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Abstract Field and experimental bovine infection sera
were used in immunoblots of sporozoite and schizont
lysates of Theileria parva to identify candidate diagnostic
antigens. Four parasite antigens of Mr 67,000 (p67),
85,000 (the polymorphic immunodominant molecule,
PIM), 104,000 (p104), and 150,000 (p150) were selected
for a more detailed analysis. The p67 and p104 antigens
were present only in the sporozoite lysates, whereas PIM
and p150 were found in both sporozoite and schizont
lysates. The four antigens were expressed as recombi-
nant fusion proteins and were compared with each other
in an enzyme-linked immunosorbent assay (ELISA) and
in the whole-schizont-based indirect ¯uorescent anti-
body test (IFAT) in terms of their ability to detect an-
tibodies in sera of experimentally infected cattle. The
PIM-based ELISA provided a higher degree of sensi-
tivity and speci®city than did the ELISA using the other
three recombinant antigens or the IFAT. Further eval-
uation of the PIM-ELISA using experimental sera de-
rived from cattle infected with di�erent hemoparasites
and ®eld sera from endemic and nonendemic T. parva
areas showed that the assay had a sensitivity of > 99%
and a speci®city of between 94% and 98%.

Introduction

Theileria parva is a tick-transmitted protozoan parasite
of cattle and African bu�alo. It causes a disease in cattle
that is variously called East Coast fever, January dis-
ease, or corridor disease (reviewed in Irvin and Morrison
1987). The parasite is transmitted by the tick Rhipice-
phalus appendiculatus and has two stages in the mam-
malian host: the schizont, which is found in lymphocytes,

and the piroplasm, which occurs in erythrocytes. In the
tick vector the infective sporozoite stage is found in the
salivary glands and is introduced during feeding. The
disease causes high morbidity and mortality in suscep-
tible cattle and is a major impediment to improvement
of cattle productivity in eastern, central, and southern
Africa. There are approximately 25 million cattle at risk,
and in 1989 alone, losses due to the disease were esti-
mated at U.S. $ 168 million (Mukhebi et al. 1991).

Currently the diagnosis of T. parva infection is based
on the demonstration of parasites in Giemsa-stained
blood and lymph-node smears and the detection of se-
rum antibodies to schizont antigens using the indirect
immuno¯uorescent antibody test (IFAT; Burridge and
Kimber 1972; Goddeeris et al. 1982). The parasitological
method has major limitations in that T. parva schizonts
and piroplasms are di�cult to di�erentiate from those of
other Theileria species, namely, T. taurotragi, T. mutans,
T. bu�eli, and T. velifera. The IFAT has many disad-
vantages, which include cross-reactivity due to the use of
crude antigens, di�culty in standardization, subjectivity
in interpretation of the results, and the impracticability
of processing large numbers of samples. It would
therefore be desirable to develop a serology test more
sensitive and speci®c than the currently available assays
to provide de®nitive screening for antibodies following
T. parva infection. In this paper we report on the de-
velopment of a highly sensitive and speci®c-enzyme
linked immunosorbent assay (ELISA), which is based on
a de®ned recombinant T. parva antigen.

Materials and methods

Animals

All experimental cattle were Boran (Bos indicus) steers that were
aged 4±8 months and were raised in a tick-free environment. Before
use they were screened by IFAT for antibodies against Theileria
parva (Goddeeris et al. 1982), T. mutans, Babesia bigemina (Bur-
ridge 1971), Trypanosoma vivax, T. brucei, and T. congolese (Ka-
tende et al. 1987) and by ELISA for antibodies against Anaplasma
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marginale (Voller 1977). Only those found to be negative in all the
tests were used in this study.

Parasites

The details of the parasites used to infect experimental animals in
this study are summarized in Table 1.

Infection of experimental cattle with various hemoparasites and
collection of sera

Cattle were experimentally infected with various hemoparasites for
the production of antisera. T. parva infections were produced in
®ve groups of cattle. The ®rst group of four calves aged 6 months
received ticks infected with T. parva Muguga stabilate 3087. The
second group of two calves was inoculated subcutaneously with
1 ml of sporozoites of T. parva Marikebuni stabilate 3014. The
third, fourth, and ®fth groups, consisting of two cattle each, were
similarly inoculated with 1 ml of sporozoites of T. parva Muguga
stabilate 3087, Uganda stabilate 3066, T. parva Boleni stabilate
3039, and T. parva bu�alo-derived stabilate 3081, respectively. A
large group of 112 cattle was infected at di�erent times with either
T. parva Muguga stabilate 3087 or Marikebuni stabilate 3014. The
cattle were treated with Parvaquone (Clexon, Pitman Moore, UK)
2 days after they showed schizont parasitosis and pyrexia.

For the production of antisera against other theilerial species,
ticks infected with the Intona strain of T. mutans were fed on four
calves. Another group of two cattle were infected by intravenous
inoculation of 5 ml of T. bu�eliMarula blood stabilate 3890, and a
further two cattle were infected similarly with 5 ml of T. taurotragi
blood stabilate 3211.

Antisera against B. bigemina, B.bovis, and A. marginale were
prepared as follows. Four calves were individually inoculated via
the jugular vein with 1 ml of sporozoites of B. bigemina stock B-2
sporozoite stabilate 3899, whereas two calves were similarly inoc-
ulated with 1 ml of B. bovis blood stabilate 3818 and one calf was
inoculated with 1 ml of B. bovis blood stabilate 3119. Two animals
were individually inoculated intravenously with 1 ml of A. mar-
ginale stabilate BK 131.

Blood samples for serum acquisition were collected from all the
cattle prior to infection and twice weekly for a period of 250 days
post-infection. Sera were prepared and stored at )60 °C.

Sera prepared from three cattle infected with tsetse-transmitted
T. brucei, T. congolense, or T. vivax were obtained from Dr. R.
Masake at ILRI. In addition, sera collected from 15 animals that
had been experimentally infected with Schistosoma bovis were

provided by Dr. Khitma Hassan Elmaliki, Department of Pre-
ventive Medicine, Veterinary School, University of Khartoum,
Sudan. Two serum samples were also obtained from cattle infected
with Fasciola hepatica during the chronic stage of infection.

Field sera were obtained from cattle from di�erent parts of the
world (Table 2). Positive standard sera were collected from animals
BJ 410 and C9. Animal BJ 410 was infected with T. parva (Mug-
uga), and serum was obtained when the antibody response ex-
ceeded 1:3,200 in an ELISA using crude schizont antigen (Katende,
unpublished data). Animal C9 was immunized against T. parva
(Muguga) by infection and treatment and was rechallenged by
application of infected ticks. The positive reference control serum
was collected from animal C9 when the antibody titer exceeded
1:5,000 as determined by the IFAT. Negative control serum was
obtained from an animal raised under tick-free conditions. It tested
negatively in the IFAT for antibodies against T. parva, T. mutans,
T. bu�eli, T. taurotragi, A. marginale, B. bigemina, T. brucei, T.
congolense, and T. vivax.

Preparation of schizont antigen and antibovine conjugates

The T. parva schizont antigen used in the IFAT was prepared by
®xation of T. parva Muguga-infected lymphocytes in suspension
with acetone and formaldehyde (Goddeeris et al. 1982). The antibo-
vine immunoglobulin (Igs) conjugates were prepared by conjugation
of ¯uorescein isothiocyanate (FITC) or horseradish peroxidase
(HRP) to goat antibovine Ig as described by Katende et al. (1990).

Immunoblotting

Immunoblotting was carried out by standard procedures. The ly-
sates of sporozoites and schizonts were separated by electrophoresis
through a 7.5 to 17.5%-gradient sodium dodecyl sulfate-poly-
acrylamide gel (Laemmli 1970), and the separated antigens were
transferred onto nitrocellulose membranes (Towbin et al. 1979).
The membranes were probed with sera, at a dilution of 1:20, from
naturally and experimentally infected cattle that had previously
been shown to contain antibodies to T. parva by IFAT. The blots
were developed with 125I anti-bovine Ig followed by autoradio-
graphy.

Preparation of the recombinant antigens

The cDNA encoding antigen p67 was isolated by immunoscreening
of a lambda gt11 library with immune sera (Iams et al. 1990; Nene

Table 1 Tick-borne pathogens and other protozoan parasites used to infect experimental animals

Parasite species Stock Location Country Stabilate
number

Reference

Theileria Parva Muguga Kikuyu Kenya 3087 Brocklesby and Barnett 1961
T. parva Marikebuni Coast Province Kenya 3014 Irvin et al. 1983
T. parva Uganda Kigungu Uganda 3066 Minami et al. 1983
T. parva Boleni Boleni Zimbabwe 3039 Lawrence and Mackenzie 1980
T. parva Bu�alo 7014 Laikipia Kenya 3081 Morzaria et al. 1990
T. mutans Intona Transmara Kenya 3289 Mutugi 1987
T. bu�eli Marula Naivasha Kenya 3890 S. Williamsona

T. taurotragi Eland Laikipia Kenya 3211 Stagg et al. 1983
Babesia bigemina B-2 Naivasha Kenya 3899 S. Williamsona

B. bovis K 1614(a) Brisbane Australia 3818 W. Jorgensenb

B. bovis Zanzibar Zanzibar Tanzania 3119 S. Morzaria
Anaplasma marginale ILRI Kapiti Kenya BK 131 J. Katende
Trypanosoma brucei 427 Tororo Uganda ILB42 Cunningham and Vickerman 1962
T. congolense 212 Serengeti Tanzania IL1180 Geigy and Kau�mann 1973
T. vivax Y486 Yakawada Nigeria IL306 Lee¯ang et al. 1976

aKenya Agricultural Research Institute (KARI), Muguga
bTick Research Center, Wacol, Australia
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et al. 1992). The gene encoding full-length antigen p67 was ex-
pressed in the pMG1 plasmid vector system, where the expressed
product is a fusion protein in which the ®rst 85 amino acids are
derived from NS1, a nonstructural protein of in¯uenza virus A
(Young et al. 1983; Musoke et al. 1992). Biochemically puri®ed
NSI-p67 was provided by SmithKline Beecham (Animal Health,
USA). The cDNA encoding full-length PIM was isolated using
eukaryotic expression cloning technology (Toye et al. 1995) and
then subcloned into pGEX3X (Smith and Johnson 1988) for ex-
pression. Genes encoding antigens p104 (Iams et al. 1990) and p150
(M. Macklin, unpublished results) were isolated by screening of
genomic expression libraries, constructed in lambda gt11, with im-
mune sera. The complete p104 gene encodes a protein of 924 amino
acids (Iams et al. 1990). A BamHI-MunI DNA fragment encoding
antigenic determinant(s) encoded by C-terminal amino acids 721±
924 was cloned into pGEX-1N (Smith and Johnson 1988). The
p150 gene encodes a protein of 1,453 amino acids (R. Skilton,
unpublished results). An EcoRI fragment of DNA encoding the C-
terminal amino acids 1,181±1,453 was cloned into pGEX-1N.

The PIM, p104, and p150 recombinant antigens, as glutathione
S-transferase (GST) fusion proteins, were expressed by (isopropyl-
beta-D-thiogalactopyranoside) (IPTG) induction of Escherichia
coli cultures transformed with recombinant pGEX. Fusion proteins
were puri®ed by a�nity chromatography on glutathione-agarose as
described previously (Smith and Johnson 1988).

Enzyme-linked immunosorbent assays

Polysorb micro-ELISA plates (Polysorb, Nunc, Denmark) were
coated with recombinant antigens at a concentration of 50 ng/well
at 37 °C for 90 min. Excess antigen solution was discarded, and the
uncoated sites on the walls of the microtiter plate and the non-
speci®c sites on the antigen were blocked by the addition of 0.25%
casein followed by incubation at 37 °C for 1 h. Test sera, diluted
1:200 in Dulbecco's phosphate-bu�ered saline (DPBS, pH 7.4)
containing 0.1% Tween 20 and 2% skimmed milk, were added to
the wells of the micro-ELISA plate in two replicates (150 ll/well).
The control sera (strong positive, weak positive, and negative
control) were diluted as described for the test sera. These and the
conjugate control (DPBS alone) were added to the plate in four
replicates. The antibodies were allowed to bind to the antigen by
incubation of the plate for 25 min at room temperature (RT) under
continuous gentle agitation on a micro-agitator (Heidolph,
France). The unbound antibodies were removed by extensive
washing of the plate before the addion to each well of 150 ll of
anti-bovine Ig HRP conjugate diluted 1:5,000 in DPBS containing
0.1% Tween 20 and 2% skimmed milk.

The plate was incubated and washed as described above. The
color reaction was developed by the addition of 150 ll of sodium
citrate bu�er (pH 4.0) containing 1% hydrogen peroxide as the

substrate and of 40 mM 2,2¢-azino-bis(3-ethylbenz-thiazoline-6-
sulfuric acid), diammonium salt (ABTS), as the chromogen fol-
lowed by incubation for 30 min in a dark environment. During
incubation the micro-ELISA plate was shaken for 5 min every
15 min to ensure maximal color development. The optical density
(OD) was determined in a Titertek Multiscan Mcc340 spectro-
photometer. The OD values were expressed as percentages of
positivity (PP), which were calculated as follows: (OD of test/OD of
strong positive) ´ 100 (Wright et al. 1993).

Results

Selection of candidate antigens

For identi®cation of antigens of potential use in an
ELISA, schizont and sporozoite lysates were examined
by immunoblot analysis using sera from naturally in-
fected animals. This analysis demonstrated that most of
the 160 ®eld sera recognized 4 major proteins of Mr
67,000 (p67), 85,000 (PIM), 104,000 (p104), and 150,000
(p150; Fig. 1). Antigens p67 and p104 were detected
only in the sporozoite preparations, whereas the other
two proteins were present in both sporozoite and schi-
zont lysates (Fig. 1). In all, 92% of the ®eld sera con-
tained antibodies to PIM, whereas antibodies to
antigens p104, p67, and p150 were found in 83%, 80%,
and 78% of the sera, respectively.

To compare these antigens further, we examined their
reactivity in an ELISA with sera from experimentally
infected cattle. As it is di�cult and impractical to purify
large quantities of these antigens by biochemistry or
immunopuri®cation techniques, the genes encoding the
respective antigens were cloned and expressed as re-
combinant fusion proteins. The four recombinant anti-
gens were evaluated in an ELISA using sequential sera
collected from four cattle infected by tick application.

All four recombinant antigens detected antibodies on
day 17 after infection (Fig. 2), but the antibody PP
values recorded for PIM were greater than those noted
for the other antigens. The antibodies to PIM remained
detectable for up to 215 days after infection as compared
with 120 days for p104, 90 days for p150, and 60 days

Table 2 Field sera collected from cattle in East Coast fever-endemic and free zones in di�erent parts of the world

Country Location Number of sera Important tick-borne pathogens and
other protozoan parasites present

Kenya Kaloleni 161 T. parva, T. mutans, A. marginale, B. bigemina,
Cowdria ruminantium

Uganda Kampala and Jinja 321 T. parva, T. mutans, A. marginale, B. bigemina,
C. ruminantium

Uganda Nabiswera 128 T. parva, T. mutans, A. marginale, B. bigemina
Trypanosoma species

Zaire Kivu 77 T. parva, T. mutans, A. marginale, B. bigemina
Kenya Kapiti 721 T. taurotragi, A. marginale, B. bigemina
UK Edinburgh 179 None
Burkina Faso Bobo-Dioulasso 110 T. mutans, A. marginale, B. bigemina,

Trypanosoma species
Ivory Coast Kohrogo 162 T. mutans, A. marginale, B. bigemina,

Trypanosoma species
Sudan Shanbati 61 T. annulata, T. mutans, B. bigemina
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for p67 in the ELISA. These results indicated that the
PIM-ELISA had a higher degree of sensitivity than did
the ELISA using the other three antigens for the detec-
tion of Theileria parva antibodies. Similarly, the PIM-
ELISA was shown to be more sensitive than the schi-
zont-IFAT (results not shown).

Due to the polymorphism of PIM it was necessary to
assess whether the Muguga recombinant PIM would
detect antibodies in sera from cattle infected with dif-
ferent T. parva stocks. For this purpose, ®ve pairs of
cattle, each infected with one of the ®ve stocks of
T. parva (Muguga, Uganda, Marikebuni, Boleni, and
the bu�alo-derived stock 7014) exhibiting polymorphic
PIM (Toye et al. 1991), were tested. All cattle developed
antibodies that were detectable in the PIM-ELISA at
days 13±28 after infection and remained positive until
day 150, when the experiment was terminated (see
Fig. 6). In addition, analysis of the 21 post-infection sera
obtained from 111 cattle, immunized by the infection
and treatment method against T. parva Muguga (99
animals) and Marikebuni (12 animals), showed that all
animals were positive, with PP values lying above the
cuto� value of 18.

Fig. 1 Western-blot gel showing 1 molecular-weight markers, 2
Theileria parva Muguga schizont lysate, 3 T. parva Muguga
sporozoite lysate. The blot was developed with sera from naturally
infected cattle as the ®rst antibody.

Fig. 2 Percentage of positivity
recorded for antibodies against
p67(± ±), PIM(±��±), p104 (Ð±),
and p150 (- - -) in the ELISA in
four animals (BK222, BK232,
BK233, and BK410) that had
been experimentally infected
with T. parva Muguga
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Evaluation of the sensitivity of the PIM-based
ELISA with ®eld sera

The test was evaluated using sera collected from cattle in
East Coast fever-endemic areas. In all, 77 serum samples
collected from adult Ankole cattle from North Kivu in
western Zaire (Makunyaviri and Habimana 1993) and
another 321 obtained from East African zebu cattle
from small-scale farms located within a radius of 50 km
from Kampala, Uganda, were examined. The sera from
Zaire had antibody prevalence rates of 88% in the PIM-
ELISA and 61% in the IFAT. Similarly, the Uganda
sera had prevalence rates of 83% (Fig. 3) and 77% as
determined by ELISA and IFAT, respectively. Further
comparison of the results revealed that 75% of the
ELISA-positive Zaire sera and 95% of the ELISA-pos-
itive Uganda sera were also positive in the IFAT. In
both sets the sera that were positive in the IFAT were
also positive in the ELISA.

Sequential sera collected for a period of 9 months
from 128 cattle kept on a farm in Nabiswera, western
Uganda, where there was epidemiological and clinical
evidence of T. parva (Okelo Onen, personal communi-
cation), were tested by ELISA. The results indicated that
once animals had seroconverted, the antibodies to PIM
persisted throughout the period of observation (results
not shown).

Selection of strong and weak positive standards
and establishment of the positive/negative threshold

Standard sera are necessary to ensure that the sensitiv-
ity of an ELISA is consistent between assays (Wright
et al. 1993). The standards consist of a strong positive
and a weak positive serum as well as a negative
control serum. The ratio of the OD or PP value ob-
tained with the strong positive serum to that obtained
with the weak positive serum should not vary con-
siderably between assays. The negative serum control
monitors the background reaction; it is also necessary
for the establishment of a positive/negative threshold
value.

For PIM-ELISA the strong and weak positive sera
and the positive/negative threshold were established by
titration of a reference antiserum from 1:50 to 1:12,800.
This reference serum was obtained from animal C9,
which had been infected twice with sporozoites of
T. parva (Muguga). A standard curve was produced by
plotting of the OD against the reciprocal of dilutions of
antiserum C9 (Fig. 4). The strong positive control se-
rum was obtained from animal BJ 410 at 30 days after
infection. When it was tested at a routine dilution of
1:200 an OD reading of 0.841 was obtained. When this
OD was located on the established standard curve
generated for C9 antiserum it corresponded to a dilu-
tion that lay on the linear portion of the curve just
below the plateau (Fig. 4, C++ representing 100 PP).
The positive control serum was therefore selected as
antiserum BJ 410 diluted 1:200. When the BJ 410 was
tested at a dilution of 1:1,500 an OD value of 0.420 was
obtained, which was equivalent to 50 PP (Fig. 4, C+ 50
PP). The BJ 410 antiserum diluted 1:1,500 in negative
serum was therefore selected as the weak positive con-
trol serum.

The positive/negative threshold was taken as the
lowest point on the linear portion of the curve generated
for C9 antiserum. This point corresponded to an OD
value of 0.131, which represents a PP of 15 relative to the
OD of 0.841 recorded for the strong positive serum.
Therefore, a PP of 15 was taken as the positive/negative
threshold for this ELISA. This value was con®rmed by
testing of 960 serum samples from Holland and of an-
other 721 from Kapiti Plains, Kenya, where T. parva
does not exist. When 25D were added to the mean PP
values recorded for the 960 and 720 serum samples,
values of 16.1 and 16.4, respectively, were obtained.
These values were not signi®cantly di�erent from that

Fig. 3 Percentage of positive (PP) calculations, illustrating the
sensitivity of the PIM-based ELISA for T. parva. A total of 321
sera obtained from animals from an endemic area were tested
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obtained using a single sample of highly positive anti-
serum C9.

Establishment of the sensitivity and speci®city
of the assay

For establishment of the sensitivity of this ELISA, 12
animals that had been experimentally infected with dif-
ferent isolates of T. parva were used as a source of
positive sera. The 12 animals sero-converted between
days 13 and 28 after infection as measured by the IFAT

and PIM-ELISA. The sensitivity of the test was calcu-
lated according to Martin et al. (1989) as indicated in
Table 3. Analysis of the data showed that the sensitivity
of the assay was > 99%.

To establish the speci®city of the assay we used a
total of 721 serum samples from Kapiti Plains, Kenya,
derived from a herd with no epidemiological, clinical, or
serological evidence of T. parva infection. However,
many of these samples were serologically positive for
Anaplasma marginale, T. taurotragi, and Babesia bige-
mina (J. Katende, unpublished observation).Animals
were selected and arranged into groups of four accord-
ing to age as follows: 4 days to 3 months, 4±12 months,
13±24 months, and 3±4 years. On screening of the sera
for antibodies to PIM, 709 sera gave PP values below the
positive/negative threshold value of 15, whereas 12 sera
gave a value exceeding 15 (Fig. 5).

Fig. 4 Indirect ELISA titration curve of hyperimmune serum
prepared from the blood of an animal infected withT. parvaMuguga.
C++�100 PP� represents the optical density recorded at a dilution of
1:200 of the strong standard positive serum. C+�50 PP� represents
the optical density noted at a dilution of 1:1,500 of the strong standard
(in negative reference serum) that was equivalent to 50 PP and was
used as the weak positive standard. The positive/negative threshold
(15 PP) represents the lowest optical density on the linear scale of the
curve, which is the lowest antibody activity this assay can detect

Table 3 Establishment of the sensitivity and speci®city of the improved ELISA for T. parva based on PIMa (A True-positive ®nding, B
false-positive ®nding, C false-negative ®nding, D true-negative ®nding, +ve positive, ) negative)

Infected Healthy Total

Test +ve A (12) B (12) A� B
Test )ve C (0) D (709) C�D

Total A� C (12) B�D (721) �A� B� � �C�D�

Fig. 5 Percentage of positivity (PP) calculations, illustrating the
speci®city of the PIM-based ELISA for T. parva. The total of 721
sera from a population unexposed to T. parva were tested

a The numbers in parentheses indicate the actual numbers that were
either positive or negative in the experiments. Sensitivity is the
proportion of animals that test positively among the infected po-

pulation and is calculated as �A=�A� C�� � 100, whereas speci®city
is the proportion of those that tested negatively among the known
healthy population is calculated as equals �D=�B� D�� � 100
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The analysis of the data gave speci®cities of 99%,
97%, 100%, and 97% for the groups aged 14 days to 3
months, 4±12 months, 13±24 months, and 3±4 years,
respectively. The overall speci®city was 98%.

Cross-reactivity with other parasite antigens

The PIM antigen was expressed as a fusion protein with
the enzyme glutathione S-transferase (GST). Analogues
of GST are present in Schistosoma bovis and Fasciola
hepatica (Hillyer et al. 1992). Since infections with these
parasites occur within East Coast fever (ECF)-endemic
areas, it was necessary that we rule out the possibility of
false-positive ®ndings due to GST by testing sera ob-
tained from cattle that had been experimentally infected
with S. bovis and F. hepatica during the acute and
chronic stages of infection. All 15 sera from S. bovis-
infected animals tested negatively (PP < 15) in the
PIM-ELISA assay, as did the 2 sera collected from cattle
infected with F. hepatica (PP 15).

To evaluate further the speci®city of this assay, we
used sequential sera collected from animals that had
been experimentally infected with other hemoparasites,
namely, T. mutans, T. taurotragi, T. bu�eli, B. bigemina,
B. bovis, Trypanosoma brucei, T. vivax, and T. congo-
lense. All values obtained were below PP 15, indicating
that the epitopes on the recombinant PIM were not
recognized by antibodies to these parasites in cattle.

The test was also evaluated using 61 sera from
northern Sudan, where T. annulata is endemic. Of the 61
sera, 59 tested positively for T. annulata in the IFAT,
with titers ranging between 1:200 and > 1: 5; 000. When
these sera were tested in the PIM-ELISA, one sample

had a PP of 15 and the values recorded for the rest were
below the positive/negative threshold.

Discussion

An ELISA based on the recombinant PIM antigen from
the Muguga stock was developed for the detection of
Theileria parva antibodies in cattle. This assay is supe-
rior both to other ELISAs based on T. parva-speci®c
antigens p104, p150, and p67 and to the IFAT. The
results obtained in the PIM-ELISA show that the assay
detects antibodies for as long as 215 days after a single
infection with T. parva. This period is signi®cantly
longer than that observed for the IFAT test, which de-
tects antibodies for approximately 110 days.

The size and epitope polymorphism exhibited by PIM
(Shapiro et al. 1987; Toye et al. 1991) did not a�ect the
detection of antibodies in sera from cattle infected with
four polymorphic stocks of T. parva. This may have
been due to the presence of conserved epitopes across
many T. parva stocks that are recognized by the bovine
immune system (Toye et al. 1996). Sequence data ob-
tained from di�erent PIM antigens suggest that the
molecule consists of conserved termini ¯anking a central
variable region (Toye et al. 1996). The size polymor-
phism of the antigens is considered to be due to varia-
tions in the length of the central region. Preliminary
results indicate that the PIM antigen expressed by par-
asites from the T. parva (Boleni) stock is the least ho-
mologous with the Muguga PIM antigen. The ability of
serum from an animal infected with the Boleni stock of
the parasite to recognize the recombinant version of the
Muguga PIM in the experiments described herein sug-
gests that the polymorphism of the antigen will not in-
terfere with the use of the PIM-based ELISA for
detection of infected animals in a ®eld situation.

To monitor the consistency among test runs we in-
cluded the strong and weak positive controls and the
negative controls in four replicates on each ELISA plate.
These controls were treated in the same way as any test
sample with respect to the dilution and test procedure.
In addition to the three controls, four replicates of a
conjugate control were included on every plate for
monitoring of background activity in the system. Two
replicates of a test sample were considered adequate for
interpretation of the data. For the results to be accepted,
both replicate values recorded for the test samples had to
be either above or below the positive/negative threshold
point. If the replicate values were on both sides of this
point the sample was retested. The highest OD values
obtained during repeated routine testing with the strong
positive and weak positive controls were taken as the
upper control limits (UCLs) for the two controls. Sim-
ilarly, the lowest OD values obtained during repeated
routine testing with the strong and weak positive con-
trols were taken as the lowest control limits (LCLs) for
the two standards. This set of internal quality controls,
included in every run, determined whether the assay

Fig. 6 Antibody responses (in PP values) to the PIM antigen as
detected in four animals experimentally infected with sporozoite
stabilates of ®ve T. parva isolates

414



operated within accepted limits and also monitored the
variability within and between assays.

All the OD values recorded for test samples were
expressed as a percentage of the strong positive control
standard. Percentage of positivity relative to a strong
standard, although semiquantitative, has a number of
distinct advantages: it requires a single dilution; it is
expressed on a continuous scale of 0±100; and, if more
quantitative data are required, a standard curve can be
established by titration of a positive reference control,
which can be used to convert OD values to units that are
directly proportional to antibody activity (Wright et al.
1993).

The PIM-based ELISA in its present form will be
amenable for use in the screening of large numbers of
bovine sera for antibodies against T. parva at national or
provincial laboratories. The high degree of sensitivity
and speci®city exhibited by the PIM-based ELISA
indicates that the antigen could be used for the devel-
opment of rapid pen-side tests using existing technolo-
gies such as latex particle agglutination or red blood cell
agglutination based on bifunctional antibody (Wilson
et al. 1991).
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