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Serological Diagnosis of Schistosoma mansoni
Infection *

Conglutinative Complement Absorption Test in Human
and Experimental Infections

LUCYR J. ANTUNES & J. PELLEGRINO

The conglutinative complement absorption test, using adult worm antigen (Schistosoma
mansoni), was performed on the sera of 100 bilharziasis patients and of 111 non-infected
individuals. If the sera that inhibit conglutination when diluted to 1: 40 or more are con-
sidered as reactive, the sensitivity of the test is 93.7 % (six sera were anticomplementary).
No reactive sera werefound among the control group. In mice experimentally infected with
S. mansoni, specific inhibition ofconglutination began about the thirtieth day after exposure,
when sexually mature schistosomes, migrating from the liver to the mesenteric vessels,
were able to lay eggs.

Conglutinin is a relatively heat-stable globulin
occurring naturally in bovine serum which causes the
clumping (aggregation) of erythrocytes previously
sensitized by antibody and having absorbed com-
plement. In most ruminants and in swine the con-
glutinative activity ofthe serum is very high (Coombs,
Coombs & Ingram, 1961), but low conglutinative
levels are found in mice (Coombs, 1959). In appar-
ently normal individuals, Mark & Coombs (1957)
found relatively low titres of conglutinative activity.

Infectious diseases and other processes in man
and animals in which antigen-antibody systems are
involved stimulate the production of immuno-
conglutinins (Ingram & Soltys, 1960; Ingram, 1963).
These are immunoglobulins and are probably true
auto-antibodies.

In 1910 Streng developed a conglutinative com-
plement absorption (CCA) test which was later
applied in the diagnosis of several virus, rickettsial,
bacterial and protozoal diseases (Hole & Coombs,
1947a, 1947b). Rice, Boulanger & Moore (1952)
revived the interest of serologists in the test. An
extensive review of the factors governing this test and
a discussion of its potential value for serological
diagnosis was published recently (Coombs, Coombs
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& Ingram, 1961). The CCA test was demonstrated
(Pautrizel et al., 1964) to be a sensitive and specific
diagnostic test for bilharziasis.

In this paper results are presented on the con-
glutinating activity of sera from mice experimentally
infected with Schistosoma mansoni and on the CCA
test carried out in mice and patients with active bil-
harziasis.

MATERIALS AND METHODS

Human sera
Sera from 100 patients with active Schistosoma

mansoni infection (50 adults, 50 children) and from
Ill individuals known to be free of such infection
(Swedish Army personnel, 57; schoolchildren living
in the State of Rio Grande do Sul, Brazil, 54) were
used. The sera from Swedish soldiers were lyo-
philized and sent to Brazil. All sera were stored at
-20°C and inactivated at 560C for 30 minutes
before use.

Mice
Albino mice, weighing 15 g - 20 g, were infected

by the tail-immersion method (Olivier & Stirewalt,
1952), with 100 cercariae shed by naturally infected
Biomphalaria glabrata. Blood was collected by retro-
bulbar puncture at different intervals after exposure.
The serum was separated by centrifuging and was
stored at -20°C. Two groups of uninfected mice
were used as a control.
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Veronal-buffered saline ( VBS)
The saline used for all tests was VBS containing

the optimum concentration of Ca++ and Mg++,
according to Kabat & Mayer (1964).

Sheep cells
Blood was collected in sterile Alsever solution,

stored at 4°C and used after three days. Before use
the cells were washed three times in VBS and, after
the last centrifuging, a 5 % suspension was prepared
from the packed cells.

Horse complement
Horse conglutinating complement was stored in

l-ml amounts at -20°C and was thawed only once,
immediately before use.

Conglutinin
Bovine serum, stored in small volumes at -20°C,

was used as the source of conglutinin. After thawing,
the serum was inactivated at 56°C for 30 minutec.

Preparation ofsensitized sheep erythrocytes
Sheep-cell suspension was freshly prepared each

day and sensitized with the antibody present in
normal bovine serum. Equal parts of a 5% sheep-
cell suspension and of undiluted inactivated bovine
serum were mixed and incubated at 37°C for 15
minutes. The cells were sedimented by centrifuging
at 500 rpm and washed twice in VBS and resuspended
to give a final suspension of 5 % sensitized erythro-
cytes.

Preparation of alexinated sheep erythrocyte
suspension
The sensitized erythrocytes were alexinated by

mixing 7 parts of VBS, I part of 5% sensitized sheep
cells, 1 part of inactivated horse serum and 1 part of
fresh horse serum. The mixture was incubated for
7 minutes at 37°C. The cells were deposited by light
centrifuging, washed once in VBS and resuspended to
give a final 0.5% suspension of alexinated erythro-
cytes.

Titration of conglutinating activity
Sera of mice, previously inactivated, were diluted

in VBS from 1:10 to 1:160. To 0.1 ml of each
dilution, 0.1 ml of alexinated sheep-cell suspension
was added and the volume was made up to 0.3 ml
with VBS. After incubation at 37°C for 30 minutes,
the tubes were centrifuged (2 minutes at 1500 rpm)
and the aggregation of the sheep cells observed by
the technique of Coombs, Coombs & Ingram (1961).

Titration of coniplement and conglutinin
Horse and bovine sera were serially diluted in

VBS from 1:10 to 1:160 and the optimum con-
centration was estimated by block titration. For each
reagent, 0.1 ml was used and 0.1 ml of sheep-cell sus-
pension (0.5%) was added to each tube. After in-
cubation at 37°C for 30 minutes, the tubes were
centrifuged and the aggregation read. Optimum
dilutions of complement and conglutinin ranged
from 1: 20 to 1: 40.
Preparation and titration of S. mansoni antigen
A buffered saline antigen of S. mansoni " delipi-

dized" adult worms was prepared according to the
technique of Chaffee, Bauman & Shapillo (1954)
with the slight modifications introduced by Pellegrino
& Freitas (1961). The optimum dilution of the anti-
gen was selected by block titration, using a pool of
sera from bilharziasis patients and from normal indi-
viduals. Optimum antigen dilution ranged from
1: 100 to 1:250.
Indicator system for the conglutinative complement

absorption test
Equal volumes of 0.5 % sheep-cell suspension and

of the selected dilution of conglutinin were mixed and
used on the same day.
Conglutinative c omplement absorption (CCA) test
Two series of tubes containing 0.1 ml of the sera

to be tested, diluted in VBS from 1:10 to 1:160,
were prepared. To each tube, 0.1 ml of titrated com-
plement was added. To the first series, 0.1 ml of the
optimum dilution of the antigen was added and to
the second series 0.1 ml of VBS (control of serum
anticomplementary activity). The tubes were incu-
bated at 37°C for 30 minutes and finally 0.1 ml of the
indicator system was added to all tubes. After further
incubation at 37°C for 30 minutes, the tubes were
centrifuged (2 minutes, 1500 rpm) and the aggrega-
tion of sheep cells was read as before. The tubes were
maintained overnight in the refrigerator, and the
aggregation was read again. Only the last reading was
taken into consideration. Known reactive and non-
recreative sera and controls of the indicator system
and complement were always included. Sera inhibit-
ing the conglutination at dilutions of 1: 40 or above
were considered as reactive when a complete con-
glutination occurred in the corresponding dilution
without antigen.

RESULTS

Fig. 1 shows the results of the conglutinative com-
plement absorption (CCA) test performed with sera
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FIG. I

RESULTS OF CONGLUTINATIVE COMPLEMENT ABSORPTION TEST WITH SERA FROM PATIENTS
WITH ACTIVE SCHISTOSOMA MANSONI INFECTION AND FROM NORMAL INDIVIDUALSa

a Sera inhibiting conglutination at dilutions of 1:40 or above are shaded.

from 100 bilharziasis patients and from 111 normal
individuals. Considering as reactive the sera that
inhibited conglutination when diluted by 1:40 or

more, the sensitivity of the test was 93.7% (six sera

were anticomplementary). In the control groups, no

inhibition was found in dilutions exceeding 1: 20.
Immunoconglutinin titres in control mice and in

mice experimentally infected with S. mnansoni are

FIG. 2

IMMUNOCONGLUTININ TITRES IN MICE EXPERIMENTALLY INFECTED WITH S. MANSONI,
AT DIFFERENT INTERVALS AFTER EXPOSURE
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FIG. 3
RESULTS OF CONGLUTINATIVE COMPLEMENT ABSORPTION TEST ON MICE EXPERIMENTALLY INFECTED

WITH S. MANSONI, AT DIFFERENT INTERVALS AFTER EXPOSUREa

a Sera Inhibiting conglutination at dilutions of 1:40 or above are shaded.

shown in Fig. 2. Increase in titres began 30 days after
exposure. In control animals, no titres higher than
1:8 were found.

Fig. 3 shows the results of the CCA test performed
in mice experimentally infected with S. mansoni, at
different intervals after exposure. Inhibition of con-
glutination by the presence of specific antibody could
be detected starting from the thirtieth day after
exposure. In control animals, no inhibition occurred
above 1:20 dilutions.

DISCUSSION

The data here presented demonstrate that the CCA
test may be regarded as a reliable procedure for the
diagnosis of Schistosoma mansoni infection. Both the
sensitivity and the specificity of the CCA test are
comparable with those afforded by the haemolytic
complement-fixation test (Pellegrino & Freitas, 1961).
The groups of patients with active bilharziasis includ-

ed children and adults of both sexes; no difference
was found in the sensitivity of the CCA test in relation
to the patients' age or sex.
The problems caused by the zone phenomenon,

referred to by Pautrizel et al. (1964) and observed in
sera with high titres of natural anti-sheep agglutinins,
can be overcome, at least in part, if serial dilutions of
the sera to be tested are made.

In infected mice, specific antibody detected by the
CCA test and immunoconglutinin appear around the
thirtieth day after exposure, when the schistosomes,
migrating from the liver to the mesenteric veins, are
sexually mature and are able to lay eggs. However,
it is not known whether the appearance of specific
antibodies and immunoconglutinins can be directly
related to the presence of schistosome eggs. Experi-
ments conducted with unisexual infections could
clarify this question. Immunoconglutinin and CCA
test titres did not show appreciable fluctuations
during the period of observation.
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RtSUMP-

Les auteurs rapportent les resultats des r6actions d'in-
hibition de la conglutination qu'ils ont effectuees, en
utilisant l'antigene de Schistosoma mansoni adultes, sur
100 serums de malades, dont 50 adultes et 50 enfants,
atteints d'infection 6volutive A S. mansoni. Les s6rums de
111 sujets exempts d'infection, 57 soldats suedois et 54
ecoliers de l'Etat du Rio Grande do Sul, Bresil, ont servi
de t6moins. Les techniques de preparation des serums,
du complement, de l'antigene, du syst6me conglutinant
et de r6alisation de la r6action sont decrites.

Si l'on considere comme positifs les serums qui
inhibent la conglutination lorsqu'ils sont dilues A 1/40
ou plus, la sensibilite de la reaction est de 93,7%; six

serums ont et6 anticompl6mentaires. Aucun des s6rums
du groupe temoin n'a et6 positif. Les reactions ont et6
6galement pratiquees sur du serum pr6lev6 chez des souris
de 15-20 g infectees par exposition a 100 cercaires prove-
nant de Biomphalaria glabrata naturellement infectes.
L'inhibition de la conglutination a debut6 vers le 30e jour
apres 1'exposition lorsque les schistosomes, ayant atteint
leur maturite sexuelle, quittent le foie pour les vaisseaux
m6sentdriques, et commencent i pondre.

Les auteurs pensent que des experiences r6alisees avec
des animaux porteurs d'une infection unisexuee permet-
tront de savoil si I'apparition des anticorps sp6cifiques
est liee i la presence d'aeufs de schistosome.
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