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Abstract: Theileria equi, a haemoprotozoan of equids, is responsible for endemic infection/latency in tropical/subtropical parts of the
world. The present study investigated the immunokinetics of T equi infection in experimental animals and the diagnostic applicability of
single dilution ELISA vis-a-vis conventional serial dilution ELISA. Sequential serum samples were collected up to 90 days postinfection
(PI) from 4 donkeys experimentally infected with T. equi. Immunokinetics of T. equi antibodies end titre were determined by serial
and single dilution ELISA. A significant rise in initial ELISA antibody end titre (1:800 in serial dilution ELISA and from 1:600 to 1:650
in single dilution ELISA) was observed from day 9 PI in all 4 donkeys, which plateaued between days 66 and 73 PI (end antibody titre
varied between 1:6400 to 1:25,600 and 1:6050 to 1:22,100). The efficacy of these ELISAs was also determined by testing 256 field serum
samples at 1:200 dilution, collected from apparently healthy animals. Sample analysis revealed overall seroprevalence of 91.01% in the
horse population. The frequency distribution of antibody titre of these field samples by single dilution ELISA exhibited that most of the
positive horses had high levels of specific antibodies. This study has emphasised the usefulness of single dilution ELISA as a diagnostic

assay in determining the end antibody titre by testing it at a single dilution of 1:200.
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1. Introduction

Equine piroplasmosis is an economically important disease
of equids, and sporadic outbreaks are not uncommon
(1,2). Equine piroplasmosis is an acute, subacute, or
chronic tick-borne disease of Equidae, caused by an
intraerythrocytic protozoan, Theileria equi or Babesia
caballi. The disease is characterised by fever (sometimes of
intermittent nature), anaemia, icterus, and hepatomegaly
and splenomegaly. A significant segment of the equine
population has carrier status to this infection, due to
which the draughtability of these animals gets lowered
and poor farmers suffer economically. Indian-bred horses
and mules are considered to be preimmune carriers of the
T. equi infection (3). Malhotra et al. (4) recorded 50.1%
prevalence of the disease among the horse population.
Later, Kumar et al. (5,6) observed 47.6% incidence by
performing enzyme-linked immunosorbent assay (ELISA)
on horse and donkey samples.

Microscopic demonstration of the intraerythrocytic
parasite is still the most reliable, simple, economical, and
sustainable method for confirming diagnosis of equine
babesiosis, but is not suitable for detection of carrier
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animals (7,8). Therefore, serological tests such as the
indirect fluorescent antibody test (9) and ELISA (5,6,10-
12) are the preferred and recommended official tests by
World Organisation for Animal Health (OIE) regulations.
The complement fixation test has inherent disadvantages
of giving false positive results and a low sensitivity for
detecting latent infections (5,13-15).

Many versions of ELISA have also been standardised
for detecting T. equi antibodies in carrier donkeys.
Among these, Dot-ELISA (5), serial dilution ELISA, and
single dilution ELISA (1,6) are the most important. Serial
dilution ELISA is more time-consuming and requires
large quantities of antigen, conjugate, or other reagents as
compared to single dilution ELISA when the end titre of
the sample is to be determined (16,17). In conventional
serial dilution ELISA the end titre of a sample is known
by a serial 2-fold dilution of the sample until the optical
density (OD) becomes negative, but contrarily in single
dilution ELISA, the sample is tested and diluted to only 1
particular dilution and the OD value is used in a regression
equation to determine the end antibody titre. This study
investigated the immunokinetics of antibody titre in
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donkeys experimentally infected with T. equi parasite and
validated the application of single dilution ELISA as a
diagnostic assay.

2. Materials and methods

2.1. Animals and serum samples

Four indigenous nondescript donkeys (1-1.5 years old)
were used in the present study, which were obtained
from the local area of Hisar, India. Their T. equi free
status was ascertained by examining blood smears for
the absence of the T. equi parasite on 3 consecutive days
and serologically by Dot-ELISA (5). These donkeys were
maintained in a tick-free animal housing facility of the All
India Coordinated Research Project (AICRP) on Blood
Protista, CCS Haryana Agricultural University, Hisar,
India. These donkeys were infected by inoculating T. equi
infected blood (0.5 mL kg™ body weight) showing >70%
parasitaemia. Sequential serum samples were collected
from these donkeys up to 90 days postinfection (PI) for the
study of immunokinetics of T. equi antibodies in ELISAs.

2.2. Theileria equi parasite antigen

Whole merozoite native antigen of T. equi was prepared
as described by Kumar et al. (6). The total protein
concentration was estimated as per the method of Lowry
et al. (18) and stored at 4 °C for further use in ELISAs.
The antigen was diluted to obtain a working protein
concentration of 18.5 ug/mL, which gave optimum results
in ELISA.

2.3. Reference serum

A T. equi latently infected donkey had been maintained in
the animal house of the laboratory and its serum was used
as a reference known positive serum in ELISA, whereas
the serum collected from a neonate foal (before colostrum
feeding and whose mother also tested negative for T. equi
antibodies) was used as a reference known negative serum
sample in ELISA. Babesia caballi serum was obtained from
the United States Department of Agriculture. Reference
positive sera for Babesia bigemina (cattle), Trypanosoma
evansi (horse), and Theileria annulata (cattle) were
obtained from laboratories in India that were working on
the diagnostics of these parasites.

2.4. ELISA

2.4.1. Serial dilution ELISA

The optimum dilutions of whole merozoite T. equi antigen,
conjugate (rabbit antihorse y globulin (IgG) HRP, Sigma
Aldrich Co., USA) were determined by checker board
titration method. The optimum dilution considered
was the highest dilution of antigen/conjugate that gave
a maximum contrast in terms of OD between known
positive and known negative serum dilution. The method
as described already by Kumar et al. (6) was followed. The
serum samples were tested at 1:100 dilutions and titrated
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onward up to 1:51,200. Any set of samples showing OD
> [average + 3(standard deviation)] of the negative well
was recorded as positive. The highest dilution of the serum
sample showing a positive reaction was considered as the
titre.

2.4.2. Single dilution ELISA

The standardisation procedure for single dilution ELISA
was described by Kumar et al. (6). This method is based on
derivation of the regression equation between the log, end
point titre [y] and the positive/negative ratio [x]. Briefly, the
log,, end point antibody titre of 24 known positives and 3
known negatives (as above) were determined and average
OD values of known positive sera at 1:50, 1:100, 1:200,
1:400, and 1:800 dilutions were divided by corresponding
average OD values of known negative sera to work out the
positive/negative ratio (P/N). The coefficient of correlation
(r) was calculated (19) between the log & end titre and
the P/N ratio. The r values were calculated with respect
to each mean P/N ratio at a dilution of 1:50 to 1:800. The
respective serum dilution showing the highest value of r
was chosen for derivation of the regression equation (y =
a + bx, where y = log,  antibody titre of the test serum, x
= the P/N ratio of the test serum at the chosen dilution,
a = the constant, and b = the regression coeflicient). We
obtained the highest value of r (0.938) at a serum dilution
of 1:200 and the derived regression equation was y = 2.05 +
0.51x. The serum samples were tested at this single dilution
(1:200) and the P/N value as x was used to calculate the
log,, end point titre as y.

2.5. Unknown field sera

The field horse samples (256) were collected from different
parts of Haryana State, India. These horses belonged to
farmers who were using these animals as packs or for
carts. The samples were tested at 1:200 dilutions in serial
and single dilution ELISA. The end antibody titre of
these samples in single dilution ELISA was obtained by
substituting the value of x (P/N ratio) in the regression
equation (as above) and the results were compared.

2.6. Statistical calculations

The chi-square test was applied for comparison of log,,
end antibody titres, at a 5% (P < 0.05) level of significance,
obtained in serial dilution and single dilution ELISA on
serum samples collected from 4 donkeys experimentally
infected with the T. equi parasite.

3. Results

3.1. Immunokinetics by ELISA

In all 4 experimental donkeys, parasitaemia by blood
smear examination was observed from day 3 PI onward.
Although the parasitaemia varied from animal to animal,
the parasite could be detected in blood smear throughout
the experimental period of 90 days. A significant rise in
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initial ELISA antibody end titre (1:800 in serial dilution
ELISA and 1:600 to 1:650 in single dilution ELISA) was
observed from day 9 PI in all 4 donkeys experimentally
infected with the T equi parasite. The highest end antibody
titre by serial and single dilution ELISA was observed
between days 66 and 73 PI and the end antibody titre
varied between 1:6400 and 1:25,600 and between 1:6050
and 1:22,100, respectively. The highest antibody end
titre plateau and no decline were observed during the
experimental period (Figure 1). No cross-reaction was
observed in ELISA with reference positive serum for B.
caballi, B. bigemina, T. evansi, or T. annulata.

The chi-square test analysis on log, antibody end titres
as observed by serial and single dilution ELISA on serum
samples collected from 4 infected donkeys (days 0-90 PI)
indicated nonsignificant (P < 0.05) difference (Figure 2)
in the log, end antibody titres obtained in these ELISAs.
Furthermore, a correlation coefficient between serial and
single dilution titres was also very high (r = 0.963).

3.2. Unknown field sera

Serosurveillance for presence of T. equi antibodies by
single dilution ELISA on 256 samples collected from the
field revealed an overall prevalence of 91.01% in the equine
population. The frequency distribution of antibody titre
of these field samples by single dilution ELISA exhibited
that most of the positive equids had high levels of specific
antibodies. The results obtained by these 2 ELISA were
comparable (Table) and only 3 negative samples detected
in serial dilution ELISA were recorded as weakly positive
in single dilution ELISA at a dilution of 1:200 to 1:1600.

4. Discussion

Application of conventional serial dilution for detection of
antibodies against T. equi parasite is now well established
(6,10,12, 20). The diagnostic specificity and sensitivity of
single dilution ELISA for detection of T. equi antibodies
in equine serum has previously been reported (6). This
study was aimed to determine the immunokinetics of
T. equi antibody response in experimentally infected
donkeys so as to ascertain the diagnostic sensitivity of
single dilution ELISA vis-a-vis routinely used serial
dilution ELISA. The end antibody titre was successfully

Log,, end antibody titres
R
o o o o o

e
o

45
¢ 3.0
g T - Serial dilution ELISA
o Single dilution ELISA
=
g
=

1.5

0 9 18 27 36 45 54 63 72 81 90
Days PI
Figure 1. Immunokinetics of Theileria equi infection in

experimental donkeys by serial dilution and single dilution
ELISA.

determined by both ELISA and a rise in antibody titre was
initially observed from day 9 PI onward. This observation
is in close conformity with earlier reports by Kumar et al.
(5), Knowles et al. (10), Weiland (21), and Kuttler et al.
(22). The antibody titre plateau after days 66-73 PI with
no further rise was recorded. These ELISAs were detecting
the presence of specific IgG antibodies, which are long
lasting, as compared to IgM (detected in complement
fixation test) (23), and are predominant in T. equi latently
infected equids due to the persistence of the parasite in the
circulation (1,24). Kumar et al. (5) and Knowles et al. (10)
detected the specific T. equi antibodies in experimentally
infected horses and donkeys up to week 115 and day 90
PI, respectively.

There was nonconformity in 1.17% field samples
unknown by these ELISAs (3 samples were negative in
serial dilution ELISA and detected positive with single
dilution ELISA), which have very low antibody titres
(1:200 to 1:1600). Single dilution ELISA considered the
P/N ratio instead of the OD value (serial dilution ELISA)
for ascertaining the status of unknown samples (positive
or negative). The OD value of a particular sample depends
largely on assay conditions and time of incubation
(particularly in the colour development step), whereas the
P/N ratio is more stable (6). These factors influence the

M Serial dilution ELISA [0 Single dilution ELISA

1 23 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24
Samples collected from infected donkeys

Figure 2. Chi-square analysis and comparison of end antibody titre observed in
Theileria equi infected experimental donkeys as obtained in ELISAs.
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Table. Frequency distribution of Theileria equi antibodies titre as detected by serial dilution and single dilution

ELISA on unknown equine sera collected from the field.

Single dilution ELISA

Serial dilution ELISA

Reciprocal antibody titre based on
OD value at 1:200

Number of samples

Tested at 1:200 Number of samples

Up to 200 (-) 23
200-1600 (+) 67
1601-4800 (++) 27
>4801 (+++) 139
Total negative 23
Total positive 233

<1:200 (=) 26
>1:200 (+) 230
26
230

status of samples having low titres and may be a plausible
explanation for the high sensitivity of single dilution
ELISA on these samples.

This study successfully applied and determined the
end antibody titre by single dilution ELISA on serum
samples collected from experimental and field animals
and obtained high correlation with serial dilution ELISA
(Figure 2). This study has emphasised the usefulness of
single dilution ELISA as an efficient diagnostic assay on
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