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INVESTIGATIONS ON A Theileria SPECIES

FROM AN IMPALA

J. G. GROOTENHUIS,rn A. S. YOUNG,E1� C. D. KIMBER

� and S. A. DREVEMOrn,�13

Wildlife Diseases Research Project,NJ Veterinary Research Laboratory, P.O. Kabete, Kenya

Immunological Research on Tick-borne Diseases and Tick Control Project,{1J East African

Veterinary Research Organization, P.O. Box 32, Kikuyu, Kenya

Abstract: An immature impala (Aepyceros meiampus), captured in the Machakos
district of Kenya, had Tlzeiieria-like parasites in its erythrocytes.
Blood from this animal was inoculated into a Theileria-free impala born in captivity
and a Tizeileria-free, splenectomized steer. Theilerial piroplasms were detected in
the erythrocytes of the recipient impala 10 days after inoculation, and a peak
parasitaemia of 2% was reached after 48 days, but no infection was detected in
the steer. Anaemia developed in the recipient impala in association with the theilerial
infection. The morphology of the theilerial piroplasm is described. Possibly dividing
parasites were identified. Attempted tick transmission of the impala Theileria to a
steer using the ixodid tick, Rhipicephalus appendiculatus, was unsuccessful.
With an antigen prepared from the impala blood and the indirect fluorescent anti-
body test, this parasite was serobogically distinct from other theilerial parasites
isolated from Bovidae in East Africa.

INTRODUCTION

In East Africa there is a greater di-
versity of ungulates than in any other
comparable area of the world and in the
family Bovidae 46 species have been re-
corded.’ Of these 46 species, most of
those examined have been shown to har-
bour parasites of the family Theileriidae’
which are well known protozoan patho-
gens of domestic bovids. Since Theileria

from wild animals may play an impor-
tant robe not only in wild animal disease,’
but also in the epizootiobogy of cattle
theileriosis’’2t’ there is considerable in-
terest in determining their inter-relation-
ship.

There have been previous reports of
Theileria in impala’’1’ but their rela-

tionship to other theiberial parasites is
not known.’#{176}This paper reports prelimi-
nary experiments to determine the re-
lationship of Theileria species of an
impala to other theilerial parasites of
East African Bovidae.

MATERIALS AND METHODS

Experimental animals

A juvenile male impala was captured
on a farm in the Machakos District of
Kenya, where it was confined to a por-
table pen for 3 weeks. It was then trans-
ported to Kabete and housed for one
month before experimentation. Theilerial
parasites were detected in blood smears.

and E�J Projects supported by the United Nations Development Programme with the Food and
Agriculture Organization of the United Nations as the Executing Agency, in co-operation

with the Kenya Government and the East African Community respectively.
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This animal was chosen as a donor ani-
mal for an attempted transmission.

A female impala was also captured on
the same farm and after transport to
Kabete gave birth to a calf. Blood smears
from this calf were examined regularly
for theilerial parasites but none were
found. At eight months of age this ani-
mal was used as a recipient for infected
blood in the transmission experiment.

For attempts to infect cattle, a steer
of Bos taurus type was used. This steer
was placed in isolation immediately after
birth and splenectomized at three months
of age and was approximately one year
old at the start of the experiments.
Another steer, also of Bos taurus type,
obtained from a farm where strict acari-
cidal regimes were practised, was trans-
ported to Kabete at nine months of age.
All animals at Kabete were kept in tick
free conditions.

Ticks

Rhipicephalus appendiculatus from the
Kabete colony, maintained according to
Bailey,’ were used for transmission ex-
periments.

Specimen collection

Before examination, the impala were
immobilized using a Cap-Chur Gun�
with xylazineEt� as the anaesthetic (0.6-
1.5 mg/kg body weight). Experimental
cattle were examined every second day
and the impala every third day. During
experiments, blood, with EDTA as an
anticoagulant, was collected from the
jugular veins of the animals at regular
intervals for blood smears and haema-
tology. Other samples of blood were al-
lowed to clot and serum was collected.
Blood smears were stained in Giemsa
and examined for the presence of theiler-
ial piroplasms. In some cases lymph node
biopsies were taken, smears prepared,
stained in Giemsa and examined for the

presence of theilerial schizonts. Haema-
tology was carried out by standard pro-
cedures with the use of a Coulter Coun-
ter.{6� Rectal temperatures were taken.

Attempted transmission of impala Theileria

When its parasitaemia increased to 2%
the donor impala was bled from the
jugular vein, using heparin (20 i.u./ml
of blood) as an anticoagulant. Twenty
ml of blood was inoculated into the
recipient impala, half intravenously and
half subcutaneously. Concurrently a simi-
lar amount of blood was inoculated into
the splenectomized steer.

R. appendiculatus larvae were applied
in a cotton bag to the ears of the donor
impala.’ As they became engorged the
larvae were collected daily and allowed
to moult to nymphs. 500 nymphs from
this batch were applied to an ear of a
steer and allowed to feed to repletion.

Serology

A piroplasm antigen (IPA) was pre-
pared for use in the indirect fluorescent
antibody test (IFA) from the blood of
the recipient impala according to the
methods of Burridge.’ The parasitaemia
of Tizeileria in the impala blood was 2%,
lower than is usually found satisfactory
for a slide antigen. This was compensa-
ted for by the large number of erythro-
cytes per microscopic field as impala
have very small erythrocytes (3.2-4.8
� in diameter).’

The IPA was then evaluated against
standard control sera of a variety of
theilerial parasites”7 using the IFA test
with a fluorescein isothiocyanate anti-
cattle globulin.’ Also, the IPA was used
in the IFA test to detect antibodies
against impala Theileria in the experi-
mental animal. Positive control serum
obtained from the donor impala was
tested for cross reactions with various
theilerial antigens7 as shown in Table 1.

Palmer Chemical and Equipment Co. Inc., Box 867, Douglasville, Georgia, U.S.A. 30134.

� Rompun, Bayer Agrochem Ltd., Eastern Way, Bury St. Edmunds, Suffolk, U.K.

[ti Coulter Electronic Inc., Hialeah, Florida, U.S.A.
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Scale equals 4j.sm.

RESULTS

When blood smears from the donor
impala were first examined, theilerial
piroplasms were detected in its erythro-
cytes in low numbers (approximately
0.3% of erythrocytes infected). During 3
weeks of observations these piroplasms

increased until 2% of the erythrocytes

were infected. Lymph node biopsies were

QOb

�III�
FIGURE 1. Piroplasms in the blood of impala:

a-c forms with solid cytoplasm

c-I vacuolated forms

m-p forms in “binary fission”

q-t forms in “quarternary fission”

taken during this period but no theilerial
schizonts were detected.

Piroplasms were first detected in the
blood of the recipient impala 10 days
after inoculation. The parasitaemia grad-
ually increased until it reached a peak of
2% of the erythrocytes infected after 48
days. At this stage the parasitaemia be-
gan to decrease. In an attempt to exacer-
bate the parasitaemia the impala was

OC©d
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then splenectomized, but it unfortunately
died after the operation.

No febrile response was observed dur-
ing the course of the theilerial infection;
however, the animal became anaemic.
The erythrocyte count base-line of 35.9
x 10’ RBC/mm’ decreased to 15.5 x 10’
RBC/mm’ and the packed cell volume
decreased from 57% to 36%. Associated
with this was a fall in haemoglobin levels
from 21.2 to 11.5 g/i00 ml. The leuco-
cyte count increased slightly from 3,831
to 5,373/mm’.

No infection developed in the splenec-
tomized steer after the inoculation of
impala blood nor in the steer which re-
ceived the ticks.

The morphology of the impala Theil-

eria in the erythrocytes of the donor and
recipient impala was studied in some

detail. The piroplasms in the donor im-
pala were mostly small vacuolated forms
with relatively large nuclei (Fig. 1 c-i).
The piroplasms varied in length from
0.7gm to 2.S,�m, the smaller parasites
being ring-shaped and the larger para-
sites oval. A few piroplasms with non-
vacuolated cytoplasms were detected.
These were usually rod-shaped varying
in length from O-SMm to 2.2gm (Fig. 1,
a-c). Apparently dividing parasites were
rare. During the rising parasitaemia small
parasites with solid cytoplasm were most
abundant (Fig. 1, a-c). In a sample of
1000 piroplasms 65.6% of the parasites
had non-vacuolated cytoplasm and
30.1 % of the parasites were vacuolated.
This was the reverse of the situation in
the donor impala. Also in the recipient
impala, forms of the parasite thought to
be undergoing division were more com-
mon: 3.3% were thought to be under-
going binary fission (Fig. I, m-p) and
1.0% quarternary fission (Fig. 1, q-t).

The IPA antigen prepared from the re-
cipient impala was tested against sera
from animals infected with various other
Theileria, using the IFA test. The results
are summarised in Table 1. No cross-
reactions were observed with other Thei-

lena. However, sera obtained from the
donor impala gave a titre against the
IPA of up to 1/2560. This serum was

used as an impala Theilenia positive con-
trol serum and no significant titres
against antigens of other theilerial para-
sites were observed (Table 1).

During the investigation the donor
impala sera had antibody titres against
the impala T/ieileria antigen of 1/640 to
1/2560. The recipient impala had a titre
of 0 before inoculation of impala blood
and this rose to 1/160 during the resul-
tant infection. The experimental cattle
had a titre of 0 against the impala
Theileria antigen throughout the experi-
ments.

DISCUSSION

It was shown that the impala Theileria

was blood transmissible within the spe-
cies. This suggests that these piroplasms
divide in erythrocytes similarly to T.

mutans of cattle.2” Apparently dividing
piroplasms detected in the erythrocytes
of impala were thought to represent
stages in quanternary and binary fission,
which have also been described in T.

mutans infections.1’

The impala Tlzeileria was neither
transmitted by blood to a splenectomized
steer nor by R. appendiculatus to a steer.
This agrees with the lack of success in
tick transmitting Tizeilenia from impala
to cattle as reported by previous wor-
kers,’ (A. S. Young, unpublished data).

The serological investigation suggested
that the impala Tlzeileria was distinct
from other theilerial species studied. The
impala Theileria, however, has been
placed in the family Theileriidae because
of morphological and behavioural resem-
blances of its piroplasms to those of T.

mutans and other theilerial species. In
this paper we have demonstrated the
usefulness of susceptible wild bovids in
the study of Theileria and thrown some
light on the relationships of impala
Theileria. Before the exact role of wild
Bovidae in the theileriosis of domestic
animals can be established, more exten-
sive work on the relationships of wild
bovid Theilenia will have to be under-
taken.
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