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EAST COAST FEVER: CHARACTERIZATION OF THE PARASITE
The Theileria parasites which cause East Coast fever threaten about 15 million cattle over a large area of
Africa—comprising parts of Kenya, Tanzania, Uganda, Sudan, Rwanda, Burundi, Zaire, Malawi, Zambia,
Zimbabwe and Mozambique. In spite of widespread efforts to control East Coast fever, primarily by
controlling the ticks which transmit the parasites, the severe form of the disease appears to be spreading
in some parts of the region, particularly in southern Zambia and southern Sudan.

Approximate distribution of T parva in East and Central Africa. The distribution of the parasite may vary
depending on control programs in different areas. ILRAD has isolated and characterized T parva stocks
from Tanzania, Uganda, Rwanda, Burundi, Malawi, Zambia and Zimbabwe in collaboration with scientists
from each country. Four stocks from Kenya (Muguga, Mariakani, Marikebuni and Laikipia/7014), one stock
from Uganda (Uganda) and one stock from Zimbabwe (Boleni) have been selected for intensive
characterization.
Some cattle which become infected with East Coast fever recover naturally, and these animals often
show resistance to subsequent infection. Observations of acquired immunity in the field have prompted
research aimed at developing an immunization procedure which would protect cattle against East Coast
fever infection.
ILRAD is working with national governments and international organizations to test and improve an
immunization procedure based on infection with live parasites and concurrent drug treatment, most often
with a longacting formulation of oxytetracycline. This procedure is currently being tested in Kenya,
Tanzania (Zanzibar and Pemba), Zimbabwe, Burundi, Malawi and Zambia. However, it has become clear
from these trials that the immunity stimulated by infection and treatment may be limited in some situations.
Protection may not be effective unless several parasite strains present in a particular area are included in
the immunizing infection. Yet what is an East Coast fever strain?
The term East Coast fever is used to describe an acute disease caused by parasites attributed to the
subspecies Theileria parva parva and transmitted between cattle by the brown ear tick, Rhipicephalus
appendiculatus. Corridor disease is caused by Theileria parva lawrencei parasites, transmitted by the
same ticks to cattle from wild buffalo. A milder disease is caused by another putative subspecies, Theileria
parva bovis. These three groups of Theileria parasites cannot be distinguished by their appearance or by
routine serological analysis.
These parasites have been distinguished in the field primarily by the clinical syndromes they produce.
Theileria p parva infection in cattle results in an acute, often fatal, disease with large numbers of parasites
in the white and red blood cells. Theileria p lawrencei parasites can be isolated from virtually every buffalo

in the endemic region, but do not cause disease in these animals. When these parasites are transmitted to
cattle a very severe disease occurs, often resulting in death, although fewer parasites are observed than
in T p parva infections. However, when parasites originating from a buffalo are transmitted and passaged
in cattle, the infection begins to resemble 'classical' East Coast fever caused by T p parva. Theileria p
bovis has been described in Zimbabwe as a theilerial subspecies which causes a mild infection in cattle. It
is not firmly established whether these mild infections are caused by parasites belonging to a separate
subspecies, T p bovis, or whether they are caused by mild strains of T p parva which are also
encountered in other countries.
It is clear that, different, immunologically distinct, groups exist even among parasites which fit the general
description of T p parva, because cattle which are immune to one T p parva population may not resist
infection with another. If a vaccine against East Coast fever is to protect cattle against infection, it must
stimulate immunity against the different theilerial parasites the animals are likely to encounter in the field.
Such a vaccine might be based on a single antigen or a small number of antigens found in common
across many groups of Theileria parasites, or a vaccine might be developed which includes different
protective antigens derived from each group of parasites found in a particular area or over a broader
region.
Scientists at ILRAD are working to develop innovative East Coast fever vaccines which will overcome
some of the drawbacks of the infection and treatment method. Two stages of the parasite life cycle are
being studied which may provide the basis for a genetically engineered vaccine—the sporozoite stage
which is transmitted to cattle through the bite of infected ticks and the pathogenic schizont stage which
develops in the white blood cells of the infected host.
The components of Theileria sporozoites which have been isolated and which may provide the basis for a
vaccine appear to be the same for parasites from different groups of T p parva and T p lawrencei. Thus a
sporozoite vaccine might protect cattle against a wide range of different Theileria parasites. However, the
first sporozoite vaccines which were developed against the malaria parasite did not give full protection. A
Theileria sporozoite vaccine may reduce the severity of infection by blocking or neutralizing many of the
sporozoites transmitted by infected ticks but may not provide complete immunity.
ILRAD scientists are also trying to identify components of Theileria schizonts or schizontinfected cells
which stimulate immunity. Immune responses against schizontinfected cells are important in protection
but they appear to be specific to particular strains of the parasite. For this reason, a schizont vaccine will
probably have to include material from different groups of parasites.
Clearly, to develop an effective vaccine, reliable techniques are required to distinguish the groups of East
Coast fever parasites which may be encountered in the field and to determine which among them may be
crossprotective. Will immunity stimulated against one group of parasites also protect against another?
The classical way to answer this question is through crossimmunity testing in cattle. However, cross
immunity trials are timeconsuming and expensive and the results are not always free of ambiguity.
Thus there is an urgent requirement for practicable and reliable laboratory methods to categorize Theileria
parasites into groups and elucidate their crossprotective potential in cattle. Not only is it necessary to
characterize parasite populations in order to develop an effective East Coast fever vaccine, but regional
organizations and national governments in Eastern and Southern Africa need improved methods of
parasite characterization in order to define the patterns of East Coast fever infection in their countries and
to assess control programs already being implemented.

Preliminary characterization
For many years, researchers and veterinary officers have been collecting East Coast fever parasites in
the field, either by gathering ticks or making isolates from infected animals. These parasites are taken to
laboratories and characterized in terms of infectivity, sensitivity to drug treatment and other traits. They are
categorized, usually in crossimmunity trials, but no laboratory technique has been developed which will
predict whether immunity against one set of parasites will also protect against another. It has also become
increasingly clear that parasites isolated in the field usually consist of more than one antigenically distinct
population.
A population of live parasites collected on a single occasion is called an isolate. When these are brought
to the laboratory and preserved by freezing, they become a stabilate. All the parasites derived from a
single isolate, including stabilates in ticks and infected cell lines from cattle or buffalo, are called a stock. A
strain would be a population of organisms which share clearly defined characters of biological significance:
in the case of East Coast fever parasites this would relate principally to crossimmunity. A clone would be
a group of parasites derived from a single organism. Although it has been possible for some time to clone
bovine cells which are infected with Theileria parasites, researchers are just now developing techniques to
clone the parasites themselves.
The search for an effective method to characterize Theileria parasites has moved in recent years from
original optimism concerning the potential of individual techniques to a broader, more systematic

examination of several different approaches. To test the accuracy of the various methods being
developed, work at ILRAD has focused primarily on six stocks which have already been relatively well
characterizedT p parva Muguga, Mariakani and Marikebuni from Kenya, T p parva Uganda, T p bovis
Boleni from Zimbabwe and T p lawrencei 7014/ Laikipia from Kenya.
Bulk stabilates of each stock have been prepared from groundup infected ticks and from dissected tick
salivary glands. These have all been tested for infectivity. A standard battery of bovine cells has been
infected with each stock and cell lines established so that all parasites may be tested against a common
hostcell background. Cloned infected cell lines have been established for many of these stocks by limiting
dilution. These standardized, relatively well characterized parasites are now being analysed using several
different techniques—monoclonal antibody screening, DNA characterization, protein analysis and
observation of strainspecific immune responses. The results obtained with each procedure will be
compared and evaluated.

Screening with monoclonal antibodies
A great deal of work on the characterization of Theileria stocks in vitro has been based on the recognition
of parasite antigens by monoclonal antibodies, detected by the indirect fluorescent antibody (IFA) test.
Monoclonal antibodies are produced from hybrid cells formed by the fusion of mouse spleen cells, primed
to produce specific antibodies, and mouse tumour cells capable of growing and multiplying in vitro.
Whereas sera from infected cattle can be expected to respond to a wide range of parasite antigens,
monoclonal antibodies are useful for distinguishing parasite stocks because each one recognizes a single
antigenic determinant.
The monoclonal antibodies raised at ILRAD against Theileria sporozoites appear to detect surface
antigen(s) common to many different parasite stocks, suggesting that a sporozoite vaccine might confer
broad protection. By contrast, some monoclonal antibodies raised against schizontinfected cells detect
antigens specific to different parasite stocks, making them useful reagents for detecting antigenic
differences that might define Theileria strains.

Reactions of seven monoclonal antibodies to nine Theileria stocks. The monoclonal antibodies were
raised against Theileria parasites taken from a cow (U792) infected with buffalo (5641)derived
sporozoites. None responded specifically to parasite stocks derived from buffalo. Results were similar
regardless of whether the monoclonal antibodies were raised against purified schizonts or against whole
infected cells.
A panel of 20 antischizont monoclonal antibodies produced against different Theileria stocks has been
used to screen hundreds of isolates collected throughout the endemic region. This panel is made up of
seven monoclonal antibodies raised against the Muguga stock of T p parva, six raised against T p parva
Kiambu 5, three raised against T p parva Marikebuni and four raised against T p lawrencei parasites
derived from a captive buffalo. The antigens recognized by these antibodies are not necessarily
responsible for stimulating immunity in cattle, and thus patterns of monoclonal antibody response may not
correspond with crossprotection patterns in vivo. However, monoclonal antibody responses remain the
same when a parasite stock is used to infect cells from different cattle and after passage through ticks,
indicating that the antigens recognized by these monoclonal antibodies are a fixed character of the
parasites.
As additional monoclonal antibodies were raised and more isolates screened, a greater complexity in the
patterns of monoclonal antibody responses was observed. Recent work in this area has focused primarily
on T p lawrencei because parasites isolated from buffalo appear to show a great deal of antigenic
diversity and, perhaps for this reason, the immunity stimulated by infection and treatment sometimes
breaks down when cattle are exposed to buffaloderived parasites in the field.
In 1986, scientists from the Kenya Agricultural Research Institute took blood samples from 45 freeranging
buffalo in the Masai Mara Game Reserve in Kenya. Samples were also taken repeatedly from six buffalo

calves captured in separate areas of Kenya—three from Masai Mara, one from the TransMara and two
from Laikipia District—and from one buffalo born in captivity and infected with a T p lawrencei stabilate in
1983. Theileriainfected cells lines were derived from 11 of the 45 isolates from wild buffalo, from all the
captured calves and from the buffalo infected in captivity. In all cases, the reactions of ILRAD's 20
monoclonal antibodies showed marked antigenic diversity among parasites isolated in the same location
and even among parasites isolated at different intervals from the same animal.
The monoclonal antibody responses to cloned cell lines derived from these isolates indicated that some
isolates contained several antigenically distinct Theileria populations. The antigenic character of individual
clones remained stable during prolonged in vitro cultivation, suggesting that the diversity demonstrated in
the original isolates was most likely due to the presence of a number of different strains. These results
suggest that T p lawrencei parasites might not transform into T p parva when transmitted between cattle,
but rather the changes in the nature of infection which have been observed could be due to selection of
certain strains in cattle from among the many present in the buffalo carriers.
Further work was carried out in 1987 to evaluate the characteristic of Theileria parasites isolated from
buffalo and from cattle infected with buffaloderived parasites. One goal was to explore whether any
antigenic characteristics could be identified which might be used to distinguish T p lawrencei from T p
parva. Seven new monoclonal antibodies were raised from fusions of mouse spleen cells which were
primed to recognize Theileria schizont antigens derived from a cow infected with sporozoites from a
buffalo. These monoclonal antibodies were screened against five of ILRAD's reference stabilates—T p
parva Muguga, Mariakani, Marikebuni and Uganda and T p bovis Boleni—against parasites derived from
two buffalo and against the same parasites used to raise the monoclonal antibodies in the first place.
None of the new monoclonal antibodies was specific for T p lawrencei, that is recognizing antigens on all
the buffaloderived parasites and on none of the others. Among the antigens recognized, T p parva
Muguga and T p bovis Boleni had the highest proportion in common with the buffaloderived parasites.
while T p parva Mariakani had the lowest. Results were similar regardless of whether the monoclonal
antibodies were raised against purified Theileria schizonts or against whole infected cells

Characterization of parasite DNA
Analysis at the genomic level may offer the possibility of characterizing Theileria parasites more precisely
than has been achieved so far by other methods. Two approaches are being pursued at ILRAD:
observation of difference in DNA sequences using restriction enzymes and gel electrophoresis, and
hybridization with cloned fragments of parasite DNA used as probes.

Observation of DNA sequences
Differences in the chromosomes of several parasites, including trypanosomes, can be observed by
alternating or pulsed field gel electrophoresis. This involves adding whole DNA to one end of an agarose
gel and subjecting the gel to electrical charges. The chromosomes move through the gel at different rates,
depending on their size, so that the smallest chromosomes move all the way to the bottom while the
largest remain near the top. Differences in chromosome sizes among different parasite populations can
thus be identified by observing bands of chromosomes at different locations in the gels.
This technique was not successful when used to analyse Theileria DNA because most of the
chromosomes are large and remain together at the top of the gel. In order to overcome this problem,
restriction enzymes were used to split Theileria DNA into fragments and the fragments were separated by
contourclamped homogeneous electric field electrophoresis. This approach is based on the fact that
different restriction enzymes cut DNA at different specific nucleotide sequences. If the sequence
recognized by a particular enzyme occurs frequently, then the DNA will be cut into many small fragments;
if the sequence occurs less often, the resulting fragments will be larger and fewer in number. Assuming
that different species and strains of Theileria are characterized by different DNA sequences, then
restriction enzymes should cleave their DNA into different numbers and sizes of fragments which can be
distinguished according to their position after electrophoresis on an agarose gel.
Digestion of DNA from T p parva Muguga by the restriction enzyme Sfi 1 resulted in approximately 28
fragments ranging in size from 1 million to 40,000 base pairs. Comparison between different stabilates of
T p parva Muguga showed no differences in genomic profiles, suggesting that the parasites had remained
genetically stable following passage through cattle and ticks.
Patterns of Sfi 1 enzyme cleavage were compared using DNA from T p parva Muguga, Mariakani,
Marikebuni, Kibarani (from Kenya), Pemba/Mnarani (from Tanzania) and Uganda as well as from an
isolate of another Theileria species, T mutans. Results showed detectable differences in the number and
size of fragments in each stock. These differences remained constant whether DNA was prepared from
the sporozoite, schizont or piroplasm stage of the parasite life cycle.

Piroplasm DNA from the (1) Muguga, (2) Kilifi, (3) Mariakani and (4) Kibarani stocks of T p parva were
digested with the restriction enzymes EcoRI or Hind III. The DNA fragments were electrophoresed on 1%
agarose gels, blotted onto nylon filters and probed with a radiolabeled T p parva Muguga DNA probe.
Differences in the hybridization patterns, seen in this autoradiograph, can be used to distinguish these
Theileria stocks from each other.
The restriction enzyme Not 1 was also used to digest DNA from the Muguga, Marikebuni, Uganda and
Kibarani stocks and resulting fragments were separated by field inversion gel electrophoresis. This
enzyme cleaved the Uganda, Marikebuni and Kibarani DNA into four fragments and the Muguga DNA
into five. Using this technique, the average size of the T p parva genome was estimated at 9 million base
pairs. The genomes of the Uganda and Marikebuni stocks were smaller than those of the other socks
examined. Cleavage with both restriction enzymes revealed clear differences between T mutans and all
the T p parva stocks examined.
Overall, this technique appears promising for the identification of Theileria stocks and species. However, it
is not yet clear whether it can be used successfully to identify potentially crossprotective strains.

DNA hybridization probes
Studies were initiated in 1985 to identify DNA sequences which could be used as probes to distinguish T
parva subspecies and strains. DNA was obtained from T p parva Muguga piroplasms, broken up
mechanically by shearing or by treatment with restriction enzymes and the fragments inserted into the
genome of the lambda gt 11 bacteriophage, resulting in the generation of a library of genomic DNA
fragments. Hybrid virus was used to infect the bacterium Escherichia coli and the bacterium was
subsequently cloned. These clones were probed with radiolabeled total DNA from T p parva Muguga
piroplasms and from uninfected bovine lymphocytes. Three clones showed strongly positive signals,
suggesting that they encode Theileriaspecific repetitive sequences. None of the cloned sequences
hybridized with DNA from T mutans, Theileria taurotragi or Theileria annulata, suggesting that they may
be species specific. They were used as probes to screen five Kenyan stocks of T p parva — Muguga,
Kilifi, Mariakani, Kibarani and Marikebuni — together with T p parva Uganda, T p bovis Boleni and T p
lawrencei 7014/ Laikipia. All three probes were capable of distinguishing different parasite stocks in
preparations of schizontinfected cells or purified piroplasms.

Further analysis with these DNA probes has suggested the presence of mixed parasite populations in
some of the stocks tested. Work is now in progress to investigate the possibility of selection or genetic
rearrangement during parasite development in the bovine host, the tick vector or in culture.
Using similar techniques, a number of DNA clones have been prepared from T p parva Mariakani
piroplasms. These clones are awaiting further characterization to determine their usefulness as probes. In
addition to their potential use in epidemiological studies in the field, DNA sequence probes may eventually
provide information on relationships between different T parva stocks.
Focus on parasites from buffalo
Considerable work has concentrated on identifying genotypic characteristics which might be used to
distinguish T p lawrencei from T p parva. Two of ILRAD's T p parva Muguga DNA probes —1gTpM23
and 1gTpM58 — were used to screen DNA prepared from three buffalo, two infected naturally and one
infected experimentally with T p lawrenceitype parasites, as well as from cattle infected with sporozoites
derived from the experimentallyinfected buffalo. These probes had shown similar hybridization patterns
when T p parva Muguga parasites were used to infect either buffalo or cattle cells in vitro, indicating that
they could be used with cells from either host species.
The 1gTpM23 probe revealed differences in DNA hybridization among cloned infected cells from the
experimentally infected buffalo. These correlated with differences shown when the cloned cells were
screened with ILRAD's panel of 20 monoclonal antibodies. Thus one clone and its subclones elicited a
positive reaction from 14 of the monoclonal antibodies on the panel, in a pattern similar to that of T p
parva Muguga. By contrast, the other clones and subclones reacted with fewer of the monoclonal
antibodies, in patterns typical of parasites isolated from buffalo rather than classical T p parva. The
1gTpM5 8 probe hybridized well to the first clone, but less well to the others. This suggests that some
parasites isolated from a Theileriainfected buffalo may be more similar to T p parva, in terms of the
genomic sequences detected by ILRAD's DNA probes, than other parasites isolated from the same
buffalo. Unfortunately, attempts to infect cattle with these infected cells were not successful, so it was not
possible to evaluate the characteristics of the parasites in vivo.
However, seven cattle were infected with sporozoite stabilates prepared from ticks which fed on this
infected buffalo at different times over a 420day period. Theileria parasites isolated from these cattle
were compared with parasites isolated from the buffalo over the same period. In addition, isolates were
taken from a naturallyinfected buffalo which had originally provided the parasites used to infect the buffalo
used in this study and these were also evaluated.
When infected cells from the seven cattle were screened with ILRAD's panel of monoclonal antibodies,
they all showed remarkably similar response patterns. Monoclonal antibody responses to these cattle cells
resembled responses to cells from the original, naturally infected buffalo more closely than they resembled
responses to cells from the buffalo from which the parasites in the cattle were derived. In this case, the
DNA hybridization patterns obtained using the 1gTpM23 and the 1gTpM58 probes did not correspond to
the patterns of monoclonal antibody response. None of the bovine isolates showed the same hybridization
patterns with either probe as those obtained with cells from the two buffalo, suggesting that the bovine
hosts might have selected minor populations from the original isolates. Another interpretation of these
results might be that a rearrangement occurred within the genome of the parasites during passage from
buffalo to cattle.
In conclusion, none of the buffaloderived parasites used in these studies showed any specific phenotypic
or genotypic characteristic—detectable with ILRAD's existing monoclonal antibodies or DNA probes—
which would distinguish them from T p parva These results confirmed evidence from several other
studies, suggesting that the classification of Theileria parva parasites into three subspecies, though
convenient for workers in the field, may be without biological basis.
Detection of parasite DNA in ticks
The presence of Theileria parasites in infected ticks can be detected by examining stained smears of tick
salivary glands by light microscopy, but it is not possible to distinguish Theileria stocks or even species by
this method. In 1987, ILRAD scientists tested whether Theileria infections could be detected in tick
salivary glands using two of the DNA probes developed to detect parasites in bovine cells.
Ticks were fed on cattle infected with bulk stabilates of the Muguga. Marikebuni, Mariakani, Uganda and
Zanzibar South stocks of T p parva. One gland from each tick was used for hybridization with one of the
DNA probes, while the other was examined by light microscopy. In infected ticks, parasites were detected
with the DNA probes in as few as one infected acinus of the salivary gland, while no hybridization
occurred in uninfected ticks. Infection was detected using either probe in one salivary gland of more than
90% of the ticks in which parasites were detected in the other salivary gland by light microscopy. A
comparison by light microscopy of left and right salivary glands revealed parasites in only one gland in 6%
of the ticks examined. This suggests that the level of detection using the two DNA probes was probably
highly accurate.

These results show that the DNA probes available at ILRAD can be used to detect Theileria parasites in
the salivary glands of infected ticks. Future plans include using these probes to examine ticks infected with
other species of Theileria to ensure that the probes are specific for T parva.

Analysis of parasite proteins
The analysis of Theileria proteins by twodimensional gel electrohyoresis is being investigated as a means
of distinguishing parasite species, subspecies and strains. Another objective is to identify changes in host
cell proteins which may be associated with Theileria infection.
Parasite schizonts were purified from cloned and uncloned cell lines infected with different Theileria
stocks. These were radiolabeled with 35Smethionine which labels the majority of proteins, and the
proteins were separated in polyacrylamide gels, first according to electrical charge and then according to
size. When parasites from ILRAD's bulk stabilates of T p parva Muguga and Marikebuni and Mariakani
were compared, only minor differences were found. Differences were also minor between cloned and
uncloned cell lines of the Muguga and Marikebuni stocks. T p bovis Boleni and the 7014/Laikipia stock of T
p lawrencei were indistinguishable from the T p parva stocks, but another stock of T p lawrencei (IC11
/E8) showed marked differences. This T p lawrencei stock also elicited a distinctive pattern of monoclonal
antibody responses. The overall profile for a stock of T annulata was similar to that of different T parva
stocks, although charge and molecular weight shifts were observed for some major proteins.
Proteins from T parvainfected and uninfected bovine cells were compared using different types of
radiolabeling. Using 35Smethionine, a basic protein of 14,000 daltons was identified on all cell lines which
was specific for cells infected with two different stocks. When 3H was used to label glycoproteins, marked
differences were observed between uninfected and infected cells, with the appearance of glycoproteins of
165,000 and 215,000 daltons and the disappearance of 140,000 and 180,000 dalton glycoproteins after
infection. Using 125I to label cell surface proteins, an acidic protein of 215,000 daltons was detected which
was specific for infected cells. Further work in this area includes biochemical studies of infectionspecific
proteins plus further analysis of proteins from different Theileria stocks.

Strainspecific immune responses
There is evidence that when cattle develop resistance to T parva infection—either following natural
infection and recovery or after immunization by infection and treatment—protective immunity involves
cytolytic (cellkilling) responses by a population of host T lymphocytes which are stimulated specifically to
kill Theileriainfected cells. Cytolytic T lymphocytes which respond to parasitized cells have also been
observed in the blood of infected buffalo.
Studies at ILRAD have shown that cytolytic T lymphocytes in cattle are restricted by major
histocompatibility complex (MHC) molecules on the surface of host cells: they kill infected cells from the
same animal and from animals of matched MHC type, but not infected cells from animals of different MHC
types. This indicates that the cytolytic cells may recognize some parasiteinduced antigenic change on the
surface of parasitized cells in conjunction with host MHC molecules.
Studies on cytolytic T lymphocytes have been conducted in vivo and in vitro using cattle immunized with
the Muguga and Marikebuni stocks of T p parva. These stocks were selected because cattle immunized
with the Marikebuni stock are protected against challenge with both stocks of the parasite, whereas a
proportion of cattle immunized with the Muguga stock succumb to challenge with Marikebuni.
Parasite strainspecificity was examined in four cattle immunized against T p parva Muguga. Cells taken
from each animal before immunization were infected in vitro with parasites of either the Muguga or
Marikebuni stock. Cytolytic cells taken from two of the cattle after immunization killed target cells infected
with Muguga only, whereas cells taken from the other two cattle killed target cells infected with either
stock. These results reflect the strain specificity of responses in some, but not all, cattle immunized against
T p parva Muguga, suggesting that strainsspecific immunity in vivo may be due to the specificity of T
lymphocyte responses.
Similarly, cytolytic T lymphocytes taken from an animal immunized against T p parva Marikebuni killed
target cells infected with both the Marikebuni and Muguga stocks. Again these results are consistent with
results from crossimmunity testing in cattle and suggest that cytolytic T lymphocytes might provide useful
reagents for characterizing Theileria species and strains.
However, it is not possible to type parasite populations definitively using uncloned T lymphocytes from
immunized cattle because uncloned lymphocytes may include T cells which differ in their parasite strain
specificity. For this reason, clear typing results can only be obtained using cloned cells.
Cytolytic T lymphocyte clones have been derived from cattle immunized with either T p parva Muguga or
T p parva Marikebuni. Clones generated against the Muguga stock only killed target cells infected with T p
parva Muguga, whereas clones generated against the Marikebuni stock killed target cells infected with

either of the two stocks. These findings indicate that cloned T lymphocytes derived from cattle immunized
with T p parva Muguga or Marikebuni recognize two different antigenic determinants, one of which is
shared between the two parasite stocks. These studies are currently being extended to test the specificity
of these clones against a wider range of parasite stocks.
Although the antigens recognized by these T lymphocyte clones are almost certainly of direct relevance to
immunity, there are practical problems in using cloned T cells as typing reagents. High levels of expertise
and sophisticated equipment are required to maintain these cells in culture, involving the regular addition
of growth factors and appropriate parasitized stimulator cells. In addition, the parasitized cells to be
characterized must originate from cattle of defined MHC type, and the typing procedures require the use
of radioactive isotopes. Whereas strain characterization using Tcell clones has potential value as an
experimental tool, it is unlikely that this approach can be developed for use as a routine procedure for
screening Theileria isolates.

Conclusion
Work is still in progress using all the methods described here to characterize Theileria strains and possibly
identify strains which will stimulate broad protection in cattle. In addition, cells infected with each of the
parasite stocks selected for study are being examined for sensitivity to titrated doses of the drugs available
at present to treat East Coast fever—oxytetracycline, parvaquone, buparvaquone and halofuginone.
Groups of cattle, randomized in terms of MHC type, will each be immunized with a different one of the six
selected bulk stocks and challenged with the other five. Results will be analysed to determine any
relationships or differences between the stocks in terms of crossprotection. By the end of 1988, it should
be possible to compare the results of all the studies reported here and to identify any correlations among
the different methods of characterization. These comparisons should provide some better answers to the
questions posed at the outset—what subspecies or strains of Theileria cause East Coast fever, what is
their relationship to each other, and might it be possible to identify one or a few strains which will confer
broad protection against this deadly disease?
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