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A New Whole-Scolex Complement-Fixation
Test For Hydatid Disease*

ANDOR FISCHMAN 1

The sensitivity of indirect agglutination tests for the diagnosis ofhuman hydatid disease,
although high, is not sufficient. Furthermore, the general use of hydatid fluid as antigen is
responsible for some false positive reactions. Scolex extracts have been shown to increase
specificity, but less attention has been paid to whole-scolex antigens. The author describes a
new whole-scolex complement-fixation test that, like other scolex tests, is more specific than
tests using fluid antigen. Its sensitivity is at least equal to that of the hydatidfluid latex-
agglutination test, and is higher than that of the fluorescent-antibody, the scolex extract
latex, and the hydatid fluid complement-fixation tests.

The new test is also of interest since particulate antigens are uncommon, compared with
soluble antigens, in complement-fixation techniques.

Reports on serological tests used in the routine
diagnosis of hydatid disease show that such tests
vary greatly in sensitivity and specificity. Although
the indirect agglutination tests (latex agglutination,
bentonite flocculation, and haemagglutination), with
crude hydatid fluid as antigen, are considered more
sensitive than complement fixation (Garabedian,
Matossian & Suidan, 1959; Fischman, 1965), fur-
ther improvement of their specificity and sensitivity
is desirable.
Of the different antigens that have been prepared

from crude fluid by fractionation procedures, none
has yet replaced the crude fluid antigen in routine
work, either because there is insufficient evidence for
the superiority of such antigens, or because they
involve laborious preparation.
Another approach consists in using antigens

derived from cystic material other than hydatid
fluid-e.g., extracts from membranes or scolices.
The literature on some of these extracts has been
reviewed by Hariri, Schwabe & Koussa (1965) and
Fischman & Allen (1967). Good results have been
obtained with complement-fixation and latex-agglu-
tination techniques, but their use in haemagglutina-
tion procedures is controversial.

* Read, in part, at the 40th Congress of the Australian
and New Zealand Association for Advancement of Science,
Christchurch, N.Z., January 1968.
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Less attention has been paid to techniques using
unextracted whole scolex as antigen. The fluores-
cent antibody test for hydatids was introduced by
Azevedo & Rombert (1964). A new complement-
fixation test with whole-scolex antigen has been
developed in the author's laboratory. This test has
been compared with two other scolex tests-the
scolex extract latex test and the fluorescent antibody
test-and with the conventional complement-fixa-
tion and latex-agglutination tests.

MATERIALS AND METHODS

Sera from 65 patients with surgically proved
hydatid disease, that had been tested by latex ag-
glutination and complement fixation as a routine
diagnostic procedure, were available for further test-
ing with three additional techniques. Of these sera,
52% were from patients with liver cysts, 38% from
those with lung cysts, and 10% from those with
cysts in other locations. In addition, 30 sera from
blood donors, 30 sera from miscellaneous hospital
patients with no clinical evidence of hydatid disease,
and 15 sera from patients with a diagnosis of cancer,
were tested by the following 5 tests:

Whole-scolex complement-fixation (SCCF) test.
The antigen was prepared by collecting scolices
from deposits of sheep hydatid fluids after centri-
fuging, washing 3 times with physiological saline,
and preserving the deposited scolices at - 20°C. The
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stock antigen was a saline suspension of these sco-
lices containing approximately 20 scolices per low-
power (x 100) microscope field. The working anti-
gen, prepared on the day of the test, was a 1:10
dilution of the stock antigen. Stock antigens
remained in satisfactory condition for several
months if kept at -20CC. The stock antigen was
initially standardized and was checked periodically
by testing dilutions ranging from 1:5 to 1:100 with
1 low-titre and 1 high-titre positive serum (the sera
used were freeze-dried standards prepared in this
laboratory, but international standard serum may
be used if available). When removed from deep-
freeze and suspended as stock antigen, most of the
scolices appeared to be intact. After 2 months,
some of the scolices appeared distorted; however,
the sensitivity of the antigen was unaffected after
periods as long as 6 months. Inactivated serum
diluted 1:5 was tested, and titres were determined
subsequently if necessary. Five 50% haemolysing
doses of complement were used (Fischman, 1960).
Sensitized cells were added after refrigeration for
1 hour and incubation at 37'C for 30 min, with
frequent shaking of the racks. The mixture was
then incubated for a further 15 min and the reac-
tion was read, less than 50% haemolysis being taken
as indicative of a positive reaction. Serum dilutions
and all reagents were added in 0.25-ml amounts.
Hydatid complement-fixation (HCF) test. This

was performed in essentially the same way as the
SCCF test, except that the antigen was hydatid
fluid, used in two strengths: undiluted, and a dilu-
tion of either 1:2 or 1:4.

Latex-agglutination (HL) test. The slide aggluti-
nation test, with hydatid fluid antigen, was per-
formed as described previously by Fischman (1965).

Scolex extract latex (SCEL) test. This was per-
formed by means of a tube method (Fischman,
1960; Fischman & Allen, 1967).

Fluorescent antibody (FA) test. The antigen was
the stock suspension used for the SCCF test (see
above), of which 2 drops (0.05 ml) were added to
0.1 ml of a 1:5 dilution of serum in a test-tube.
The mixture was shaken by hand and placed in a
water-bath at 37 C for 30 min. The deposit was
washed 3 times with 5-ml amounts of phosphate
buffered saline (pH 7.2), the mixture being centri-
fuged for 15 min after each wash. To each tube was
added 0.1 ml of fluorescein-conju,gated antihuman
globulin in 'optimum dilution (1:10 to 1:30), and the
tubes were shaken on a rotator at 180 rev/min for

15 min. The deposits were then washed 3 times, as
described above. To the final deposit 1 drop of
buffered glycerol (pH 9.0) was added. After mixing,
2 drops of the mixture were transferred to a slide
and examined with a Leitz fluorescent microscope,
using BG12 and OG1 filters. Appropriate controls
were included. Positive tests showed a bright green
fluorescing peripheral band surrounding the circum-
ference of most scolices. Negative tests showed no
such band, or an occasional weak band affecting
only a small part of the periphery.

RESULTS

Sensitivity
The number and percentages of positive results in

proved cases of hydatid disease are given in
Table 1. The SCCF test, with 92.3% positives,

TABLE 1

SENSITIVITY OF 5 SEROLOGICAL TESTS IN 65 CASES
OF HYDATID DISEASE

Positive results
Test

No. %

SCCF 60 92.3

HL 57 87.8

FA 53 81.5

SCEL 52 80.0

HCF 48 73.8

showed the highest sensitivity of the 5 tests studied.
The HL test was found to be slightly, but not
significantly, less sensitive. From the point of view
of sensitivity, the tests fell into three groups, the
SCCF and HL tests being highest, the FA and
SCEL tests medium, and the HCF test lowest with
73.8% positives.
Taking the 0.05 level as the criterion for signifi-

cant difference in the proportions of positives found
by comparing pairs of tests, the sensitivity of the
SCCF test is significantly higher than that of the
SCEL and HCF tests, and the sensitivity of the HL
test is significantly higher than that of the HCF test.
At the 0.10 level, the sensitivity of the SCCF test is
significantly higher than that of the FA test, and
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at the 0.005 level it is significantly higher than that
of the HCF test.
Although the SCCF test gave 3 more positive

results than did the HL test, the disagreement was
actually greater (10.7 %): 5 sera gave a positive
SCCF test and a negative HL test, and 2 sera gave a
positive HL test and a negative SCCF test. None of
the 3 other tests gave positive results when both the
SCCF and HL tests were negative; consequently,
these tests did not supply any additional informa-
tion. Of the 2 HL-positive and SCCF-negative sera,
both were FA-positive and 1 was SCEL-positive.
Of the 5 SCCF-positive and HL-negative sera, 1 was
HCF-positive and 1 was both SCEL- and FA-
positive.

Specificity
One of the blood-donor sera and 1 of the sera

obtained from miscellaneous patients gave a low-
titre (1:4) HL reaction, all other tests being nega-
tive. None of the tests gave a positive reaction with
sera obtained from cancer patients.

Reactivity
Titres given by the 5 tests with 4 different sera are

shown in Table 2. Although titres given by the

TABLE 2
RECIPROCAL TITRES OF 4 SERA WITH 5 TESTS

Titre of serum no.
Test

11 2 1 3 1 4

SCCF 320 40 160 10

HL 320 80 40 40

FA 160 20 40 80

SCEL 160 80 40 80

HCF 80 40 20 40

HCF test tend to be somewhat lower, and SCCF
titres higher, than those given by the other tests,
the differences in reactivity are not marked. There
is not always a direct correlation between the
sensitivity and the reactivity of a given test.

DISCUSSION

There is little to choose between the various
indirect agglutination techniques using hydatid fluid

antigen. Sensitivity of the same order has been
demonstrated for latex and bentonite agglutination
by Fischman (1960); for latex and bentonite aggluti-
nation and haemagglutination by Szyfres & Kagan
(1963); and for latex agglutination and haemaggluti-
nation by Parodi (1961), Zorihina (1964), Moch-
mann & Hering (1964), and Gonzales-Castro
(1965). Kagan (1965) found latex agglutination and
haemagglutination equally sensitive in proved cases
of liver cyst, although latex agglutination showed
slightly higher sensitivity with lung cysts. Since, in
addition, the latex agglutination test is much easier
to perform than the haemagglutination test, it has
been widely used as a standard routine test. It was
also used as a representative agglutination test in
the present study.
Most authors have found that complement-fixa-

tion tests are less sensitive than agglutination tests.
The figures obtained by Cowling (1964) are similar
to those found in the present study, and other
workers have found complement fixation to give
even fewer positives. Some workers (Bensted &
Atkinson, 1953; Pauluzzi, 1964) have suggested that
the less satisfactory results obtained with comple-
ment-fixation tests may be the result of using im-
properly standardized reagents. Proper standardiza-
tion made it possible for Bensted & Atkinson to
achieve a sensitivity of 93%.

In the present study, the sensitivity of whole-
scolex complement fixation was found to be well
above that usually achieved by complement fixation,
and equal to that of agglutination tests.
The excellent results of the whole-scolex comple-

ment-fixation test are of interest not only because
they help to restore confidence in hydatid comple-
ment fixation, which some workers have recently
tended to ignore, but also because the complement-
fixation test is essentially designed for use with
soluble antigens. Nevertheless, particulate antigens
have been successfully used in other tests-e.g., the
suspension of bacteria used in the complement-
fixation test for brucellosis, which is claimed to be
superior to other techniques (Kerr, Coghlan, Payne
& Robertson, 1966).
A single test, however sensitive, does not seem to

be adequate. The use of a scolex test, such as the
SCCF test, and one agglutination test, such as latex
agglutination with fluid antig-n, appears to be suit-
able for routine purposes; a third or fourth test
should be performed in case of disagreement or
doubt. This may be a better combination than

41



42 A. FISCHMAN

those that are more commonly used at present
(2 agglutination tests or 1 agglutination and 1 com-
plement-fixation test, with hydatid fluid only).
Of the scolex tests that were compared, the SCEL

test appeared to be somewhat less sensitive than
previously reported on the basis of tests on a smaller
number of sera (Fischman & Allen, 1967). The
sensitivity of the FA test was lower than that of the
SCCF test. Modifications of the FA technique did
not appear to raise its sensitivity," but further at-
tempts to improve the technique are being made.
The FA test is less suitable for routine work, because
of the more expensive equipment it necessitates.
Both the SCEL and FA tests are of value for
confirmatory purposes, depending on the prefer-
ences of a given laboratory.

False positives have been reported with all tests
using hydatid fluid antigen, with some overlapping
of true and false positives. Specifying significant
titres and disregarding lower ones does not quite
solve the problem. Kagan (1965) accepts only titres
of 1:400 or higher as significant in the haemaggluti-

1 Fischman, A. & Beggs, W., unpublished data.

nation test. However, Zorihina (1964) has reported
a haemagglutination titre of 1:640 in a case of
cancer, and several authors have reported true posi-
tives in low titres (Parodi, 1961; Garabedian et al.,
1959; Gonzales-Castro, 1965). In the latex-aggluti-
nation test, some overlapping occurs in low titres
(under 1:10). One positive test given by serum from
a patient with cancer has been reported by Kagan
(1965). Although positive results were not obtained
in any of the tests of sera from cancer patients in
this study, a false positive latex test has been ob-
tained here in the past with serum from a cancer
patient (the fact that it was a false positive was
verified at autopsy). Such false positives may have
been the result of prior sensitization by a Casoni
skin test, as suggested by Norris (1965).

Scolex tests tend to give a lower number of false
positive tests in cases with no parasitic disease.
Whether or not cross-reactions with other parasitic
diseases are similarly reduced requires further
study. Although the latter question is less impor-
tant in New Zealand, where the incidence of other
parasitic diseases in humans is very low, it may pose
a problem in other countries.
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RISUMI

Une nouvelle epreuve de fixation du complement uti-
lisant des scolex entiers a ete mise au point pour le diag-
nostic de l'hydatidose dans le, laboratoire de l'auteur.
Ce dernier decrit cette epreuve et la compare a quatre
autres tests serologiques: la reaction de fixation du
complement utilisant le liquide hydatique, l'epreuve
d'agglutination au latex, l'epreuve des anticorps fluores-
cents et l'epreuve d'agglutination au latex utilisant de
l'extrait de scolex.

C'est l'dpreuve de fixation du complement au moyen
de scolex entiers qui s'est revelee la plus sensible: on a
obtenu 92,3% de reactions positives avec les serums
de 65 malades chez lesquels le diagnostic d'hydatidose
avait ete confirme par une intervention chirurgicale.
L'6preuve d'agglutination au latex venait imm6diatement
en second (87,8 %). Les sensibilites de l'epreuve des
anticorps fluorescents et de celle de l'agglutination au
latex utilisant l'extrait de scolex se situaient dans la
moyenne avec 81,5% et 80% de reactions positives,

tandis que 1'epreuve de fixation du complement 'a I'aide
de liquide hydatique se plagait en dernier (73,8 %).
Les epreuves utilisant.les scolex comme antigenes donnent
des resultats plus specifiques que lorsqu'on emploie du
liquide hydatique: c'est ce qui ressort d'une serie d'exa-
mens de contr6le ainsi que des publications anterieures
relatives a cette question.
Pour les travaux courants, il parait preferable de

pratiquer l'epreuve de fixation du compl6ment utilisant
des scolex entiers et une epreuve d'agglutination indirecte
avec le liquide hydatique (F'agglutination au latex, par
exemple), plut6t que I'association habituellement em-
ployee de deux epreuves d'agglutination qui sont essen-
tiellement interchangeables, ou celle d'une epreuve
d'agglutination et de l'epreuve de fixation du complement
avec du liquide hydatique.

L'application de la methode de fixation du comple-
ment utilisant des scolex entiers trouve sa justification
dans la sensibilit6 et la specificite de la reaction. Son



WHOLE-SCOLEX COMPLEMENT-FIXATION TEST FOR HYDATID DISEASE 43

int6ret reside egalement en ce qu'elle rehabilite l'usage
des techniques de fixation du complement pour le diag-
nostic de l'hydatidose qui, apres avoir ete longtemps a
1'honneur, etaient depuis peu tombees en desuetude.

Ce qui caracterise cette epreuve c'est que, contrairement
a l'habitude, elle utilise des particules d'antigene en
suspension au lieu de l'antigene soluble plus couramment
employe dans les epreuves de fixation du complement.
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