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Abstract The isolation of Theileria annulata-infected
lymphocytes using blood from an animal suffering from
Mediterranean theileriosis as a source of parasites is
described. The present work reports the first isolation
and establishment in in vitro culture of a T. annulata-
infected cell line from southwestern Europe, where
Mediterranean theileriosis causes important economic
losses, especially in southern Spain. The parasite was
identified by staining of cells from culture with Giemsa,
by immunofluorescent antibody techniques (IFAT), and
by isoenzyme characterization. The possibility of using
this T. annulata-infected lymphoblastoid cell line to
obtain an antigen for diagnosis of Mediterranean thei-
leriosis by IFAT and to develop a tissue-culture vaccine
against this disease in our geographic area shows the
significance of this isolation and culture.

Introduction

Theileria annulata is a protozoan parasite of cattle and
other livestock that is transmitted by ticks of the genus
Hyalomma and causes a disease named tropical or
Mediterranean theileriosis. This disease affects cattle in a
wide strip that covers southern Europe, northern Africa,
and the Middle East and reaches the South of the former
USSR, India, and China (Purnell 1978). In all the af-
fected countries in which the disease has been studied in

depth, research on the isolation and in vitro culture of
the causative agent has been carried out (e.g., Pipano
et al. 1989; Singh et al. 1993). In Spain, cases of Medi-
terranean theileriosis from the first third of this century
have been described (Salvans-Bonet 1928), and the
parasite has been identified in several areas of the
country (Garcı́a-Fernández et al. 1985, 1987). To date,
no study has been carried out in Spain to isolate cell
lines of the parasite or to characterize them, which
would represent the first specific step in the fight against
this disease. In the present paper we describe the isola-
tion and establishment in in vitro culture of the first
T. annulata-infected lymphoblastoid cell line from an
enzootic area of Spain.

Materials and methods

For the isolation of Theileria annulata-infected lymphocytes a 4-
year-old cow from a farm in Algar (province of Cádiz, southern
Spain) with an acute stage of the disease was used. The isolation was
made from blood according to the method of Pipano et al. (1989).

Isolation method

Peripheral blood lymphocytes of cattle were collected by density-
gradient centrifugation on Ficoll-Paque (Bøyum 1968) from Phar-
macia. The lymphocyte layer was collected and washed in
ethylenediaminetetraacetic acid (EDTA)-Na2 (0.025%) in phos-
phate-buffered saline (PBS, pH 7.2). The cell pellet was resuspended
in 5 ml of RPMI-1640 + 20% (v/v) heat-inactivated fetal bovine
serum and was transferred to a 25-cm2 culture flask and kept at
37°C in an atmosphere comprising 5% CO2 in air. After 24 h the
cells had attached to the inner surface of the culture flask, at which
time the supernatant was discarded and fresh medium was added.
The culture was monitored daily and the medium was renewed two
to three times a week. The culture was considered to be established
when a semiconfluent monolayer of cells was observed, and sub-
culturing was done when necessary (Brown 1987; Pipano 1989).

Identification of the isolated parasites

For confirmation that the isolate was T. annulata, the culture of
infected lymphocytes was stained with 10% Giemsa in PBS
(pH 7.2) to identify the schizonts in the cells. An immuno-
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fluorescent antibody test (IFAT) was also carried out to identify the
schizonts using a previously tested, positive specific control serum.
The same techniques were simultaneously carried out on a culture
of cell line 529, an established T. annulata-infected lymphoblastoid
cell line from Israel. In addition, the donor animal was checked and
diagnosed for Mediterranean theileriosis after observation of ty-
pical clinical signs and laboratory confirmation.

Isoenzyme characterization

Melrose et al. (1980, 1984) reported that isoenzyme polymorphism
studies applied to the characterization of T. annulata strains had
shown that only one enzyme, glucose phosphate isomerase (GPI),
was of taxonomic value. In this way, we compare the Spanish isolate
(line 28E) with another from Israel (line 529). Noninfected bovine
lymphocyte line BL-20 (Hall et al. 1990) served as a control for
differentiation of the enzymes associated with the host cell versus the
parasite cells. The cells were collected from cultures; after being
washed, they were treated with 5% Triton X-100, and ‘‘pearls’’ were
made by the introduction of 50-ll aliquots of the suspension into a
glass containing liquid nitrogen (Maazoun et al. 1981; Martı́n-
Sánchez 1992). Thereafter these pearls were kept in liquid nitrogen.
Electrophoresis was carried out on starch gel prepared at 10% as
described by Melrose et al. (1984) and Martı́n-Sánchez (1992), fo-
cusing on the following enzymes: malic enzyme (ME, E.C. 1.1.1.40),
phosphoglucomutase (PGM, E.C. 2.7.5.1), malate dehydrogenase
(MDH, E.C. 1.1.1.37), and GPI (E.C. 5.3.1.9).

Results

Isolation of the parasites and establishment in culture

Using the blood of a dairy cow suffering from acute
Mediterranean theileriosis and showing typical clinical
signs of the disease (which led to death 3 days later),
smears stained with Giemsa were prepared, revealing a
high level of parasitemia (13% of the erythrocytes), but

no schizont was observed by light microscopy (Fig. 1).
Nevertheless, the infected lymphoblastoid cells were
successfully isolated from the blood sample. A 4-day
period of culture was necessary for observation of the
cells attached to the inner surface of the flask. These cells
grew until they formed a monolayer that could be sub-
cultured as an established cell line named 28E (Fig. 2).
The growing cells were stained with Giemsa and fluor-
escent antibody for identification of the Theileria annu-
lata inside them (Fig. 3).

Isoenzyme characterization

On starch-gel electrophoresis the isolate from Spain (line
28E) showed a GPI isoenzyme pattern different from
that of the isolate from Israel (line 529; Fig. 4). The
other isoenzymes studied (ME, PGM, and MDH)
showed identical isoenzyme patterns in a comparison of
the 28E and 529 cell lines under our experimental con-
ditions. The nonparasitized cell line (BL-20) was useful
as a tool for control of the host-cell enzymes.

Discussion

In the present work we isolated and established an in
vitro culture of the first Theileria annulata-infected

Fig. 1 Giemsa-stained thin-blood film obtained from the dairy cow
infected with Theileria annulata from which the parasite was isolated.
× 1200

Fig. 3 a Giemsa-stained and b fluorescent smears of bovine lympho-
blastoid cells containing T. annulata schizonts from established
cultures. × 1200

Fig. 2a, b T. annulata-infected
lymphoblastoid cells established
in culture. a At 10 days after
isolation. b Confluent mono-
layer culture. × 260
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lymphoblast cell line from southwestern Europe (Figs. 2,
3), where Mediterranean theileriosis has not yet been
considered an important problem. However, numerous
clinical cases are diagnosed every year by veterinarians
in enzootic areas, at least in southern Spain, causing
important economic losses.

According to Young (1981), the identification of
Theileria species following morphological criteria is not
precise enough, but immunology techniques such as the
IFAT seem to be useful for the identification of Theileria
species. To differentiate between strains of T. annulata,
specific monoclonal antibodies or isoenzyme determi-
nations have been used. In this sense, Melrose et al.
(1980, 1984) have shown that GPI is the only enzyme
that has taxonomic value for the differentiation of
strains.

We carried out starch-gel electrophoresis of iso-
enzymes of ME, PGM, and MDH. The patterns of these
isoenzymes were found to be the same between the two
compared stocks (28E and 529), and although they have
no taxonomic value, they serve to corroborate bio-
chemically that our isolate is T. annulata as determined
by comparison with cell line 529.

On the other hand, for confirmation of the GPI
polymorphism (Melrose et al. 1980, 1984) between two
stocks from different Mediterranean theileriosis-enzootic
areas, starch-gel electrophoresis was used. As expected,
because of the large geographic distance between the two
isolates (the first being from Spain and the second, from
Israel) the GPI band pattern of the 28E cell line was
clearly different from that of cell line 529 (Fig. 4).
Likewise, the identity of the patterns of the ME, PGM,
and MDH isoenzymes as determined between cell lines
28E and 529 suggests a high level of conservation of
these enzymes in T. annulata.

Finally, the isolated 28E cell line can be used to
produce an antigen for the IFAT and also makes fea-
sible the development of a tissue-culture vaccine against
Mediterranean theileriosis for use at least in the South of
Spain and, perhaps, in neighboring countries.
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Tunisie. Ann Parasitol Hum Comp 56: 131–146

Martı́n-Sánchez J (1992) Identificación del agente etiológico de las
leishmaniosis en sus diferentes hospedadores, canino, humano y
flebotomo vector, en el sudeste de España: aplicación de la
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