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Abstract — Single dilution ELISAs were standardised for the determination of antibody titres against
Theileria annulatausing three antigens namely soluble piroplasm, cellular schizont or soluble sch-
izont antigens. Antibody titres of 20 cattle serum samples of known identity were determined by
multi-dilution ELISA using the three antigens. The ratio of the optical density (OD) of known pos-
itive and known negative sera at different serum dilutions were calculated and termed as positive/neg-
ative (P/N) ratios. Coefficients of correlation (r) were calculated between the P/N ratios at different
dilutions of known sera and their lggantibody titres by multi-dilution ELISA. The value of “r” was

the highest at the dilution of 1:400. From the, jantibody titres of known sera and their P/N ratios

at the dilution of 1:400, regression equationseJ(Y =a+ bX, where Y = predicteditogy X = the P/N

ratio at 1:400 dilution) were calculated separately for the three antigens. Thus, the equations Y = 1.63
+ 1.35X for soluble piroplasm, Y = 2.67 + 0.547X for cellular schizontand Y = 1.817 + 0.663X for
soluble schizont antigens were derived. Test sera were diluted to 1:400 and their OD were read in dupli-
cate wells and converted to P/N ratios. The antibody titres were predicted from the P/N ratios using
the above mentioned regression equations. Twenty randomly selected sera tested by single and multi-
dilution ELISAs showed non-significant differenc&s0.01) between antibody titres. Antibody titres

of 90 unknown field sera of cattle were determined by single dilution ELISA. The piroplasm antigen
detected higher antibody titres followed by cellular schizont and soluble schizont antigens. The
study revealed that a single dilution ELISA could be successfully used for field epidemiological
studies of tropical theileriosis.
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Résumé — ELISA a dilution unique utilisant I'antigene de piroplasme soluble, de schizonte
cellulaire ou de schizonte soluble pour la détection d’anticorps contfEheileria annulata.Un

ELISA a dilution unique a été standardisé pour la détermination des titres en anticorp§teintre

leria annulata en utilisant trois antigenes : I'antigene de piroplasme soluble, de schizonte cellu-
laire, ou de schizonte soluble. Les titres en anticorps de 20 échantillons de sérums d’identité connue
ont été déterminés par un ELISA a dilutions multiples, avec les trois antigénes. Le rapport de la
densité optique (DO) de sérums positifs connus sur la DO de sérums négatifs connus, a différentes
dilutions, a été calculé et a été appelé le rapport positif/négatif (P/N). Le coefficient de corrélation (r)
entre les rapports P/N de sérums connus et leur titre en anticorpg @érminé par ELISA a
dilutions multiples, a été calculé pour différentes dilutions des sérums. La plus forte valeur de « r»
correspondait a une dilution de 1/400. A partir des titregdlen anticorps de sérums connus et leur
rapport P/N a une dilution 1/400, des équations de regression ont été calculées séparément pour
chaque antigene (Y =a + bX, ou Y = titre prédit en o = rapport P/N a la dilution 1/400). Les
équations suivantes ont ainsi été dérivées : Y = 1,63 + 1,35X pour le piroplasme soluble ; Y = 2,67
+ 0,547X pour le schizonte cellulaire, et Y = 1,817 + 0,663X pour le schizonte soluble. Les sérums
testés ont été dilués a 1/400 et leurs DO ont été lues chacune dans deux puits puis converties en rap-
port P/N. Les titres en anticorps ont été prédits a partir des rapports P/N, en utilisant les équations de
régression correspondantes. Vingt sérums sélectionnés au hasard ont été testés a la fois par ELISA a
dilutions multiples et par ELISA a dilution unique ; il 'y a pas eu de différence significative entre

les titres en anticorps obtenus par les deux méth&ded,01). Les titres en anticorps de 90 sérums
prélevés sur le terrain ont été déterminés par ELISA a dilution unique. Dans ces échantillons, I'anti-
géne de piroplasme détectait les anticorps aux titres les plus élevés, suivi du schizonte cellulaire,
puis du schizonte soluble. L'étude a révélé que I'ELISA a dilution unique peut étre utilisée avec
succes dans des études épidémiologiques de terrain sur la theilériose tropicale.

Theileria annulata/ ELISA a dilution unique / piroplasme / schizonte / régression

1. INTRODUCTION be detected in blood smears of all carrier
animals. Therefore, sensitive and specific
Theileria annulatais an important serologipal tests are requir(_ad for large-scale
haemoprotozoa that causes a serious |euc%gro.—ep|de_m|olog|cal studies and algo for
proliferative disease of cattle bovine tropi-mo.n'tor'ng. IMMUNE réSponses of vacpmated
animals in the field. Enzyme Linked

cal theileriosis in tropical and subtropical .
countries. The disease is of particular ecdmmunosorbent Assay (ELISA), being a

nomic importance since exotic “European’!i9nly sensitive, specific and objective
cattle were imported into the tropics to@SSay, iS recommended for the detection of
increase the productivity of local “Zebu” @ntibodies againsI. annulatafor sero-
cattle as exotic cattle and their cross-breg@Pidemiological studies [5, 9, 11]. In con-
are highly susceptible [1]. The diagnosis o/€ntional ELISA, costly bioreagents are
the disease has traditionally been confirme&quired in large quantities for the estimation
by examination of Giemsa stained thin bloof antibody titres, since many dilutions of
smears and/or lymph node biopsy smear§ach serum need to be tested. Multi-
Following infection, the surviving cattle dilution ELISAs are cumbersome, time con-
carry low numbers of piroplasms in ery-suming and expensive when large numbers
throcytes for long periods. Examination ofof field samples have to be evaluated. Multi-
smears of animals living under field condi-dilution ELISAs have been successfully con-
tions has been extensively used to estimaterted into single dilution ELISAs for
the prevalence of carriers and exposurk to detecting antibodies against various
annulatainfection [1, 4]. However, such a pathogens involving large numbers of sam-
technique is time consuming and may noples [6, 10, 13]. We, therefore, developed
be very sensitive since piroplasms cannagingle dilution ELISAs for detection of
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antibodies againgt. annulatafor our epi- Westbury et al. [13] for detecting antibodies
demiological studies using three antigeni@against the FMD virus was followed. Anti-
preparations namely cellular schizont, solubody titres of 20 serum samples of known
ble schizont and soluble piroplasm antigenddentity were determined by multi-dilution
ELISA using the three antigens as described
previously [9]. The optical densities (OD) of

2. MATERIALS AND METHODS all test sera and known negative sera were
recorded at two fold serum dilutions from
2.1. Antigens and procedure 1:50 to 1:800. The ratios of OD of test sera

and known negative sera at different serum
Three antigens namely soluble piroplasmglilutions were calculated and termed as pos-
cellular schizont and soluble schizont antidtive/negative (P/N) ratios. The coefficient of
gens were used. Soluble piroplasm and sotorrelation (r) was calculated between the
uble schizont antigens were prepared al/N ratio at different dilutions of the test
described previously [9]. The soluble piro-sera and the lgg transformation of anti-
plasm antigen was prepared from high padody titres was estimated by multi-dilution
asitaemic erythrocytes collected from a calELISA. The dilution of the serum showing
suffering from acute theileriosis. The solu-the highest value of “r” was chosen for stan-
ble schizont antigen was prepared from adardising the single dilution ELISA. Regres-
in vitro propagated. annulata(Hisar) sch-  sion equations thatis Y = a + bX were cal-
izont cell culture line. The protein contentsculated separately for each of the three
of the soluble piroplasm and soluble schantigens (where Y = Predicted log titre by
izont antigens were 3.75 and 2.1Mmg~1, single dilution ELISA, a = Constant, b =
respectively as estimated by the Lowry’sRegression coefficient and X = P/N ratio at
method [7]. The cellular schizont antigenthe selected serum dilution) from the |gg
was prepared from &. annulata(Hisar) antibody titres of test sera and P/N ratio at
schizont cell line as described by Manujahe serum dilution showing maximum coef-
et al. [8]. The test procedure for conductdicient of correlation. The values of “a” and
ing a multi-dilution ELISA, as described “b” were calculated using the following

previously [9], was followed equations:
a=y-bX
2.2. Serum samples b:z(y_g,)(x_)’()
Serum samples collected from newborn Z(X—;()Z

calves were used as known negative sera.

Previously tested serum samples, collecte(y = observed value of the dependent vari-
from animals one month after vaccinationable, x = observed value of the independent
with aT. annulatecell culture vaccine, were variable).

used as known positive sera [9]. Unknown The test serum samples were diluted to
field serum samples from 90 cattle wergne selected dilution, their OD was recorded
used as test sera. at 492 nm in duplicate wells coated with
three different antigens using an ELISA

reader (Organon Teknika, Italy). The mean

2.3. Development of a single dilution OD for each sample was converted to the
ELISA P/N ratio and the antibody titres were pre-

dicted using the regression equations sepa-

For standardisation of a single dilutionrately derived for the three antigens. For the
ELISA, the basic principle described byvalidation of the results, the antibody titres
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of twenty cattle sera obtained by single dilu-3.2. Derivation of line of regression
tion and multi-dilution ELISA using three
antigens were compared statistically by The P/N ratio of 20 sera of known iden-
applying a paired-t test. tity at 1:400 serum dilution and their corre-
sponding log, titres by multi-dilution
ELISA showed a good correlation (Fig. 1).
The values of “a” (constant) and “b” (regres-
sion coefficient) were calculated using these
parameters. The regression equations were
as follows:

Antibody titres of 90 unknown field cat- — piroplasm antigen: Y= 1.630 +1.35X;
tle sera againdi. annulatawere estimated _ ; fane YV =
by single dilution ELISA using soluble piro- Ogig;{ar schizont antigen: Y = 2.670 +
plasm, cellular schizont and soluble sch- :
izont antigens. The correlation coefficient |
(r) between antibody titres obtained usin
these three antigens was calculated [12].

2.4. Application of the test on field
samples

soluble schizont antigen: Y = 1.817 +
.663X.

3.3. Comparison of multi-dilution and
single dilution ELISA

3. RESULTS
Serum antibody titres of 20 serum sam-
3.1. Standardisation of appropriate ples of known identity determined by multi-
serum dilution dilution and single dilution ELISAs using

three antigens were similar (Fig. 2). The

o ] comparison of antibody titres using the two

The coefficient of correlation betweentests revealed that the calculated “t” values

the P/N ratio at different serum dilutionstgr all three antigens were lower than the

and log, antibody titres by multi-dilution tapulated value and thus non-significant

ELISA were maximum at a 1:400 serum(1.73, 1.88 and 0.02 for piroplasm, cellular

dilution for all three antigens (Tab. I). Theschizont and soluble schizont antigens,

mean OD of negative sera levelled off akespectively against the tabulated value of
this serum dilution, whereas that of hyper2.86 atP < 0.01). This indicated that the
immune sera was still high. Therefore, aantibody titres obtained by multi-dilution
serum dilution of 1:400 was selected as a&LISA and single dilution ELISA did not

optimum dilution for use in single dilution differ significantly @ < 0.01). Plotting of

ELISA with all three antigens. antibody titres obtained by multi-dilution

Table I. Correlation between positive/negative ratio at different dilutions of known positive sera
and log, antibody titres using different antigenic preparations.

Coefficient of correlation (r)

Serum dilution Piroplasm antigen Cellular schizont antigen  Soluble schizont antigen
1:50 0.584 0.202 0.300
1:100 0.694 0.806 0.473
1:200 0.590 0.772 0.766
1:400 0.910 0.813 0.880

1:800 0.570 0.800 0.774
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ELISA with the regression line for single to 1:12 800 by ELISA using piroplasm and
dilution ELISA revealed that the points of cellular schizont antigens. While using the
antibody titres by multi-dilution ELISA were soluble schizont antigen, most of samples
scattered on or around the line of regressio(84.5%) showed antibody titres up to 1:800
for the three antigens (Fig. 3). (Tab. Il). The piroplasm antigen detected
higher antibody titres followed by cellular
schizont and soluble schizont antigens. A
3.4. Application of single dilution comparison of antibody titres obtained using
ELISA on field sera soluble piroplasm, cellular schizont and sol-
uble schizont antigens showed a good cor-
A majority of the field serum samplesrelation between the three antigens. The
exhibited antibody titres ranging from 1:800coefficient of correlation (r) between
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Table Il. Frequency distribution of antibody titres of 90 field sera obtained by single dilution ELISA
using piroplasm, cellular schizont and soluble schizont antigens.

ELISA antibody No. of samples (%)

titres Piroplasm Cellular schizont Soluble schizont
Upto1:400 - - 44 (48.9)
1:400-1:800 3(3.3) - 32 (35.6)
1:800-1:1600 25 (27.8) 38(42.2) 11 (12.2)
1:1600-1:3200 23 (25.6) 47 (52.2) 3(3.3)
1:3200-1:12800 24 (26.7) 4(4.4) -
>1:12800 15 (16.7) 1(1.1) -

soluble piroplasm and cellular schizont antivariations in experimental conditions. To

gen was 0.650, between soluble piroplasmvercome this, the ratio of OD of test sera
and soluble schizont antigens was 0.870 arehd known negative sera (P/N ratio), instead
between cellular schizont and soluble schef OD of the test serum sample was used to
izont antigens was 0.520. The calculatedtandardise the single dilution ELISA. The

values of “r” were higher than the tabulatedP/N ratios of serum samples were relatively
values (0.33) and interpreted as significantonstant in different tests as compared to
(P <0.01), thus showing a positive corre-the OD as reported previously for standar-
lation between the three antigens. dising similar tests for other pathogens

[2, 3].

The coefficient of correlation between
antibody titres and P/N ratios obtained for all

Serological investigations, despite dis_the three antigens was maximum at a 1:400
tinct advantages, are yet to be adopted E%sserum dilution. Therefore, this serum dilu-

routine procedures for studying the epi-, Iigrr]1 Vé?jsczo?rehnetzif]talr;dgiﬁ'ﬁgnS'E?_lIeSi'lu'
demiology of various diseases especially ir% : 9

4. DISCUSSION

: . . hould be standardised in such a manner
developing countries. The main reason fo hat it is able to detect optimum antibodies

this is the non-availability of suitable sero-. . ) . :
logical tests, which coulgl/be used economi' & wide range of test sera including highly

ically on a large scale. Single dilution positive as well as negative sera [.10]' Th_ere—

; fore, sera of known identity showing a wide
ELISAs have been used effectively for S€I01 4 nge of antibody titres, as reported previ-
diagnosis of various infectious diseases lik k : .
FMD, pasteurellosis, babesiosis, etc. [2, 1 _usl_y [9], were usec_i to standardise single

ilution ELISA and included both known
13], where large numbers of samples ca : L
. . egative and positive sera.

be tested economically over a short period o
time. The OD of hyperimmune sera at dif- The lines of regression for the three anti-
ferent dilutions decreased gradually in multi-gens showed that the slope of the curve “b”
dilution ELISA and the OD at 1:100 dilu- (regression coefficient) was the highest for
tions showed high correlation with antibodythe piroplasm antigen followed by soluble
titres of the samples [8]. On this basis, sinschizont and cellular schizont antigens. The
gle dilution ELISAs using soluble piro- highest value for “a” (constant) was
plasm, cellular schizont or soluble schizonbbserved for the cellular schizont antigen
antigens were standardised. A serum sampfellowed by soluble schizont and piroplasm
at the same dilution might not have giverantigens. In order to achieve the best line
the same OD in different tests because aif regression and to accommodate a wide
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range of samples exhibiting low to highto prepare the cellular schizont and soluble
titres, the value of the regression coefficienschizont antigens, yet the results showed
should be high and the value of the constarthat single dilution ELISA using the piro-
should be as low as possible [13]. Keepingplasm antigen was the best choice for field
this in view, the best line of regression wasero-epidemiological studies.

obtained with the piroplasm antigen fol- e gdy revealed that a single dilution

lowed by the soluble schizont and cellularg| 1S could be standardised for the detec-
schizont antigens. The line of regression fofi 1 o antibodies againdt annulatausing

Qll the three antigens. The best line of regres-
_sion was obtained with the piroplasm anti-

: . Yen followed by the soluble schizont and

value intercept on theaxis corresponds t0 cq|jylar schizont antigens. The test was
the_ possible minimum titre, i.e. cut off titre, highly economical, time saving and easy to

which can be estimated by the line of re‘gresgerform on a large number of serum samples
sion. Since the value of the constant wagg compared to multi-dilution ELISA. This

high with the cellular schizont antigen, theyegt is therefore, recommended for use in
cut off titre for this antigen was also high. Itgqq epidemiological studies.

does not however, undermine the useful-
ness of this test for the cellular schizont anti-
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