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Immunization with Theileria parva Parasites from Buffaloes Results
in Generation of Cytotoxic T Cells Which Recognize Antigens
Common among Cells Infected with Stocks of T. parva parva,

T. parva bovis, and T. parva lawrenceit
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Immunity to infection by the protozoan parasite Theileria parva in cattle is partially attributable to cytotoxic
T cells, which kill lymphocytes infected with the schizont stage of the parasite. Here we evaluated five stocks
of buffalo-derived 7. parva lawrencei parasites and two stocks of cattle-derived . parva parva parasites for their
ability to induce in vivo cytotoxic T cells which can kill lymphocytes infected with a wide variety of strains of
T. parva parasites. A group of seven full-sibling cattle, produced by embryo transfer and matched for at least
one major histocompatibility complex class I haplotype, were immunized by infection and treatment with the
parasite stocks. Target cells used in in vitro cytotoxicity assays were infected with five buffalo-derived parasite
stocks and five cattle-derived parasite stocks, including 7. parva parva and T. parva bovis. Inmunization with
any of the seven parasite stocks resulted in the generation of cytotoxic T cells which recognized parasite
antigens on most if not all of the target cell lines tested, although the 7. parva bovis stock was the least effective
at doing so. Further in-depth analyses performed with peripheral blood mononuclear cells from one of the
cattle immunized with T. parva lawrencei parasites showed that the pattern of killing of the panel of target cells
was altered when either cells infected with different parasite stocks or clones of infected cells were used as
stimulator cells in vitro, suggesting the presence of more than one population of parasite-specific cytotoxic
effector cells in the peripheral blood mononuclear cells. However, clones of these cytotoxic effector cells
recognized common or cross-reactive antigen epitopes expressed by the entire panel of infected target cells.
These T-cell clones will be useful for identifying common T-cell antigen epitopes of 7. parva and the parasite

genes encoding them.

The protozoan parasite Theileria parva is the causative
agent of the tick-transmitted cattle disease East Coast fever.
East Coast fever is endemic in a large area of East and
Central Africa, where it is an important cause of mortality in
cattle. The existence of multiple strains of the parasite is a
major hindrance to exploitation of the currently available
method of immunization by infection and treatment, since
immunization with individual parasite stocks may not pro-
tect against challenge with all heterologous stocks (8, 17,
27-29). However, animals immunizéd with buffalo-derived
T. parva lawrencei parasites are frequently protected against
a broader spectrum of parasite stocks, including both T.
parva lawrencei and T. parva parva (11, 29, 31).

Immunity is at least partially attributable to a cell-medi-
ated immune response which includes cytotoxic T cells,
which kill parasite-infected cells (12, 15, 24, 26). It is
believed that immune T cells recognize parasite-derived
antigens on the surfaces of infected cells in conjunction with
self major histocompatibility complex (MHC) antigens. The
differences in the abilities of different parasite strains to
induce cross-protective responses are probably a result of
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antigenic differences in these cell surface determinants. Both
bovine helper (2) and cytotoxic (16) T-cell clones which
recognize strain-specific antigens on the surfaces of infected
cells have been generated in vitro, as have cytotoxic T-cell
clones which recognize antigens common to cells infected
with T. parva parva (Muguga) and T. parva parva (Marike-
buni) (23). Cytotoxic T cells from naturally resistant African
buffaloes have also been described (3), and it has been
hypothesized that they recognize parasite-derived antigens
which are common among cells infected with different par-
asite strains (3), thus providing immunity to a wide range of
parasite strains. Preferential induction of cytotoxic cells
recognizing common parasite antigens could be the result of
a prevalence of these antigens on cells infected with stocks
of buffalo-derived T. parva lawrencei parasites.

In this study, we evaluated the parasite strain specificities
of cytotoxic T cells generated in cattle immunized with one
of five different stocks of buffalo-derived T. parva lawrencei
parasites and compared them with those generated in cattle
immunized with the cattle-derived parasite stock 7. parva
parva (Uganda) or T. parva bovis (Boleni). These cattle-
derived stocks were chosen to compare with the buffalo-
derived stocks because they have been reported to provide
protection against infection with a large variety of other
parasite stocks (17a). T cells recognizing parasite antigens
common among cells infected with different T. parva para-
site strains would be useful in further studies for identifying
parasite-derived peptides which contain common antigen
epitopes and the genes coding for these peptides, with a view
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towards constructing a subunit recombinant vaccine against
. East Coast fever.

MATERIALS AND METHODS

Parasite stocks and infection of ticks. Rhipicephalus appen-
diculatus ticks, maintained as a colony at the International
Laboratory for Research on Animal Diseases (ILRAD),
were infected by allowing them to feed on infected buffaloes
or cattle, and sporozoite stabilates were made from them as
described previously (9, 19). Infected buffaloes used for
parasite stock isolations were numbers 7013, 7014, and 7065
captured in the Nanyuki area of Kenya and numbers 6998
and 6999 from the Mara area of Kenya. They were main-
tained in captivity at the Veterinary Research Laboratories,
Kabete, Kenya. The T. parva parasite stocks derived from
the buffaloes are referred to as T. parva lawrencei and
designated with the appropriate buffalo number. The cattle-
derived stocks used were T. parva bovis (Boleni), ILRAD
3039A (21); T. parva parva (Muguga), ILRAD 3087 (4); T.
parva parva (Mariakani), ILRAD 3029 (17); T. parva parva
(Marikebuni), ILRAD 3014 (17); and T. parva parva (Ugan-
da), ILRAD 3066A.

Immunization of cattle. Seven Boran (Bos indicus) female
or castrated male cattle of the same age were used for
immunization. They were the progeny of a single bull and
cow, produced by embryo transfer (18), and had BoLA class
I phenotypes w2/w6 and KN8/KN12, respectively. The
cattle identified as D487, D503, and D504 had the serologi-
cally defined BoLA class I phenotype w6/KN12, and the
cattle identified as D482, D494, D505, and D508 had the
phenotype w6/KN8. All seven cattle were negative for
antibodies to Theileria, Babesia, Trypanosoma, and Ana-
plasma species and were clinically normal at the outset of
the study. They were immunized with T. parva parasites by
the method of infection and treatment (28) with frozen
material as follows: D482 with T. parva lawrencei (7014),
D487 with T. parva bovis (Boleni), D494 with T. parva
lawrencei (6999), D503 with T. parva parva (Uganda), D504
with T. parva lawrencei (6998), D505 with T. parva lawren-
cei (7013), and D508 with T. parva lawrencei (7065). All the
animals except T. parva bovis (Boleni)-infected animal D487
were treated after 4 days with a second dose of long-acting
oxytetracycline (Terramycin LA; Pfizer, Sandwich, United
Kingdom), and some showing severe reactions were treated
with parvaquone (Clexon; Wellcome, Nairobi, Kenya) (10).

Isolation of PBM. Blood was collected from the jugular
veins of cattle into Alsever anticoagulant solution, and
peripheral blood mononuclear cells (PBM) were separated
by Ficoll-Hypaque centrifugation (20).

T. parva-infected cell lines. Before they were immunized,
two of the seven experimental cattle, D482 and D504, served
as donors of PBM for in vitro infection with 7. parva
sporozoites to establish the infected cell lines (5) used as
target and stimulator cells. Infected cell lines are designated
by the animal number from which the lymphocytes were
obtained, followed by the parasite stock with which the
lymphocytes were infected, e.g., D482 T. parva parva
(Muguga). Seven days after infection, PBM from animal
D482, which was infected in vitro with sporozoites of T.
parva lawrencei (7014), were cloned by limiting dilution as
described previously (3).

To compare the antigenic compositions of the various
parasite stocks, we tested cell lines infected with buffalo- or
cattle-derived parasite stocks by the immunofluorescent-
antibody test (13) with monoclonal antibodies (MAb) to
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Theileria schizont antigens (22, 25). Restriction fragment
length polymorphisms among the cell lines infected with
buffalo-derived parasites were examined with a T. parva-
specific repetitive DNA probe (1, 6). ‘

Uninfected lymphoblasts for use as control target cells in
cytotoxicity assays were established and maintained as
described previously (3).

MHC typing of infected cell lines. PBM and parasitized cell
lines were typed for their MHC class I antigens as described
previously (30).

Generation and assay of cytotoxic cells in bulk cultures. To
generate cytotoxic cells, we stimulated PBM in vitro in the
autologous Theileria mixed-leukocyte reaction with an opti-
mal number of stimulator cells essentially as described
previously (14, 15) and tested them for cytotoxic activity in
a 4-h MIn release assay (16).

Cloning of effectors. Bulk-cultured PBM which had been
stimulated three times in vitro with gamma-irradiated 7.
parva-infected cells were depleted of BoT4™ cells and
cloned as described previously (16). After 2 weeks of cultur-
ing, wells were screened for cell growth, and cells were
tested for cytotoxic activity as indicated above and ex-
panded. To expand the cloned cells, we distributed the
contents of an individual well into 96 wells of round-bottom
microtiter plates. A cell suspension (100 wl) containing 5 X
10* autologous irradiated infected cells and 30% T-cell
growth factor in RPMI 1640 (without N-2-hydroxyethylpip-
erazine-N'-2-ethanesulfonic acid [HEPES]) with 10% heat-
inactivated fetal bovine serum, 50 pg of gentamicin per ml,
and 5 X 1075 M 2-mercaptoethanol (complete culture me-
dium) was added to each well, and the plates were incubated
at 38°C in a humidified incubator containing 5% CO, in air.
After 2 to 3 weeks, the cloned cells were further expanded in
96-well round-bottom microtiter plates as described above or
in 24-well culture plates by seeding 2 X 10° cloned cells and
1 X 106 to 2 X 10° irradiated infected cells per well in a total
volume of 2 ml of complete culture medium containing 15%
T-cell growth factor.

RESULTS

Characterization of parasite stocks. To compare the para-
site stocks used here for differences or apparent identity, we
stained the infected cell lines with MAb to schizont mem-
brane antigens (Table 1). In some cases, a different schizont
antigen profile was obtained when cells from different ani-
mals were infected with the same parasite stocks. For
example, cell lines D482 T. parva lawrencei (7014) and D504
T. parva lawrencei (71014) differed in their reactivities with
MAD 15 and 18, and cell lines D482 T. parva lawrencei (7013)
and D504 T. parva lawrencei (7013) differed in their reactiv-
ities with MADb 15. In other instances, cells infected with
different parasite stocks had identical antigen profiles: D482
cells infected with the parasite stock T. parva lawrencei
(7013) had the same profile as D482 cells infected with T.
parva lawrencei (6999), and D504 T. parva lawrencei (7013)
had the same profile as D482 T. parva lawrencei (7014).
Among the cell lines infected with the cattle-derived parasite
stocks, the schizont antigen profiles were the same for PBM
from different cattle infected with the same parasite stock,
except for those infected with T. parva parva (Uganda),
which differed in their reactivities with MAb 18.

Probing of DNA from the 10 cell lines infected with
buffalo-derived parasites with a 623-bp repetitive DNA frag-
ment cloned from the genome of T. parva parva (Muguga) (1)
revealed parasite heterogeneity in addition to that demon-
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TABLE 1. MAD profiles of schizont antigens analyzed by the immunofluorescent-antibody test

T. parva-infected cell line
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strated by the MAD profiles. All cell lines exhibited distinct
restriction fragment length polymorphism profiles, except
for D482 T. parva lawrencei (6998) and D504 T. parva
lawrencei (6998), which showed no obvious differences (Fig.
1). When identical quantities of DNA from the infected cells

123456 7891

FIG. 1. Restriction fragment length polymorphism analysis of
cell lines infected with parasite stocks derived from buffaloes.
EcoRlI-restricted DNAs from D504 cells infected with T. parva
lawrencei (7065) (lane 1), (7014) (lane 2), (7013) (lane 3), (6998) (lane
4), and (6999) (lane 5) and from D482 cells infected with T. parva
lawrencei (7065) (lane 6), (7014) (lane 7), (7013) (lane 8), (6998) (lane
9), and (6999) (lane 10) were transferred onto nitrocellulose and
probed with a radiolabeled 623-bp repetitive DNA fragment from T.
parva parva (Muguga). Filters were washed with 2x SSC (1x SSC
is 0.15 M NaCl plus 0.015 M sodium citrate) at 65°C. The size
markers were lambda DNAs digested with HindIII; sizes are given
in kilobases.

were analyzed, three cell lines, D504 T. parva lawrencei
(7065), D504 T. parva lawrencei (7014), and D482 T. parva
lawrencei (7065), produced stronger signals than did the
others, suggesting either that they had a greater degree of
homology with the probe or that there was a greater propor-
tion of parasite DNA to host cell DNA in these infected cell
lines. Some cell lines which had identical MADb profiles, e.g.,
D482 T. parva lawrencei (7013) and D482 T. parva lawrencei
(6999), were markedly different when assessed for restriction
fragment length polymorphisms with the repetitive-sequence
DNA probe (Fig. 1, lanes 8 and 10).

Cytotoxic response of bulk cultures from immune animals.
To assess the parasite strain specificity of PBM from the
immunized cattle, we tested them for cytotoxicity on the
panel of target cells. PBM were stimulated two, three, or
four times in vitro with cells infected with the same parasite
stock as that which was used to immunize the animal. In
most instances, maximal cytotoxicity for the infected target
cells occurred after two or three stimulations (Fig. 2). No
killing of uninfected blast cells ever occurred.

A summary of the maximal cytotoxic responses is pre-
sented in Fig. 3. Cytotoxic cells from D482 [immunized with
T. parva lawrencei (7014)] yielded more than 50% killing of
all the target cell lines infected with buffalo-derived stocks
and those infected with T. parva parva (Uganda), T. parva
parva (Marikebuni), and T. parva bovis (Boleni), about 45%
killing of T. parva parva (Mariakani)-infected cells, and
virtually no Killing of T. parva parva (Muguga)-infected
cells, even after four stimulations of the PBM in vitro (Fig.
2). A similar pattern of killing was seen with cytotoxic cells
from D505 [immunized with 7. parva lawrencei (7013)] and
D508 [immunized with T. parva lawrencei (7065)]. Cytotoxic
cells from D504 [immunized with T. parva lawrencei (6998)]
differed in that they did not kill target cells infected with T.
parva lawrencei (6999), were less than 50% cytotoxic for T.
parva lawrencei (7014)-infected cells, and killed compara-
tively more 7. parva parva (Muguga)-infected cells. Cyto-
toxic cells from D494 [immunized with T. parva lawrencei
(6999)] yielded high levels of Kkilling of target cells infected
with T. parva parva (Marikebuni), T. parva lawrencei (7014),
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FIG. 2. Analysis of the parasite strain specificities of cytotoxic
cells from animal D482 stimulated with cells infected with T. parva
lawrencei (7014) and tested on target cells infected with the follow-
ing buffalo- or cattle-derived T. parva parasites: +, T. parva
lawrencei (7014); A, T. parva lawrencei (7013); O, T. parva parva
(Marikebuni); +, T. parva parva (Uganda); A, T. parva parva
(Muguga); and @, none (uninfected blast cells). They were tested
after two (A), three (B), or four (C) stimulations in vitro.

and T. parva lawrencei (6998), intermediate levels of killing
of those infected with T. parva lawrencei (7065) and T. parva
lawrencei (6999), and low levels of killing of those infected
with T. parva lawrencei (7013), T. parva parva (Uganda), T.
parva parva (Muguga), T. parva parva (Mariakani), and T.
parva bovis (Boleni).

Cytotoxic cells from the steer immunized with T. parva
parva (Uganda), D503, yielded more than 50% cytotoxicity
for all the infected target cell lines, except for those infected
with T. parva lawrencei (6998) and T. parva lawrencei
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FIG. 3. Maximal cytotoxic responses of PBM from the following
seven immune cattle after two, three, or four stimulations in vitro at
an effector/target ratio of 40:1 or lower: A, D504 stimulated with T.
parva lawrencei (6998); +, D503 stimulated with T. parva parva
(Uganda); O, D487 stimulated with T. parva bovis (Boleni); ¢, D482
stimulated with T. parva lawrencei (7014); B, D494 stimulated with
T. parva lawrencei (6999); O, D505 stimulated with 7. parva
lawrencei (7013); and A, D508 stimulated with 7. parva lawrencei
(7065). Target cell lines: TpM, T. parva parva (Muguga); TpA, T.
parva parva (Marikebuni); TpR, T. parva parva (Mariakani); TpB,
T. parva bovis (Boleni); TpU, T. parva parva (Uganda); 6998, 6999,
7013, 7014, and 7065 are T. parva lawrencei parasites from the
buffalo number indicated; unif—, uninfected blast cells.

(6999). The most marked feature of the cytotoxicity of the
D503 cells, in contrast to cytotoxic cells from the cattle
immunized with buffalo-derived parasites, was the very high
level of killing of the cell line infected with T. parva parva
(Muguga) (85% cytotoxicity). Killing by cytotoxic cells from
D487 [immunized with T. parva bovis (Boleni)] was overall
lower than that by cytotoxic cells from the other cattle, being
between 40 and 60% for all the infected target cell lines,
except for those infected with T. parva lawrencei (7065), T.
parva lawrencei (7014) and T. parva lawrencei (6999), for
which killing was between 20 and 40%.

MHC restriction of bulk cultures of cytotoxic cells. The
Theileria-specific bulk-cultured cytotoxic lymphocytes from
animals D505 and D482 (MHC phenotype w6/KN8) and from
animals D487 and D504 (MHC phenotype w6/KN12) were
tested for MHC restriction by using targets cells which were
infected with T. parva parva (Marikebuni) and which were
autologous, matched for both MHC BoLLA A locus haplo-
types, matched for one haplotype, or MHC mismatched.
The highest level of killing with PBM from D505 and D482 at
an effector/target ratio of 40:1 was for the autologous or fully
MHC-matched target cell line (98 and 65%, respectively),
and the next highest level of killing was for the half-matched
target cell line with the phenotype w10/KN8 (75 and 35%,
respectively). After the second stimulation, there was little
or no killing of the half-matched target cell line with the
phenotype w6/w7 (less than 15%), and there was no killing of
the mismatched target cell line with the phenotype w10,
KN104/W10. The results with Theileria-specific cytotoxic
cells from animals D487 and D504 indicated that the cyto-
toxic cells were restricted by KN12: the levels of killing with
D487 and D505 were 65 and 43%, respectively, for the fully
matched or autologous cell line and 63 and 25%, respec-
tively, for the target cell line matched for KN12 only. There
was little or no killing of target cells with the phenotype
w6/w7 (18 and 10%, respectively), and there was no killing of
the mismatched cell line.

Analysis of parasite strain specificities after stimulation of
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FIG. 4. Analysis of the parasite strain specificities of PBM from
animal D482 after three stimulations in vitro with cells infected with
T. parva lawrencei (7014) (A) or T. parva parva (Muguga) (B) and
tested on autologous target cells infected with the following buffalo-
or cattle-derived T. parva parasites: +, T. parva lawrencei (7014);
A, T. parva parva (Marikebuni); O, T. parva lawrencei (7013); +, T.
parva parva (Muguga); A, T. parva parva (Uganda); and @, none
(uninfected blast cells).

cultures with cells infected with parasites other than the
immunizing strain. Killing with bulk-cultured PBM from five
of the immunized cattle was lowest for target cells infected
with T. parva parva (Muguga). Further experiments were
therefore conducted to determine whether common antigens
existed between T. parva parva (Muguga)-infected cells and
cells infected with buffalo-derived parasites. To do this, we
stimulated PBM from animal D482 with cells infected with T.
parva parva (Muguga) to preferentially expand any effector
cells which recognized antigens shared between cells in-
fected with T. parva parva (Muguga) and T. parva lawrencei
(7014). The level of proliferation achieved was comparable
to that obtained when cells infected with T. parva lawrencei
(7014) were used to stimulate PBM from animal D482
(results not shown).

Strain specificities of cytotoxic cells generated in cultures
of D482 PBM stimulated with cells infected with T. parva
parva (Muguga) were then compared with those of cytotoxic
cells generated in cultures of D482 PBM stimulated with 7.
parva lawrencei (7014): Stimulation of PBM with T. parva
parva (Muguga)-infected cells resulted in more than 50%
killing of T. parva parva (Muguga), T. parva parva (Ugan-
da), and T. parva parva (Marikebuni)-infected cells but
much less killing of cells infected with buffalo-derived para-
sites such as T. parva lawrencei (7014) and T. parva lawren-
cei (7013) (Fig. 4). In contrast, the effectors generated by
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stimulation of PBM with cells infected with T. parva lawren-
cei (7014) yielded high levels of killing of target cells infected
with T. parva lawrencei (7014) (the immunizing as well as the
stimulating strain), T. parva lawrencei (7013), T. parva parva
(Marikebuni), and 7. parva parva (Uganda) but low levels of
killing of T. parva parva (Muguga)-infected target cells (Fig.
4). These results indicated that the antigen(s) predominantly
recognized by cytotoxic cells generated by stimulation of
D482 PBM with T. parva parva (Muguga)-infected cells was
expressed at high levels on cells infected with cattle-derived
parasites but at low levels on cells infected with the buffalo-
derived parasites evaluated here. Furthermore, the different
pattern of killing observed when D482 PBM were stimulated
with the T. parva parva (Muguga)-infected cell line indicated
that the common or cross-reactive antigens predominantly .
recognized by this bulk effector population were distinct
from those generated when PBM were stimulated with the T.
parva lawrencei (7014)-infected cell line.

Analysis of parasite strain specificities after stimulation of
cultures with a cloned T'. parva-infected cell line. The ability of
in vitro-stimulated D482 PBM to Kkill cells infected with a
variety of different parasite stocks may have been partially
attributable to the fact that the uncloned cytotoxic cells were
produced by stimulation of the PBM culture with an infected
cell line which was composed of cells infected with different
parasites. To test this hypothesis, we stimulated PBM from
animal D482 [immunized with T. parva lawrencei (7014)]
with a clone of D482 T. parva lawrencei (7014)-infected
lymphocytes and compared their cytolytic activity with that
of PBM stimulated with the uncloned parent 7. parva
lawrencei (7014)-infected cell line. In both cases, there was a
high level of killing of the cloned T. parva lawrencei (7014)-
infected cells when they were used as targets, and the levels
of killing of target cell lines T. parva lawrencei (7013), T
parva parva (Muguga) and T. parva parva (Marikebuni)
were the same (Fig. 5). However, the levels of killing of the
uncloned T. parva lawrencei (7014)- and T. parva parva
(Uganda)-infected cells were lower when cytotoxic effectors
were generated by stimulation of PBM with the cloned T.
parva lawrencei (7014)-infected cell line. This result indi-
cated that the effector population generated by stimulation of
the PBM with the cloned infected cell line was more re-
stricted in its antigen recognition, probably because of a lack
of generation of effector cells which reacted with the pre-
dominant antigen(s) expressed on a proportion of the cells
within the heterogeneous T. parva parva (Uganda)- and T.
parva lawrencei (7014)-infected target cell lines.

Analysis of parasite specificities of cloned effector popula-
tions. The preceding experiments suggested that more than
one cytotoxic effector population reactive with cells infected
with T. parva was found in the PBM of D482 and may have
been responsible for the broad specificity of cytotoxicity that
we observed with the panel of target cells. To determine if
there was any single effector population which recognized an
antigen common to all the target cell lines tested and which
was expressed at high enough levels to result in significant
cytotoxicity of the infected cells, we established clones of
cytotoxic cells from the PBM of D482. Clones D482.32 and
D482.38 killed all 10 infected target cell lines tested but not
autologous uninfected blast cells (Fig. 6). The lowest level of
killing was for T. parva parva (Muguga)-, T. parva parva
(Mariakani)-, and 7. parva bovis (Boleni)-infected cells. The
patterns of cytotoxicity of two other clones, D482.35 and
D483.39, tested on four target cell lines [T. parva lawrencei
(7013 and 7014) and T. parva parva (Muguga and Marike-
buni)] were identical to that obtained with clone D482.38.
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FIG. 5. Analysis of the parasite strain specificities of PBM from
animal D482 after three stimulations in vitro with a clone of the T.
parva lawrencei (7014)-infected cell line (A) or the uncloned parent
T. parva lawrencei (7014)-infected cell line (B) and tested on
autologous target cells infected with the following buffalo- or cattle-
derived T. parva parasites: +, a clone of the T. parva lawrencei
(7014)-infected cell line; A, T. parva lawrencei (7014)-infected bulk
cell line; O, T. parva lawrencei (7013); A, T. parva parva (Muguga);
+, T. parva parva (Marikebuni); @, T. parva parva (Uganda); and
M, none (uninfected blast cells).

The patterns of cytotoxicity obtained with these three clones
were distinguished from that obtained with clone D482.32 in
that the level of killing by clone D482.32 was higher for T.
parva parva (Marikebuni)-infected target cells and lower for
T. parva lawrencei (7013)-infected target cells.

DISCUSSION

The number of 7. parva parasite strains is unknown, but
the evidence indicates that it is potentially vast (6, 7, 17, 22),
making the prospects for a subunit vaccine based on strain-
specific antigens very poor. This study investigated the
potential expression of common antigens which could be
recognized by parasite-specific cytotoxic effector cells. To
do this, we immunized cattle with one of seven parasite
stocks. The stocks were selected on the basis of results from
cross-immunity studies which indicated their potential for
inducing immunity to infection with a number of heterolo-
gous parasite stocks (29, 31; Irvin et al., in press; S.
Morzaria, personal communication). Since there is no single
stock representative of T. parva lawrencei (7), we evaluated
five different T. parva lawrencei stocks isolated from natu-
rally infected buffaloes obtained from two different localities
in Kenya. Characterization with antischizont MAb and
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repetitive-sequence  DNA probes indicated differences
among these five parasite stocks and heterogeneity within
stocks.

To compare the specificities of immune responses within
the group of animals immunized with the different parasite
stocks, we minimized genetic differences among the exper-
imental animals and phenotypic differences among the in-
fected target cell lines as follows. (i) PBM from only two of
the cattle (one each of MHC class I phenotypes w6/KN8 and
w6/KN12) were used for in vitro infection with sporozoites
to establish the target and stimulator cell lines. (ii) The
experimental animals used for immunization were the prog-
eny of a single bull and cow, produced by embryo transfer.
These cattle therefore had a high degree of genetic related-
ness and were matched for one or both alleles of the MHC
class I A locus antigens. Differences in immune responses to
T. parva parasites among the siblings can probably be largely
attributed to the antigenicity of the parasite stock rather than
to the influence of genetic differences, although the w6/KN8
cytotoxic cells were restricted largely by the KN8 determi-
nant and the w6/KN12 cytotoxic cells were restricted by the
KN12 determinant rather than by the w6 common haplo-
type, as hoped. Since it has been shown that the MHC
phenotype of an animal influences the parasite strain speci-
ficities of its cytotoxic cells (16a), some constraints must be
applied to generalizing the results.

The cytotoxic cells generated in bulk cultures of PBM
from the cattle immunized with the five buffalo-derived
parasite stocks were similar in their parasite strain specific-
ities. In most instances, there was a high level of killing of
target cells infected with buffalo-derived stocks and lower
levels of killing of target cells infected with cattle-derived
stocks, except for those infected with 7. parva parva
(Marikebuni), indicating an antigenic similarity or related-
ness between these cells and those infected with the different
buffalo-derived T. parva lawrencei parasites. The patterns of
cytotoxicity generated with these uncloned populations of
effector cells and the panel of heterologous target cells may
have resulted from the combined effect of several effector
populations, each with a distinct antigen specificity. This
was demonstrated to be the case for bulk cultures of cyto-
toxic cells from animal D482 in two experiments performed
here. In one experiment, when D482 PBM stimulated by
cells infected with T. parva parva (Muguga)- or with T.
parva lawrencei (7014)-infected stimulators were compared,
the pattern of cytotoxicity for the target cell panel was
altered, suggesting the recognition of different antigens and
therefore the generation of different effector populations,
depending on the stimulator cells used. In another experi-
ment, there was a lower level of killing of the uncloned
parent infected cell line when a clone of infected cells was
used as the stimulator than when an uncloned, probably
heterogeneous, cell line was used as the stimulator. This
population of effectors either did not react with as many cells
within the bulk (uncloned) infected cell line or recognized an
antigen(s) which was expressed at low levels on the cell
surfaces of a proportion of the cells within the bulk cell line.
We concluded that the ability of the bulk-cultured PBM to
kill target cells infected with a variety of different T. parva
parasites was dependent on either stimulation with a mixed
population of infected cells or stimulation with a population
of infected cells not represented by -the cloned infected cell
line used here.

We were, however, able to demonstrate that dominant
common or cross-reactive antigens were expressed on cell
lines infected with various parasite stocks by generating
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FIG. 6. Analysis of the parasite strain specificities of Theileria-specific cytotoxic clones from immune steer D482 stimulated with T. parva
lawrencei (7014) and tested on autologous target cells infected with the following buffalo- or cattle-derived T. parva parasites: (A) +, T. parva
lawrencei (7014); O, T. parva parva (Uganda); A, T. parva parva (Marikebuni); A, T. parva lawrencei (7013); +, T. parva parva (Muguga);
and @, uninfected blasts; (B) O, T. parva lawrencei (7065); V, T. parva lawrencei (6999); <, T. parva lawrencei (6998); ®, T. parva parva
(Mariakani); and W, T. parva bovis (Boleni). (Top) Clone D482.32. (Bottom) Clone D482.38.

clones of cytotoxic effector cells which had cytotoxic activ-
ity against the entire panel of infected target cell lines. The
different degrees of killing of the different target cell lines by
the cloned cytotoxic cells indicated either that the level of
expression of the common antigen that they recognized
varied among the cell lines infected with the different para-
site stocks or that some of the cell lines expressed a
cross-reacting rather than an identical determinant. Levels
of expression of the target antigens could either vary with
the cell cycle or be constitutively low on some cells. Nev-
ertheless, partial killing of some of the infected cell lines
probably was not indicative of an inability of such cytotoxic
cells to inhibit the growth of these cell lines, since Morrison
et al. (23) showed that cloned effectors which yielded partial
killing of T. parva parva (Marikebuni)-infected cells were
able to markedly inhibit the growth of these same cells in
vitro.

The buffalo-derived T. parva lawrencei stocks seemed
overall very effective in inducing cytotoxic cells which
reacted with common antigens on the surfaces of cells
infected with different parasite stocks, since all five ran-
domly chosen stocks representing parasites endemic in at
least two different geographical locations of Kenya were
very similar in this respect. An effective vaccine against East
Coast fever will probably have to combine more than one of
the major parasite-derived antigens which are expressed on
the surfaces of schizont-infected cells, since there are MHC
constraints in the effectiveness of some antigen epitopes in

stimulating cytotoxic T-cell responses (16a). It would obvi-
ously be advantageous to use parasite antigen epitopes
which are common among cells infected with different para-
site strains to reduce the total number required to yield
protection against a range of parasite stocks. The clones
generated during the course of this study will provide tools
for identifying such antigen epitopes and the parasite genes
encoding them.
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