may be
B-cells but not T-cells. This was further inves-
tigated by treating normal lymphocytes with
anti-T-cell or anti-B-cell serum before infection
of the virus (Table 3). Pretreatment of bursal
lymphocytes with anti-T-cell serum with or
without C' had no effect on susceptibility to
infection with IBDV. However, pretreatment of
thymic lymphocytes with anti-B-cell serum
completely blocked infection. Similarly, in sus-
pensions of spleen lymphocytes, IF-positive cells
were observed after anti-T-cell serum treatment

but not after anti-B-cell serum treatment. The
effect of anti-B-cell serum was seen whether or
not C' was added to the system, suggesting that
there was a blocking of infection rather than a
simple elimination of target cells. In either case,
the cumulative data of these experiments clearly
suggest that the cells susceptible to IBDV infec-
tion are B-cells.
Relationship between IBDV susceptibil-

ity and the presence of surface immuno-
globulin. Since the susceptible cells for IBDV
infection were found to be present in the B-cell
populations, a possible relationship between sus-
ceptibility and surface immunoglobulin-carrying
B-cells in the bursal lymphocyte preparations
was examined in three experiments (Table 4).
Bursal lymphocytes were first treated with anti-
T-cell serum and C' and then treated with anti-
immunoglobulin sera before infection with
IBDV. Based on the percentage of IF-positive
cells at 24 h post-inoculation, neither anti-IgG
nor anti-IgA affected susceptibility to virus in-
fection. On the other hand, the percentage of IF-
positive cells in the suspensions pretreated with
anti-IgM serum or with combinations of sera
containing anti-IgM was markedly reduced.

In cytotoxicity tests, anti-IgM and anti-IgG
sera alone were nontoxic for TLT-1 or MSB-1
cells, and these cells were unaffected by C' alone.
In the presence of C', both antisera were highly
cytotoxic for TLT-1 cells (anti-IgM titer, 20;
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TABLE 3. Susceptibility of bursa, thymus, and
spleen lymphocytes to IBDV after treatment with

anti-T-cell or anti-B-cell serum with or without C"

% of IBDV-positive

Cell Pre-inoculation treat- cells in IF tests at:
source ment 24 h 48 h 72 h

p.i. pAi. p.i.

Bursa None 1.86 3.34 3.53
C, 1.43 2.94 3.86
Anti-T-cell serum 2.34 4.56 6.37
Anti-T-cell serum + C' 2.52 3.29 7.55

Thymus None 0.22 0.37 0.42
C, 0.21 0.25 0.55
Anti-B-cell serum 0 0 0
Anti-B-cell serum + C' 0 0 0

Spleen None 0.52 0.53 0.58
C, 0.50 0.80 0.78
Anti-T-cell serum 0.60 0.76 0.82
Anti-T-cell serum + C' 0.65 0.62 0.58
Anti-B-cell serum 0.01 0.01 0.01
Anti-B-cell serum + C' 0.01 0 0

The results represent the average of two experiments.
hp.i., Post-inoculation.

TABLE 4. Effect ofpretreatment of bursal
lymphocytes with antisera against specific fowl
immunoglobulin classes (IgG, IgA, IgM) on their

susceptibility to IBDV'

% of IF-positive cells at 24 h

Treatment antisera against: post-inoculation

Expt 1 Expt 2 Expt 3

Anti-IgG 2.25 1.4 3.24
Anti-IgM 0.18 0.05 0.43
Anti-IgA 2.83 1.85 2.56
Anti-IgG + anti-IgM ND" 0.08 0.37
Anti-IgA + anti-IgM ND 0.05 0.17
Anti-IgA + anti-IgG ND 1.65 3.32
Anti-IgG + anti-IgM ND 0.01 0.16
+ anti-IgA

Untreated control 2.74 2.82 4.51
a Bursal cells were treated with anti-T-cell serum

and C' before treatment with anti-immunoglobulin
sera.
bND, Not done.

anti-IgG titer, 10) but not for MSB-1 cells. At
the lowest dilution tested (1:2.5), there was vir-
tually no loss of viability with MSB-1 (controls,
average of 87.7% viable; anti-IgM and anti-IgG
treated, 93.0 and 90.4% viable, respectively). In
contrast, TLT-1 cells (controls, average of 94.3%
viable) dropped to 0.2 and 1.6% viable with the
same respective treatments.

DISCUSSION
These experiments provided significant new

information about IBDV. First, they clearly in-
dicated that the susceptible target for infection
is B-cells and that T-cells are either totally
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refractory or have very low susceptibility to the
virus. This was borne out by the data from trials
with lymphoblastoid T- and B-cell lines, in
which no cells in the former, but many cells in
the latter became infected, and also by the ina-
bility of anti-T-cell serum plus C' to decrease
the susceptibility of various cell suspensions,
whereas pretreatment with anti-B-cell serum
markedly decreased susceptibility.

It is generally accepted that B-lymphocytes in
young chickens can be found in several organs
and peripheral blood, with the percentage of the
total cell population decreasing in the following
order: bursa of Fabricius, spleen, peripheral
blood, and thymus. In this study the percentage
of IF-positive cells was highest in bursal lym-
phocytes and lowest in peripheral blood lympho-
cytes, again lending support to the hypothesis
that B-cells are the major or only target. How-
ever, even in the bursa cell suspensions, the total
number of positive cells (generally less than 5%)
was much lower than would be anticipated if all
B-cells were susceptible. This implies that only
a proportion of the B-cell population constitutes
the target for IBDV infection.
The anti-B-cell serum treatment of suscepti-

ble cell populations prevented the appearance of
infected cells after IBDV exposure whether or
not C' was added to the system. Since this
serum, by itself, was not cytotoxic, it can be
concluded that it blocked infection rather than
eliminated susceptible cells. This observation,
coupled with the above conclusion that perhaps
not all B-cells are targets, led to the hypothesis
that surface antigens found on some but not all
B-lymphocytes might be associated with suscep-
tibility. Surface immunoglobulins were consid-
ered probable candidates, and, indeed, it was
found that anti-IgM but not anti-IgG or anti-IgA
serum specifically blocked susceptibility. Al-
though our anti-immunoglobulin sera were not
rendered monospecific, the major activity of
each was directed against a specific immuno-
globulin class, and if there was minor cross-reac-
tivity, it was not strong enough to cause confu-
sion.

It could be that only B-cells bearing IgM are
susceptible to infection and that the blocking
activity of the anti-IgM reagent could have re-
sulted from blocking or destroying receptors for
IBDV on these cells. This would account for the
observation that only a proportion of the total
population of B-cells presumed to be present in
bursal or spleen cell suspensions were suscepti-
ble to the virus. Up to 30 to 50% of bursal
lymphocytes may fail to express either B- or T-
cell markers. Some investigators suggest that
these may be null cells (2, 18, 21). The lack of an
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appropriate technique for the separation of sub-
populations of chicken B-lymphocytes pre-
vented us from pursuing this point and deter-
mining whether specific surface immunoglobu-
lin-bearing cells are, in fact, the targets for
IBDV. Along these lines, it is interesting that in
a previous study, it was observed that levels of
IgM in the sera of IBDV-infected chickens from
1 to 8 weeks old were significantly lower than
those in uninfected controls (Hirai et al., unpub-
lished data).
The studies with TLT-1 were of considerable

interest from two standpoints. First, this lym-
phoblastoid cell line was established from a

transplantable lymphoid tumor of chickens in-
duced by a retrovirus, avian leukosis virus (20).
Cooper et al. (7) found that avian leukosis virus-
induced tumor cells invariably had detectable
surface IgM but not IgG or IgA, and they inter-
preted their observations to suggest that avian
leukosis virus-induced transformation could be
related to an interruption in the normal switch
from IgM to IgG gene expression in certain bursa
cell clones. If, indeed, the presence of surface
IgM relates to susceptibility to IBDV, then it
would be expected that TLT-1 cells would be
highly susceptible to infection, as our data indi-
cated. Precise definition of the immunoglobulin
class(es) present on the membrane of TLT-1
cells must await studies with monospecific re-

agents. However, it is clear from cytotoxicity
studies that immunoglobulins are present. Anti-
IgM serum was highly cytotoxic for TLT-1; the
reactivity of the anti-IgG serum was lower and
could have represented cross-reactivity with this
agent.
A second intriguing observation with TLT-1

cells was the absence of retrovirus particles as-
sociated with those cells containing IBDV par-
ticles, as seen by electron microscopy. It would
be of interest to know whether only cells not
producing C-type particles are susceptible to
IBDV, or if IBDV infection inhibits replication
of the retrovirus. Purchase and Cheville (22)
found that IBDV infection of chicks previously
infected with avian leukosis virus prevented the
subsequent appearance of lymphoid neoplasms
normally caused by the latter. They postulated
that IBDV infection eliminated bursal cells
which would serve as targets for transformation.
If the hypothesis of Cooper et al. (7), i.e. that a

switch from IgM or IgG gene expression is
blocked by transformation, is followed, then the
high susceptibility of avian leukosis virus tumor
cells gives additional support for postulating that
IgM-bearing cells are the specific target for
IBDV infection.
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