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Polyclonal anti-idiotype 1073 (anti-Id 1073), raised against a monoclonal antibody specific for the protective
epitope(s) of Eimeria tenella sporozoites, induced cell-mediated immune (CMI) responses in bursectomized
chickens. Whereas alhydrogel-adsorbed anti-Id 1073 was sufficient to engender the CMI response at 4 h after
injection, induction of the CMI response at 24 h required both alhydrogel and muramyl dipeptide sterol.
Exposure of immunized chickens to live parasites prompted a dichotomous effect on the CMI response

engendered by anti-Id in that the 4-h CMI response was preferentially stimulated and the 24-h CMI response

was down regulated. Both types of CMI response were transferable to naive chickens by T cells from anti-Id
1073 immune donors or by parasite-specific T cells from clones 21 and 27. These T-cell clones were generated
from chickens immunized by repeated infections with E. tenella and showed in vitro proliferative responses to
anti-Id 1073. The abilities of T cells from clone 21 to selectively transfer the 4-h CMI response and to generate
gamma interferon to activate macrophages for their cytotoxic effects on Eimeria sporozoites correlate with the
preferential stimulation by parasites of the 4-h CMI response in chickens immunized with anti-Id 1073. These
data show that anti-Id 1073 mimics the protective epitope(s) of the parasite and primes chickens for protective
CMI responses. Cytotoxic T cells, equivalent to the mammalian T-cell subset of the Lyt2+ phenotype, appear

to be the primary effector T cells in the CMI response engendered by anti-Id 1073 against Eimeria parasites.

The immune network hypothesis (22) predicts that anti-
idiotypic antibodies (anti-Id; Ab-2), in particular the Ab-21
type (23), produced against the paratope-associated idiotypic
determinants (Id) of a given antibody molecule (Ab-1) may
represent an internal image of the antigen recognized by
Ab-1. This concept has been validated by much experimen-
tal data (1, 11-13, 15, 28, 29, 45, 49, 50, 52, 54), and recent
studies on successful application of anti-Id as vaccines
provide further support for this concept (5, 17, 25, 28, 29, 32,
41, 45). Experimentally, it has been shown that anti-Id
directed against B-cell Id can activate functionally distinct
subsets of T cells, such as those that mediate a delayed-type
hypersensitivity (DTH) response (50, 52), T suppressor cells
(49) in mice, and T helper cells that regulate B-cell responses
in mice (11) and in chickens (5).
We have generated a number of polyclonal anti-Id, using

Eimeria tenella sporozoite-specific monoclonal antibodies,
and one of them (anti-Id 1073), when used as a vaccine, has
been shown to induce specific antibody responses and
protective immunity against the parasite infection in chick-
ens (5). Since T cells play a critical role in protective
immunity against Eimeria parasites (6, 16, 31, 39), the ability
of anti-Id to induce cell-mediated immune (CMI) responses
in chickens was studied. Anti-Id functions as a unique
surrogate of protective antigen, and bursectomized (BX)
chickens allow a more critical study of T-cell function than
the murine system and also provide a biologically relevant
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model for coccidiosis caused by protozoan parasites of the
genus Eimeria.
The economic importance of the disease has fostered an

outburst of interest in the development of a vaccine, and the
feasibility of a molecular vaccine for coccidiosis has been
indicated by recent studies (3, 33). Anti-Id, with its potential
as a surrogate antigen, may provide a better alternative for
vaccinating 1-day-old outbred broiler chickens against coc-
cidiosis, since anti-Id appears to override the problems
associated with the immaturity of the neonate immune
system (15, 18, 45) and those caused by genetic restriction in
generating T-cell responses (12, 13, 25). The results pre-
sented here show that anti-Id 1073 induced protective CMI
responses in BX chickens and substantiate our earlier ob-
servations showing that it could prime T cells in chickens
with intact bursas to engender parasite-specific B-cell re-
sponses upon exposure to parasites (5).

MATERIALS AND METHODS

Chickens. Two-week-old White Leghorn chickens (SC,
B2/B2) and 1-day-old outbred broiler chickens were used in
this study. SC chickens were purchased as fertilized eggs
from Hy-Line International, Dallas Center, Iowa. Eggs were
incubated and hatched in a model 5 incubator-hatcher (Pe-
tersime Incubator Co., Gettysburg, Ohio). Outbred (Hub-
bard/Hubbard) broiler chickens were purchased as day-old
birds from a local supplier (Kerr Hatcheries, Frenchtown,
N.J.). Chickens were kept in clean coccidium-free rooms
during the period of experimentation.

Bursectomy. SC chickens were BX by injecting 3.75 mg of
testosterone propionate (U.S. Biochemical Corp., Cleve-
land, Ohio) on day 11 of embryonation, followed by an
injection of cyclophosphamide (Cytoxan; Meade Johnson,
Evansville, Ind.) after hatching (4 mg on day 1 and 3 mg on
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day 2, both intraperitoneally). Chickens were tested for the
absence of immunoglobulins in their sera from the age of 3
weeks to the end of the experiment by immunodiffusion and
enzyme-linked immunosorbent assay. Only agammaglobu-
linemic chickens were included in the results.

Parasites and antigens. Oocysts and sporozoites from E.
tenella or other Eimeria species were prepared as described
elsewhere (43). Sporulated oocyst antigen (SOA) and sporo-
zoite antigen (Sp Ag) were prepared by sonication of oocysts
or sporozoites as described previously (5).

Preparation, characterization, and specificity of anti-Id.
Anti-Id, prepared against the Id of a monoclonal antibody
(antibody 1073) with specificity for the sporozoites of E.
tenella, were raised in rabbits and characterized as described
previously (5).
Immunizations of chickens. SC normal (SCNL) and SCBX

chickens were immunized intramuscularly at the age of 14
days by injecting 50 ,g of anti-Id or E. tenella Sp Ag, using
alhydrogel (30%, vol/vol) alone or in combination with 100
,ug of N-O-acetylmuramyl-alanyl-D-glutamine-6-0-stearoyl
(MDPS; Calbiochem--Behring, La Jolla, Calif.). Chickens
were given booster injections twice of 200 ,ig of anti-Id or E.
tenella Sp Ag, using alhydrogel or both alhydrogel and
MDPS (days 21 and 28). One-day-old broiler chickens were

similarly immunized with alhydrogel-adsorbed E. tenella Sp
Ag or anti-Id on days 1, 14, and 21 with and without MDPS.

Assays of CMI responses. CMI responses in chickens
immunized with anti-Id or E. tenella Sp Ag were assayed by
DTH reaction in the wattle'(WDTH). Fifteen days after the
last immunization, the left wattles of chickens (six per group)
were injected intradermally with 50 ,ug of E. tenella SOA.
The right wattles were injected either with 50 ,ug of bovine
serum albumin or with 50 ,ug of a heterologous Eimeria
antigen, as specified in Results. The wattle thicknesses were

measured at various time intervals with a micrometer
(Schnelltaster System Kroplan, Federal Republic of Ger-
many). The magnitude of the WDTH response was ex-

pressed as mean increases in thickness in the wattles chal-
lenged with E. tenella SOA compared with the control
wattles. To study the effect of challenge infection on WDTH
responses, anti-Id-immunized chickens were infected with
50,000 sporulated oocysts of E. tenella 15 days after the last
immunization. Each day after infection, three chickens were

challenged with E. tenella SOA in the left wattles and with
bovine serum albumin in the right wattles. The WDTH
responses were measured at 4 and 24 h. Statistical evaluation
of data was done by using Dunnett's one-tailed test.
Assay of lesion scores. Six days after infection, as de-

scribed above for the WDTH assays, 9 to 14 chickens from
various groups were sacrificed by CO2 asphyxiation, and
lesions in their ceca were scored on a scale of 0 (no damage
to the cecal mucosal tissue) to 4 (maximum damage to the
cecal tissue), as described elsewhere (24).

Establishment of chicken T-cell clones. Parasite-specific
T-cell clones were established from chickens immunized by
repeated infections with E. tenella and were maintained as

described previously (6). These clones were characterized
for the specificity for parasite antigens, in vitro functions (6),
the ability to produce interleukin-2 and gamma interferon
(IFN--y), and interactions with anti-Id (B. S. Bhogal, E. B.
Jacobson, and D. M. Schmatz, manuscript in preparation).
Clones 21 and 27 were of special interest, since T cells from
these clones were stimulated by anti-Id 1073 in vitro.

Adoptive transfer of CMI responses. Spleens from SCBX
chickens immunized with anti-Id or E. tenella Sp Ag were

removed 10 days after the last immunization, and single-cell

suspensions were prepared in 1.1 x Dulbecco phosphate-
buffered saline, pH 7.3. Cells were washed three times,
counted, and suspended in 1.1x phosphate-buffered saline
containing 5% fetal calf serum. T cells in the splenic lym-
phocyte preparations were depleted by anti-T-cell antibody
and complement treatment. Briefly, spleen cells (107/ml)
were incubated with a rabbit anti-chicken T-cell serum
(kindly supplied by G. J. Thorbecke, New York University
Medical Center, New York, N.Y.) for 30 min on ice. Guinea
pig complement was then added to the cells in a final dilution
of 1:18, and the cells were further incubated at 37°C for 1 h.
The cells were washed with phosphate-buffered saline three
times, resuspended, and counted. Spleen cells (5 x 107) or
parasite-specific T cells from clone 21 or 27 (1 x 106) were
transferred intravenously into 4-week-old naive SCNL
chickens. A group of chickens received 10 ml of serum
obtained from one of the spleen cell donor chickens, and
another group received serum from immunized SCNL chick-
ens. Eighteen hours after the transfer of cells, chickens were
challenged with 50 ,ug of E. tenella SOA in their left wattles
and with control antigens in their right wattles, and WDTH
responses were measured at 4 and 24 h later.

RESULTS

CMI responses in immunized chickens. Immunization of
SCBX, SCNL, or broiler chickens with polyclonal anti-Id
1073 or E. tenella Sp Ag with alhydrogel and MDPS as
adjuvants induced specific CMI responses to intradermally
injected E. tenella SOA, as measured by WDTH (Fig. 1). In
view of its superior ability to induce DTH in chickens (38),
MDPS was used to induce the CMI response with anti-Id.
The CMI responses followed kinetics similar to those of the
typical murine DTH (44, 50), in that the peak CMI responses
were observed at 24 h after injection of parasite antigen (24-h
CMI response), with some swelling in the wattles as early as
4 h after injection (4-h CMI response). The histological
observations were also characteristic of the murine DTH
(data not shown). The CMI response levels came down by 48
to 72 h, as evidenced by decreases in the wattle thicknesses,
and at 72 h the thicknesses in the wattles were only margin-
ally greater than those of the control wattles. The 24-h CMI
response levels in SCBX chickens (Fig. 1A) were lower than
those observed in the SCNL and broiler chickens (Fig. 1B,
data pooled for SCNL and broilers). In general, SCNL,
SCBX, and broiler chickens immunized with anti-Id showed
lower 24-h CMI response values than did those immunized
with E. tenella Sp Ag, but the kinetics of the responses
induced by the two antigens were comparable. The levels of
the 24-h CMI responses elicited by alhydrogel-adsorbed
anti-Id or E. tenella Sp Ag were lower than those observed
when both adjuvants (alhydrogel and MDPS) were used;
however, these differences were not reflected in the 4-h CMI
responses.

Specificity of the CMI responses. Chickens immunized with
E. tenella Sp Ag, using MDPS and alhydrogel, showed 24-h
CMI responses when challenged with SOA prepared from
the heterologous strains of E. tenella, but the CMI response
values were much lower than those observed with the SOA
or schizont antigen from the homologous strain (LS18; Table
1). The values for the 24-h CMI responses to the heterolo-
gous Eimeria species, i.e., E. acervulina and E. maxima,
were also considerably lower (wattle thickness increases of
0.38 and 0.40 mm, respectively) than those induced by E.
tenelia LS18 antigens. Interestingly, the CMI response lev-
els of the chickens immunized with anti-Id to heterologous
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FIG. 1. CMI responses to parasite antigens in BX (A) and normal (B) chickens immunized with anti-Id 1073, using either alhydrogel (I)

or alhydrogel plus MDPS (-U) and in chickens immunized with E. tenella Sp Ag, using either alhydrogel (I) or alhydrogel plus MDPS
(O--l). CMI responses were measured as swelling in the wattles and are shown as the mean ± standard errorofincreases in wattle thicknesses

for 6 (A) or 12 (B) chickens at each datum point.

parasite antigens were significantly higher than those ob-
served in chickens immunized with parasite antigens. The
higher levels of CMI response engendered by vaccination
with anti-Id against the heterologous parasite antigens may

simply reflect the relative quantitative preponderance of the
relevant CMI response-inducing epitope(s) in the anti-Id
preparations, compared with that in the crude parasite
antigen preparations. In the absence of purified parasite
antigens, use of anti-Id clearly indicates the presence of
some T-cell antigens cross-reactive between Eimeria strains,
as well as between the Eimeria species tested.

Adoptive transfer of CMI responses. To define the cellular
nature of the CMI responses to parasite antigens, adoptive
transfer studies were performed. Spleen cells from SCBX
chickens immunized with anti-Id 1073 or E. tenella Sp Ag
transferred CMI responses to E. tenella antigens in the naive
SCNL recipient birds (Fig. 2). The immune spleen cells
responsible for adoptive transfer of the CMI response were
T cells, since treatment of spleen cells with anti-T-cell

antibody and complement before transfer abrogated the
ability of these cells to transfer CMI responses. Although the
spleen cell donor SCBX chickens showed no immunoglobu-
lin in the sera by immunodiffusion assays, the confirmation
of their agammaglobulinemia by a more sensitive assay, such
as enzyme-linked immunosorbent assay, was not done until
after the end of the study. Anti-T-antibody treatment of
splenocytes was therefore done to override the uncertainty
of the BX status of the donors. Parasite-specific cloned T
cells from clones 21 and 27 also transferred CMI responses.
Chickens which received T cells (106) from clone 27 prefer-
entially manifested a high level of 24-h CMI responses,
whereas those which received T cells (106) from clone 21
failed to show a high level of the 24-h CMI response but
mounted the 4-h CMI response. A combination of T cells (2
x 106) from both these clones, when injected intravenously
or in the wattles along with antigen, transferred both of the
responses. Immune sera from immune SCBX or SCNL
chickens failed to transfer CMI responses (data not shown),

TABLE 1. Specificities of CMI responses induced in chickens by anti-Id

Mean ± SE increase in wattle thickness (mm) 24 h after injection of antigenb

Immunization E. tenella
treatmenta E. acervulina E. maxima

LS18 (SOA) (Sch. Ag) DP84 (SOA) DP72 (SOA) FS13 (SOA) LS3 (SOA) FS110 (Sch. Ag)

Anti-Id 1073 1.28 ± 0.45 1.76 + 0.34 0.67 ± 0.21*C 0.58 ± 0.16* 0.73 ± 0.22* 0.68 ± 0.27* 0.83 + 0.31*
E. tenella LS18 Sp Ag 1.69 + 0.28 1.36 ± 0.30 0.31 ± 0.10** 0.24 ± 0.09** 0.38 ± 0.09** 0.33 ± 0.11** 0.40 ± 0.08**

a BX chickens were immunized with anti-Id 1073 or E. tenella Sp Ag, using both alhydrogel and MDPS as adjuvants.
b Antigen (50 ,ug) was injected intradermally. The mean increase ± SE in the thicknesses of wattles injected with 50 ,ug of bovine serum albumin as a control

antigen was 0.18 ± 0.06 mm. Sch. Ag, Second-generation schizont antigen of the parasite. Strain LS18 was used for producing monoclonal antibody against which
anti-Id was generated. DP84, DP72, and FS13 are field isolates of E. tenella. LS3 and FS110 are laboratory strains of E. acervulina and E. maxima, respectively.
e* and *, Significantly different (P c 0.05) CMI responses; comparisons are made within columns.
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FIG. 2. Adoptive transfer of 4- and 24-h CMI responses in chickens by splenic T lymphocytes (5 x 107) from BX donor chickens
immunized with anti-Id 1073 or E. tenella Sp Ag or by T cells from clone 21(1 x 106 cells) or 27 (1 x 106 cells), injected intravenously. Transfer
of CMI response by a combination of T cells from both clones (2 x 106 cells), injected intravenously (clone # 21 + 27) or locally in the wattle
(tclone # 21 + 27), is also shown. Each datum point represents a mean for three to six chickens. E.t., E. tenella.

thus suggesting that the responses were not transferable by
soluble factors.
Comparable abilities of anti-Id and E. tenella Sp Ag to

induce protective immunity in inbred and outbred chickens.
Chickens immunized with anti-Id 1073 in the presence of
alhydrogel and MDPS showed resistance to an experimental
E. tenella infection, as evidenced by reduced cecal lesion
scores observed in the immunized chickens. The virulence
of the parasites and the susceptibility of chickens to infection
were evident from the high lesion scores observed in the
control chickens, which received vehicle only (Table 2). The
degree of protective immunity in SCBX, SCNL, and broiler
chickens induced by anti-Id immunization was comparable

TABLE 2. Comparative abilities of anti-Id and parasite antigen to
vaccinate chickens against E. tenella infection"

No. of chickens with
lesion score in the

Immunization Chicken range of: Lesion score
treatment (n) (mean ± SE)b

0- 1.2- 2.2- 3.0-
1.0 2.0 2.7 4.0

Anti-Id 1073 SCNL (14) 10 3 1 0 1.04 ± 0.19*
SCBX (12) 6 3 2 1 1.63 ± 0.30*
Broiler (14) 8 4 1 1 1.29 ± 0.22*

Sp Ag SCNL (13) 6 5 2 0 1.65 ± 0.21*
SCBX (11) 4 5 1 1 1.75 ± 0.19*
Broiler (14) 6 4 3 1 1.86 ± 0.25*

Vehicle only SCNL (10) 0 1 2 7 3.55 ± 0.24**
SCBX (9) 0 1 1 7 3.08 ± 0.28**
Broiler (12) 0 0 2 10 3.50 ± 0.18**

a SCNL and SCBX chickens were immunized at 14, 21, and 28 days of age,
using both alhydrogel and MDPS as adjuvants. Broiler chickens were immu-
nized on days 1, 14, and 21, using both adjuvants. Cecal lesions were scored
6 days postinfection with E. tenella oocysts. The challenge inoculum of
oocysts was pretitrated to obtain lesion scores in the range of 3 to 4 in the
unimmunized susceptible control chickens.

b * and **, Significantly different (P ± 0.05) mean lesion scores.

to, if not higher than, that induced by the parasite antigen,
since the mean lesion score in the groups of chickens
immunized with anti-Id 1073 and those immunized with E.
tenella Sp Ag do not show statistical differences (P < 0.01).
Interestingly, however, the evaluation of these data on the
basis of the distribution of chickens in various ranges of
lesion scores suggests that vaccination with anti-Id was more
efficacious than the vaccination with the parasite antigens,
since 10 of 14 (71%) of the inbred chickens vaccinated with
anti-Id had lesion scores in the range of 0 to 1, compared
with 6 of 13 (46%) of the E. tenella Sp Ag vaccinates. A
similar but less striking effect was also observed in the
outbred chickens, of which 8 of 14 (57%) chickens vacci-
nated with anti-Id had lesion scores of 0 to 1, compared with
6 of 14 (43%) Sp Ag vaccinates.
Dichotomous effects of infection on CMI responses. In a

preliminary experiment, it was observed that chickens im-
munized with anti-Id 1073 showed decreased 24-h CMI
response levels on day 6 postinfection, compared with the
CMI responses observed before infection. To study the
kinetics of the depression in specific CMI responses, SCBX
chickens immunized with anti-Id were infected with E.
tenella 15 days after the last immunization, and each day
postinfection, groups of three chickens were assayed for
CMI responses. A clear depression in the 24-h CMI response
levels was observed in the chickens immunized with anti-Id
(Fig. 3), with maximal depression on days 4 to 10 postinfec-
tion. By day 15 postinfection, the 24-h CMI responses
returned to levels similar to those observed before infection.
In contrast, after exposure to the parasite, the 4-h CMI
responses were increased for the first 72 h postinfection,
being maximal at 24 to 36 h.

DISCUSSION
The present data show that immunization with anti-Id 1073

induced Eimeria sp.-specific CMI responses in chickens
which had no previous exposure to the parasite. The mod-
erate CMI responses, in particular the 24-h CMI responses
induced by vaccination with alhydrogel-adsorbed anti-Id
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FIG. 3. Dichotomous effects of exposure to parasites on the 4- and 24-h CMI responses in BX chickens immunized with anti-Id 1073.

Fifteen days after the last immunization, chickens were infected with 50,000 E. tenella oocysts, and three chickens were assayed for CMI
responses every day postinfection.

1073, were increased in potency when the anti-Id 1073 was
injected in the presence of alhydrogel and MDPS. Both the
4-h and the 24-h CMI responses were mediated by T cells,
since these responses were transferable by splenic lympho-
cytes from SCBX chickens immunized with anti-Id or by
parasite-specific cloned T cells. BX chickens lack antibod-
ies, and since the potencies of the 4-h responses in SCBX
and SCNL chickens were comparable, these responses were
not due to immune complexes. Several studies performed in
the murine system suggest that T cells bear Id-like determi-
nants recognizable by anti-Id produced against Id expressed
on immunoglobulin (1, 11, 44, 49, 50, 52). The results
presented here corroborate those observations, using a more
stringent model (BX chickens) than the murine system to
study T-cell activation by anti-Id.

It is well established that the CMI response plays a critical
role in resistance against Eimeria infections, since (i) BX
chickens, which lack the B-cell component of their immune
system, can be protected (6, 31), and (ii) macrophages (M+)
activated by IFN--y secreted by parasite-specific cloned T
cells can effectively kill sporozoites in vitro (6). It is,
however, not clear which subset of T cells is most important
in the protective CMI responses. The mechanism of induc-
tion of CMI responses by anti-Id is also not known, and both
of these parameters are critical in the design of a vaccine
capable of stimulating only the protective T-cell responses.
The CMI responses in immunized chickens may have been

induced via recognition by T cells of anti-Id as a surrogate of
the nominal parasite antigen in association with the B-L/B-F
(murine equivalents of class II and class I molecules, respec-
tively) gene products on the surface of histocompatible
antigen-presenting cells. Alternatively, anti-Id may bypass
the B-L/B-F restriction to stimulate T cells by virtue of its
high affinity for at least the antigen-binding portion of the
T-cell receptor, as has been shown in studies on immuniza-
tion of mice with anti-Id against Sendai virus (12, 13) and
against Listeria monocytogenes (25). In this context, it is
interesting that anti-Id was relatively more effective in
inducing protective immunity in broiler chickens than were
the parasite antigens. Furthermore, anti-Id 1073 stimulated T

cells from two clones with distinct in vitro functional activ-
ities. T cells from clone 27, which showed in vitro helper
activity for B cells (6), required histocompatible antigen-
presenting cells for anti-Id-induced in vitro proliferation,
produced T-cell growth factor containing putative interleu-
kin-2 (Bhogal et al., manuscript in preparation), and trans-
ferred 24-h CMI responses (Fig. 2). T cells from clone 21,
which produced IFN-y and transferred 4-h CMI responses
(Fig. 2), showed no such requirement for anti-Id-induced in
vitro proliferation, even though they required histocompat-
ible antigen-presenting cells for similar responses to parasite
antigens (Bhogal et al., manuscript in preparation). Since the
T cells were isolated from parasite-immune chickens and
cloned after a relatively short period of in vitro stimulation
with the parasite antigen without an extended selection
process in the absence of nonspecific mitogens, the in vitro
activities of these T-cell clones may be representative of the
in vivo scenario in an immune chicken. The relevance of the
in vitro functional activities of these T-cell clones in protec-
tive immunity is borne out by the dichotomous effects of
parasite infection on the CMI responses in chickens immu-
nized with anti-Id (Fig. 3), in that the 4-h CMI responses
were preferentially restimulated, whereas the 24-h responses
were down regulated. It will be of interest to examine
whether a similar dichotomous response is also generated in
parasite antigen-immune chickens. However, because of the
lack of a purified antigen, we used anti-Id as a prototype of
a protective epitope of the parasite to elucidate the relative
roles of different T-cell subsets in protective immunity.
Unfortunately, because of a lack of reagents with which to
identify phenotypic markers on subsets of T cells in chick-
ens, the phenotypic definition of the putative T-cell subset(s)
involved in this response is not possible at present.

Studies using cloned T cells in mice suggest a synergistic
interaction between the Lyt2+ (cytotoxic) and L3T4+
(helper) T cells in protective immunity against various patho-
gens (10, 27, 47, 48). Nonetheless, it is clear from studies
done with cloned T cells that the Th-1 type L3T4+ T-cell
subset transfers the typical (24-h) DTH response and that the
Th-2 type L3T4+ and the Lyt2+ subsets do not (9, 19, 34).

INFECT. IMMUN.
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The primed Lyt2+ T cells, in addition to their activity as

cytotoxic T cells, secrete antigen-stimulated IFN--y, a potent
lymphokine capable of activating M4 for enhanced killing of
both intracellular and extracellular pathogens (10, 26, 35-
37). In view of the background described above and (i) a

preferential stimulation of the 4-h CMI response by parasite
exposure in anti-Id-immunized chickens and (ii) the selective
ability of two functionally distinct cloned T cells to transfer
24-h and 4-h CMI responses, the protective immunity in the
chickens appears to be mediated by a population of Lyt2+-
like T cells. The putative Lyt2+-like cytotoxic T cells, when
driven to expand by the antigenic epitope(s), on exposure to
live parasites secreted IFN--y or other factors to lyse the host
cells carrying the parasites, while at the same time activating
M+. Activated M4 may cause parasite attrition outside the
host cells or, alternatively, in the host cells, as has been
shown for malarial parasites (14). Consistent with this ob-
servation, studies with other parasites have shown that a
nonliving vaccine fails to generate protective immunity
against Schistosoma mansoni in certain strains of mice, even
when Th-1 type L3T4+ cell functions, i.e., ability to mount
the DTH and antibody responses, are intact (20, 21). The
failure of these mice to mount a protective immune response

is attributed to their inability to generate M4-activating
factors. Likewise, the development of resistance to Leish-
mania major in genetically susceptible mice has been shown
to require depletion of an L3T4+ T-cell subset (42, 53). In a

recent study, L3T4+ cells have been shown to play a

predominant role in protective immunity against Eimeria
vermiformis in mice (40); however, since the study was not
performed with cloned T cells, small numbers of contami-
nating Lyt2+ T cells may have contributed to the observed
protective effects, especially when large numbers of L3T4+
cells (2 x 108 to 3 x 108 cells per mouse) were transferred.
It may be argued that the Th-2 type L3T4+ T-cell subset that
produces IFN--y may have been involved in protection, but
the class II-restricted cytotoxic activity of L3T4+ or CD4+
helper-inducer T cells is generally seen in permanent T-cell
lines and is rare or absent in the original starting cultures or

circulating T cells (7). The involvement of other effector
cells, such as the NK cells or even polymorphonuclear
leukocytes, which are also activated by IFN--y (46) and have
been shown to be important effector cells of the CMI
response in the intestinal tract (4), needs careful investiga-
tion.

Nonspecific immunodepression has been observed in par-

asitic infections (30), but the specific aspects of it are not

clear and neither is its significance in regulation of parasite-
specific responses. In general, the 24-h CMI response is
difficult to induce in chickens without using potent adjuvants
(38), and, interestingly, in the present study the 24-h CMI
response did not correlate with protection. Such a response

may therefore represent a bystander effect caused by acti-
vation of the Th-1 type L3T4+ subset of T cells, which may

be involved in the early regulatory phases of the CMI
response, as has been recently shown in studies on the

generation of CMI responses to Listeria monocytogenes (2)
and to Trypanosoma cruzi (51) in mice. In the light of growth
and functional properties of mammalian Th-1 and Th-2 type

L3T4 cells (9, 34), it is possible that the T-cell subset
(represented by clone 21) stimulated more strongly during

priming with anti-Id encourages similar responses upon

exposure to parasites and inhibits the other subset (clone 27)
on a reciprocal basis. In conclusion, protective immunity
against Eimeria parasites in chickens appears to be mediated
by T cells similar to those that induce the 4-h CMI response,

which may be represented by T cells from clone 21, which
display the properties of a cytotoxic T cell. With the estab-
lishment of technology for cloning parasite-specific T cells in
chickens (6) and development of monoclonal antibodies for
identification of some of the marker molecules, such as CD4
and CD8 (8), similar to those of mammals, a clearer defini-
tion of T cells in chickens is foreseeable.
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