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INTRODUCTION

The diagnosis of bilharziasis in the acute stage
of the disease (haematuria in the vesical type and
gastro-intestinal disorders in the intestinal types)
can be readily made by finding eggs in the urine
(Schistosoma haematobium) or faeces (S. mansoni
and S. japonicum). In the chronic stage of the
infection, however, recovery of the eggs is much more
difficult.
A number of factors may contribute to this

difficulty. In chronic infections, cellular reaction in
the patient is very intense and the proliferation of
connective tissue, together with pseudotubercle for-
mation around the eggs, may prevent escape of the
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eggs through the mucosa into the lumen of the
intestine or bladder. Oviposition may decrease in
older worms, or undetermined factors may tem-
porarily interrupt egg production, thus reducing the
total number of eggs. The relative proportion ofmale
to female worms may change, and the absolute
number of worms may be small. The net result is a
low prevalence rate in endemic areas when evaluation
is based on one stool or urine specimen. Other para-
sitological techniques, such as rectal or hepatic
biopsy, generally reveal a higher prevalence rate and
are valuable for confirming diagnosis in individual
cases. However, for epidemiological purposes, these
methods and repeated stool and urine examinations
are neither practicable nor economical and other
methods, such as serological or intradermal tests,
should be employed.
For approximately fifty years serological methods

have been utilized in the diagnosis of bilharziasis.
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Many kinds of antigens have been used and different
tests employed. Within recent years increasing use of
immunological methods has been made in epidemio-
logical studies. The relative simplicity and specificity
of these techniques as compared with parasitological
methods for the diagnosis of bilharziasis warrants
their exploitation in studies of prevalence and inci-
dence in a population; in evaluation ofworm burden,
of chemotherapeutic cure, and of control measures;
and in clarification of clinical diagnosis in individual
cases. Nevertheless, in judging the value of immuno-
logical methods, it should be borne in mind that
parasitological demonstration of infection is a
definite diagnosis, whereas an immunological diag-
nosis is based on indirect evidence (antibodies formed
against the parasite). For this reason immunological
methods should be used in practice only when the
techniques are highly sensitive (significantly more so
than coprological or urine examination), very
specific, and carefully evaluated.

In the present paper, we shall consider techniques
for obtaining basic parasitological reagents necessary
for carrying out immunological tests and for pre-
paring antigens. For purposes of antigen prepara-
tion, we shall include only the stages in the life-

cycle of the schistosome which can be obtained in a
state of relative purity, i.e., cercariae, adults, eggs,
and miracidia. Other antigenic sources, such as the
hepatopancreas of infected snails, organs of infected
animals, and extracts of various other helminths,
will not be discussed because we do not recommend
them. The techniques outlined have been drawn
from the literature on S. mansoni, but in some
instances they have been used with, or can readily
be adapted for, other schistosome species.
Each immunological test employed in the diag-

nosis of bilharziasis will be dealt with separately and
their relative merits assessed. For each method, a
summary of the more important applications of the
procedure will be made and recommendations
listed for areas of further research and evalution.
A comprehensive review of the literature in tabular
form for each immunological test is included. Both
the intradermal and complement-fixation tests will
be discussed more completely than other tests, for at
the present time they are the ones that are used most
frequently for diagnosis. In addition, other areas
in the sero-immunodiagnosis of bilharziasis requi-
ring further research and development will be
discussed.

TECHNIQUES FOR OBTAINING SCHISTOSOME REAGENTS
FOR IMMUNOLOGICAL TESTS

The effectiveness of the various serological tests
for the diagnosis of bilharziasis hinges primarily
on the type and quality of the antigenic materials
employed. An adequate supply of suitable antigens,
in turn, depends upon the use of efficient methods
for obtaining large quantities of parasitological
materials free of contaminants. Outlined here are the
essential details of the methods we consider most
satisfactory for obtaining adequate quantities of
adult schistosomes, cercariae, eggs, and miracidia.

CERCARIAE

To obtain cercariae for use in the various in vitro
tests or for the preparation of cercarial powder for
antigen extraction, infected snails are isolated in
small volumes of water under conditions that favour
emergence of the cercariae. Suspensions of sufficient
density can then be readily obtained by centrifuga-
tion( Oliver-Gonzalez & Pratt, 1944; Katzin & Most,
1946); by sedimentation, after first immobilizing the

cercariae by chemical processes or by lowering the
temperature of the water (Bozicevich & Hoyem,
1947; Martins, 1949; Oliver-Gonzalez, Bauman
& Benenson, 1954); or by pipetting off the upper
portion of the liquid, where the cercariae are usually
concentrated (Vogel & Minning, 1949a).
For the preparation of antigens free of contami-

nants, accelerated vertical migration of the cer-
cariae in a separating funnel (Standen, 1950, 1952)
and concentration in crucibles and funnels fitted
with porous discs (Pellegrino & Macedo, 1955;
Pellegrino & Nunes, 1956) have been employed.
When sufficient numbers of infected snails are
available, the latter process, which will be described
in detail, can yield a rich harvest of dry material
(100-150 mg in a single day).

Technique for concentration of cercariae (Pellegrino
& Nunes, 1956)
1. Australorbis glabratus infected with S. mansoni

are washed and cleaned, and separated in groups
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of 20-50 into beakers holding 300 ml of water. The
snails are then exposed to sunlight or artificial light
for 1-3 hours to force the emergence of cercariae.

2. The cercarial suspension is passed through four
thicknesses of gauze to remove snail faeces and other
detritus.

3. The cercariae are concentrated in crucibles or,
for large volumes, in Buchner funnels fitted with
sintered glass discs of medium porosity (grade M
or G3: maximum diameter of the pores about 20 ,u).

4. The dense cercarial suspension is placed in
conical flasks and left in the refrigerator until the
following day to allow sedimentation of the cercariae.

5. The supernatant liquid is discarded and the
small volume remaining, containing the cercariae, is
*transferred to ampoules and shell-frozen.

6. The material is frozen in dry ice and lyo-
philized. Successful preparations have been made
-by drying the cercariae over calcium chloride.

For in vitro tests, the cercariae may be used after
*step 3.

ADULT SCHISTOSOMES

The collection of adult schistosomes for the
preparation of antigens should be carried out,
whenever possible, by perfusing the liver and mesen-
-tery of heavily infected laboratory animals. The
choice of animals is important, as well as the number
of cercariae used to infect them. When large numbers
of schistosomes are desired, a large animal, e.g., a
guinea-pig or a rabbit, should be used since it can
be exposed to 5000 to 20 000 cercariae. In Brazil,
-where the guinea-pig is readily infected with S. man-
soni, one such animal can supply 1000 to 3000
schistosomes (Fig. 1)-a good supply of worms for
preparation of antigen. The hamster and mouse,
which have been used by many workers, usually
yield a smaller number of worms per animal, but
-the same net result can be obtained by infecting a
proportionately larger number of animals.

Various techniques have been developed for per-
fusing small or medium-sized animals (Yolles et al.,
1947; Pan & Hunter, 1951; Ruiz, 1952; Pellegrino
a Siqueira, 1956; Radke, Berrios-Duran & Moran,
1957). We describe here in detail the technique used
in the Instituto Nacional de Endemias Rurais, Belo
Horizonte, Brazil, for perfusing the liver and mesen-
teries of infected guinea-pigs. A modified version
of this technique is satisfactory for perfusing mice
also.

Perfusion technique (Pellegrino & Siqueira, 1956)
The perfusion apparatus consists of ajar ofnormal

saline placed 1 m above the table. A system of
rubber tubes connects the jar to several glass taps,
each of which, in turn, is connected by a piece of
fine, flexible rubber tubing to a glass cannula. Ends
of the cannulae are bevelled and are preceded by a
swelling in the tube. When a cannula has been
introduced through an artificial opening made in a
blood vessel or in the organ to be perfused, the
corresponding tap is then opened to permit the
flow of saline through the organ.

Following are the steps in the perfusion process:
1. Inject 15-20 mg of heparin by the intracardiac

route and after 30 minutes sacrifice the animal.
2. When working with guinea-pigs, fasten the

animal to a board and make a median incision of the
thorax and abdomen. Cut the ribs and anterior part
of the diaphragm and expose the thoracic organs.

3. For perfusion of the liver, make the following
ligatures:

(a) double ligature of the inferior vena cava in the
neighbourhood of the heart;
(b) double ligature of the inferior vena cava
between the right renal vein and the liver;
(c) double ligature of the portal vein near the
liver;
(d) single ligature of the oesophagus below the
diaphragm.
4. Carefully withdraw the liver, cutting the veins

between the ligatures mentioned above, the oeso-
phagus above the ligature, the bile duct, ligaments
and diaphragm.

5. Place the liver in an enamelled vessel for
perfusion.

6. Grasp the inferior vena cava above the dia-
phragm between the thumb and index finger of the
left hand. Using a small pair of scissors held in the
right hand, make a small transverse cut in the vessel.
Introduce a glass cannula through this orifice and
connect it firmly to the vessel.

7. Open the portal vein by cutting the ligature
around it and proceed with the perfusion of the
liver. Open the glass tap and adjust it to regulate
the flow of liquid.

8. For perfusion of the mesentery, make the
following ligatures:

(a) single ligature of the aorta, immediately below
the aortic arch;
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FIG. I
ADULT WORMS OF SCHISTOSOMA MANSONI COLLECTED
FROM A GUINEA-PIG EXPOSED TO 5000 CERCARIAE

FIG. 3
SIDE-ARM FLASK USED FOR ISOLATION OF MIRACIDIA

SIDE ARM FLASK

FIG. 2
EGGS OF SCHISTOSOMA MANSONI ISOLATED

FROM INTESTINE OF EXPERIMENTALLY INFECTED MOUSE

FIG. 4
INTRADERMAL TEST WITH SIX ANTIGENS AND BUFFER
SALINE CONTROL IN THE BACK OF AN INFECTED INDI-
VIDUAL 15 MINUTES AFTER INJECTION OF ANTIGENSa

a Note small size of third reaction from the left, which Is the
site of Injection of the saline control.
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(b) double ligature of the rectum, including the
vessels passing near it;
(c) single ligature of the abdominal aorta,
together with the inferior vena cava, slightly
above the origin of the iliac veins.
9. Cut the aorta in the thorax, together with the

spinal column, slightly above the ligature.
10. Cut the rectum between the ligatures. Detach

it as far as the base of the iliac veins but without
cutting the vessels.

11. Cut the abdominal aorta, together with the
inferior vena cava and the subjacent osseous plane,
immediately below the ligature of these vessels.

12. Withdraw all the organs between the two
points of the spinal column which have been cut,
separating them carefully from the skin. Wash the
whole in tap water and place in the perfusion vessel.

13. Separate the thoracic aorta from the spinal
column by about 1 cm. Make a small transverse
cut in the aorta, then introduce a glass cannula
into the opening and secure it firmly.

14. Remove the ligature on the portal vein, and
open the glass tap to allow passage of the perfusing
liquid.
When working with mice, the basic procedure can

be greatly facilitated by tearing the skin in the region
of the abdomen and peeling it off over the head and
tail. After the abdominal and thoracic areas have
been opened, one ligature is usually required at the
inferior vena cava above the diaphragm. An 18-
or 20-gauge (1.25 mm or 0.90 mm) needle is then
inserted into the thoracic aorta, the portal vein is
cut, and the animal is perfused. The effluent is
caught in a dish and the worms it contains are
collected. In some instances it is necessary to
examine the mesenteries for worms that have not
been dislodged by the perfusion process.
An interesting modification for the mass perfusion

of mice was observed at the US Army Tropical
Medical Research Laboratory in Puerto Rico (Radke,
Berrios-Duran & Moran, 1957). Many animals are
mounted on a special plastic board and perfused in
succession. The effluent liquid containing the worms is
collected into a central flask by the use of suction.
With this method, one technician during a working
day can perform autopsies on many mice, and large
numbers of worms can be collected for antigen
production.
The schistosomes collected from the guinea-pigs

and mice are washed by repeated sedimentation in

normal saline. They are then ready for immediate
use, or, for later use, can be dried and sealed in
ampoules under vacuum.

EGGS

Schistosome eggs are used in the circumoval test
for bilharziasis and in the preparation of antigens
for the intradermal test (Oliver-Gonzalez, Bauman
& Benenson, 1955a). Hence, methods for their
isolation from infected laboratory animals are
important.
Mice and hamsters are usually employed as the

source of the eggs, which are generally obtained
from the liver and intestines. The egg-laden organs
are homogenized in a Waring blender in 1.75%
saline, and the resulting suspension is ifitered through
a fine-mesh screen into conical flasks. The eggs are
concentrated by repeated sedimentation in 1.75%
saline in test tubes or Petri dishes (Oliver-Gonzalez,
Bauman & Benenson, 1955a; Griffiths & Beesley,
1955). According to Coker & Lichtenberg (1956)
rich and pure suspensions of eggs can be obtained,
after suitable homogenization and filtration, by
sedimentation of the eggs in a viscous medium
(sucrose solution).

Since large numbers of eggs of S. mansoni are
found in the small intestine of experimental mice
by the eighth week of infection, and since at this
stage granulomata formation is still unmarked in
that organ (Brener, 1956), the following method has
been developed for their isolation.

Technique for concentration of schistosome eggs
(Pellegrino, 1957)
1. Mice infected with 150 cercariae (S. mansoni)

by the cutaneous route are sacrificed, preferably
between the eighth and 11th weeks of the infection,
and the intestines removed.

2. The small intestine is separated, slit open
throughout its length, carefully washed, placed in a
Petri dish containing normal saline, and incubated
at 37°C for two hours (or in the refrigerator at 40C
until the following day).

3. The intestinal mucosa is scraped with a glass
slide in order to remove as much mucosa as possible.

4. The mucosal suspension is homogenized in a
blender for one minute and, after filtration through
four thicknesses of gauze, is passed through a fine
sieve (US Standard No. 100; 40 meshes per linear
cm).
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5. This liquid, which contains the eggs, is placed
in a glass crystallizing dish (12 cm diameter x 6 cm
high) and allowed to settle for 15 minutes.

6. The supernatant liquid is removed with a
pipette connected to a Richard's pump, so as to
leave a layer of 0.5 cm of liquid.

7. Saline (1.75 %) is added to the remaining liquid
in the crystallizing dish and the sedimentation of the
eggs is followed by means of a low-power dissecting
microscope. When sedimentation is complete, the
liquid is drawn off as in step 6.

8. Washing with double-strength saline is repeated
as often as is necessary to remove almost all the con-
taminants (Fig. 2). As sedimentation of the eggs is
rapid, only four or five minutes are required for each
washing.

Additional purification of the eggs can be achieved
by washing the suspension with saline in a Buchner
funnel fitted with a porous disc (diameter of the pores
about 40 t,). At this point the eggs are ready for use
in the circumoval test. When antigens are to be
prepared, the eggs are frozen and the sediment is
dried in vacuo.

Rowan & Gram (1959) described a quantitative
method utilizing a settling-chamber/agar-plate tech-
nique for recovering schistosome and other helminth
eggs from 20-1 samples of sewage, 10-g samples of
animal or human faeces, or 50-g samples of com-
minuted animal tissue. It is not a rapid technique but
may be used for measuring the total output of worm
eggs from an individual or from an experimental
animal.

MIRACIDIA

In the diagnosis of bilharziasis, miracidia have
been used in the immobilization test and in the
preparation of antigens for the intradermal test.
For each of these purposes a very rich suspension is
necessary. Several techniques for the concentration
of miracidia, making use of their positive photo-
tropism and negative geotropism, have been devel-
oped (Stunkard, 1946; Ingalls et al., 1949; Kagan,
Short & Nez, 1954; Chaia, 1956).
When small numbers of miracidia are needed-

for example, for the routine exposure of snails-an
especially-made side-arm flask (Fig. 3) facilitates
their collection. Livers of infected animals are torn
into small pieces and then ground with a small
amount of wet, coarse clean sand, using a mortar
and pestle or placed whole in a semi-micro Waring

blender cup in a small amount of fluid and blended
for 20 seconds. The ground or blended tissue may be
directly transferred to the side-arm flask with water
or washed in several changes of 0.85% saline by
decantation in a 500 ml pharmaceutical graduated
cylinder tapered at the bottom. Eggs are inhibited
from hatching by 0.85% saline. After the super-
natant is clear, usually following several changes of
saline, the fluid is carefully decanted and the material
containing eggs transferred to the side-arm flask with
fresh water. After transfer is made, the flask is filled
half full, then to the brim, by rapidly pouring more
water into the side-arm. This procedure leaves clear
water in the side-arm. A paper bag with a hole of
suitable size and position is then placed over the
flask so that the arm protrudes, but the rest of the
flask is covered. The flask is then placed 12-15 inches
(30-40 cm) from a light source. Miracidia, which are
negatively geotropic and positively phototropic,
swim into the clear water of the side-arm, where they
can be seen against a dark background with the
naked eye. The first miracidia usually appear after
about 5-10 minutes. Several hundreds or thousands
of miracidia may hatch from a single liver and be
swarming in the side-arm within an hour after the
flask has been filled and may be removed from the
side-arm with a pipette. After several hours, mira-
cidia may cease to appear. When large numbers are
required, as for the preparation of antigens, the tech-
niques of Sherif (1956) and Pellegrino (1957) have
been used successfully. The latter, used with eggs of
S. mansoni, is described here in detail.

Technique for concentration of miracidia (Pellegrino,
1957)
1. The eggs of S. mansoni are concentrated from

the intestine of infected mice as described above.
2. Transfer the eggs in normal saline to a glass

crucible with a sintered glass disc of medium
porosity.

3. The sodium chloride must be removed from
the medium to permit emergence of the miracidia.
Pour chlorine-free water through the crucible several
times until the excess salt is removed by percolation.

4. Expose the suspension of eggs, in chlorine-free
water, to light from a 60-watt lamp. In a few minutes
the miracidia hatch out.

5. By means of a pipette or dropper, transfer the
liquid containing the miracidia to another crucible.
Immature or degenerated eggs as well as empty
shells remain at the bottom of the first crucible.

616



CRITICAL REVIEW OF IMMUNOLOGICAL METHODS FOR DIAGNOSIS OF BILHARZIASIS

6. In the second crucible the miracidia can be
concentrated as required, depending on the final
volume of liquid remaining in it. This suspension
is ready for use in immobilization tests.

When a miracidial antigen is to be prepared,
transfer the suspension to a watch glass, freeze it in
dry-ice, and dry in vacuo in the presence of calcium
chloride.

INTRADERMAL TEST

Patients with bilharziasis may show specific
cutaneous sensitivity at an early stage of the disease
(Fig. 4). It is generally agreed that this sensitization,
resulting from the formation of circulating antibody,
becomes evident after four to eight weeks of infection
and persists for many years even after suitable
treatment (Mayer & Pifano, 1945a, 1946; Martins,
1949; WHO Expert Committee on Bilharziasis,
1953; Oliver-Gonzalez, 1953; Pifano & Ron, 1955,
1957; Pellegrino, 1958). When these sensitized
individuals receive an intradermal injection of an
extract prepared from some stage of the schistosome,
the skin reaction produced is usually of the histaminic
or immediate type. Delayed reactions have been
reported, but their significance has not been eval-
uated.

SUMMARY OF FEATURES

A perusal of the literature outlined in Table 1
concerning the use of the intradermal (ID) test in
the diagnosis of bilharziasis suggests the following
summary:

1. The ID test varies in sensitivity depending upon
the antigen employed (Table 2).

2. The antigen of choice for the ID test at the
present time is one made of adult schistosomes
(Coutinho, 1952b, Ruiz, 1953; Sadun, Lin & Walton,
1959; Horstman, Chaffee & Bauman, 1954; Pelle-
grino, 1960).

3. There is a group reaction with various other
schistosome antigens.

4. Antigens of non-schistosome species have been
used as diagnostic antigens, but in some instances
have proven to be quite insensitive (Hassan &
Betashe, 1934; Culbertson & Rose, 1942; Khalil &
Hassan, 1932b; Peres & Pena, 1945; Culbertson,
Rose & Oliver-Gonzalez, 1947; Martins, 1949;
Oliver-Gonzalez, 1953).

5. The ID test is fairly specific and is not in-
fluenced by other helminth infections (except certain
trematode species) or by allergic conditions (Cou-
tinho, 1948; Mayer, di Prisco & di Prisco, 1949;
Sherif, 1956).

6. Antigens have been reported as stable for at
least four years (Lurie & de Meillon, 1951).

7. The ID test is more reactive in adults than in
children. In adults the duration of infection has a
definite correlation with the intensity and sensitivity
of the test (Coutinho & Pess6a, 1949; Pess6a &
Barros, 1953; Ruiz, 1953; Lopes, 1945; Martins,
1949; Wright et al., 1947; Coutinho, 1952a; Lurie,
de Meillon & Eiselen, 1953; Pellegrino, Memoria
& Macedo, 1957; Sadun, Lin and Walton, 1959;
Okabe et al., 1954; Ritchie et al., 1956).

8. The evaluation of a positive test should be made
on the basis of area of the wheal and not on its length
and width (Pellegrino, Memoria & Macedo, 1957;
Sadun, Lin & Walton, 1959).

9. The optimal time for reading the ID test is
15 minutes for the immediate type of reaction
(Pellegrino & Macedo, 1956).

10. The area of erythema around the wheal is not
correlated to the intensity of infection or the positi-
vity of the test (Taliaferro & Taliaferro, 1931).

11. The presence of irregular edges or pseudopodia
of the wheal is significant only in segregating
positive from doubtful reactions (Mayer & Pifano,
1945b).

12. The ID test is not useful for an evaluation of
chemotherapeutic cure within 8-12 months of treat-
ment (Gelfand, 1950; Fairley, 1951; van Wezel, 1951;
Oliver-Gonzalez, Bauman & Benenson, 1955a;
Oliver-Gonzalez, Ramos & Coker, 1955; Manson-
Bahr, 1958; Pellegrino, 1960; Pellegrino & Memoria,
1960f).
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TABLE I
CHRONOLOGICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASISa

Infected Control
Year Author Antigen No. pOs./ No. pos.1 Remarks

No. tested No. tested

1927 Fairley & 0.2-0.5 % Saline extract 7/8 Sh 3/47 First use of skin test for bilharziasis.
Williams Planorbis exustus (87.5 %) (6.4%)

(Schistosoma spindale)

1929 Manson-Bahr Fairley's antigen 2/2 Sh Verifled Fairley & Williams' report.

1931 Taliaferro & Saline extract: 40/46 Sm 0/42 Positive skin test should show Increase inTaliaferro 1. Australorbis glabratus (86.9 %) size of wheal and pseudopods. Erythema Is
(Sm) of little importance. Normal snail antigen

2. Normal snail 12/72 shows high non-speciflc response.
17.1 %

1932 Vogel Saline extract 16/19 Sh 6/28 Utilized scratch test. Believed nonspeciflc
Planorbis pfeifferi (Sm) (84.2%) (21.5%) results due to sensitivity of Negro skin for

2/3 Sm phenol.

1932b Khalil & Hassan 0.4 % Carbol saline 132/136 0/42 10/10 cured Individuals.
extract of adult: (97 %) 4/136 delayed reaction.
1. S. bovis Use of heterologous antigen with good
2. S. spindale results.

1934 Ramsay Snail livers of 1250/1397Sm, 33/186 Extracted snail liver with ether prior to
Bulinus chadiensis, Sh (17.7 %) extraction with saline. Tested 5482 in
Physopsis globosa (89.5 %) Nigeria; 66 % positive by ID test and only

31 % positive by stool examinations.

1934 Hassan & Lipid-free extract of 124/130 0/32 Heterologous antigens if prepared properly
Betashe adult Fasciola gigantica (95.5 %) may be used for diagnosis of bilharziasis.

1936a Kan Adult Si extracted with 282/383 1 % Control antigens of Taenia crassicolis and1936b 0.1 N Na2CO3 + I % phe- (96.7 %) Clonorchis sinensis were negative. 60.4 %
nol positive ID tests correlated with faecal

examination. I % false negatives. 624 indi-
viduals examined.

1938 Blackle & Alves Miracidium of Sh or Sm Quoted by Alves & Blair (1946).

1941 Risquez & Boza Cercariae (Sm) 28/30 Observed many delayed skin reactions.
(93.3 %) 4/16
24/26 Sm
(92.8%) (25%)

1941 Minning Adult (Sm) 9/9 Sh Skin test positive with six individuals whose
(100 %) sera were negative by CF test.

1942 Inoue et al. Adult (Sj) 61/153 (SI) Quoted by Matsuse (1956).
(39.9 %) Epidemiological study with schoolchildren.

1942 Culbertson & 1: 200 Dilution of adult 9/10 Sm 0/12 0.5 % Carbol saline extract used. Antigen
Rose Pneumonoeces medio- (90 %) present in small amount in extract sinceplexus could not be diluted more than one- or

twofold.

1942 Boza Cercariae (Sm) 77/83 AApproximately 93 %; reported by Coutinho1Sm=S.mansoi; Sj= S.jaonicum;Sh=(93%) (1952a).

a Sm = S. mansoni; Sj S. japonicum; Sh = S. haemafobium.
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TABLE 1

ICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a

(continued)

19

Infected Control
Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

Mayer & Pifan0 (Article not available)

1944 Oliver-Gonzalez 1:10 000 Adult worms 96/96 0/40 Cercariae and adult antigens highly speci-
& Pratt (Sm) (100 %) fic.

1:10 000 Saline extract 96/96 0140
cercariae (Sm) (100 %)

1945 Peres & Pena Eurytrema coelomaticum 39/44 3/45 Heterologous antigen quite specific.
1:10 000 saline extract (88.6 %) (6.7 %)

1945 Tavares da Silva Snail; A. glabratus (Sm) 31/68 31/68 pos. of whom 16 were passing eggs.
(45.6 %) Antigen very inactive.

1945 Lopes Cercariae (Sm) From Coutinho (1952a). Lopes did notobtain
0.001 mg N/mI conclusive results with cercarial antigen in

controls.

1945a Mayer & Pifano Coca's extract of adult 163/171 0/253 4 045 tests showed 1 360 positives (33.62 %),
Sm " Bilharzina" (95.4 %) which is approximately the same incidence

as found with faecal examinations in Vene-
zuela. Antigens prepared from liver and
eggs, spleen and eggs, from infected ani-
mals were not good. Adult-worm antigen

l_____ ______________________ _____________________________ ______________ ______________ is superior to snail antigen.

1945b Mayer & Pifano Adult (Sm); Adult Sm superior to F. hepatica.
Adult Fasciola hepatica

1946 Mayer & Pifano Adult (Sm) Review of previous work.
"Bilharzina" Reported 19 000 tests made in Venezuela.

1946 Alves & Blair 0.5 % Phenol extract of 399/592 0 % Cercarial antigen is effective after treat-
cercariae of Sh. (67.4 %) ment; after 6 months 85 % of patients show
1 000 cerc./ml " Salisbury neg. ID tests. 399/592 in epidemiological
antigen" survey.

1946 Morales & Cercarial antigen (Sm) 32/38 4/12 Compared ID test with rectal biopsy and
Maldonado (84.2 %) (33.3 %) stool examinations. 157/817 pos. ID test,

bu.t of 160 with negative ID 26/78 were pos.
by rectal biopsy. 4/15 with neg. ID test had
eggs in stools. Rectal biopsy is superior
to ID test in sensitivity.

1946 Goldstein Adult S. bovis 9/9 0/46 Temperature at site of injection rose slight-
(100 %) ly after injection of antigen.

1946 Faust et al. 5/7 Obtained poor results with serological test.
(71.4%)

1946 Katzin & Most 1:5000 Concentration of 53/54 0/39 60% of 57 treated cases were negative
saline extract of cercariae (98 %) within several months of treatment.
of Sm

a Sm = S. mansoni; Sh = S. haematobium.
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CHRONOLOGICAL LIST
TABLE I

OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a

(continued)

Year Author Antigen
Infected

No. pos./
No. tested

Control

No. pos./
No. tested

Remarks

1947 Bozicevich & 0.3 % Phenol extract of Higher concentration of antigens gave a
Hoyem cercariae Sm greater number of positive results but also

1:8 000 dilution 8?/132 2,135 more nonspecific results. Adult antigen
(63 %) (1.5 %) gave more nonspecific results than cer-

1:1 000 adult Sm 85/109 carial antigen.
(80%)

1947 Culbertson, Rose 1:200 Planaria maculata 9/10 0/12 Titrated various antigens and were able to
& Oliver-Gonzalez 1: 1 000 Pneumonoeces 7/10 0/12 show that Planaria was less reactive than

medioplexus P. medioplexus and that Sm antigen was
1: 10 000 cercariae Sm 8/10 0/12 more reactive.

1947 Alves car S3 antigen Sm or Believed every case of bilharziasis will show
Ceral as bury antig en" a positive skin test.

1947 Pratt & Oliver- 1:10 000 cercarial Sm 40/41 Cercarial antigen may be stored for at least
Gonzalez (98 %) 8 months at 4°C without loss of antigenicity.

1947 Wright et al. 0.3 % Phenol, 1:1 000 22/28 Sj Very few of military personnel infected
saline adult Sm (78.6 %) 4-5 months earlier gave positive ID test.

28 chronic patients 77.5 % positive. Dura-
tion of infection contributes materially to
sensitization.

1948 Gelfand Cercarial antigen 66/100 20 % Does not verify claim of Alves & Blair (1946)
"Salisbury antigen" (66 %) with regard to specificity.

1948 Blair & Ross Cercarial antigen Attempted to standardize reaction.
"Salisbury antigen" Pos. = I 3 times initial size; neg. = 15 %

or no increase in wheal size.

1948 Blair Cercarial antigen 50 %-80 % of positive intradermal reactors
"Salisbury antigen are passing eggs of Schistosoma.

1948 Coutinho Thiomersalized saline 17/17 Technique very important in test. No
extract of adult Sm cross-reactions with other helminth infec-
"Bilharzina" tions.

1949 Coutinho Thiomersalized carbo- 99/100 1/40
nate saline extract of 21/21 (2.5 %)
adult Sm " Bilharzina

1949 Coutinho & Thiomersalized carbo- 26/34 14/66 All patients were below 20 years of age.
Pess6a nate saline extract of (76.5 %) (21 %)

adult Sm " Bilharzina

1949 Augustine & Extracts of non-human I Tests in rabbits infected with Sm show
Weller schistosome cercariae that non-human schistosome cercariae do

not cross-react in ID test.

1949 Martins 1. Polysaccharide Comprehensive review of diagnostic me-
fraction of snail 1. 799j925 thods in serology of bilharziasis.

(86.4 %)
2. Cercariae 2. 950/1 088 61120

(87.3 %) (5 %)
3. Adults 3. 350/398 2/50
4. Eurytrema coelomati- (87.9 %) (4 %)

cum
5. Non-schistosome

cercariae

a Sm = S. mansoni; Sj = S. japonicum; Sh = S. haematobium.
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TABLE I

ICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a
(continued)

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1949 Mayer & Pifano "Bilharzina" 95 % Method of preparation and experience
with " Bilharzina " given. 95 % specificity
claimed. Adult antigen superior to cerca-
rial antigen.

1949 Mayer, di Prisco, "Bilharzina" Tested many allergic patients. No cross-& di Prisco reaction with " Bilharzina " due to allergic
state. Rate of positive ID test in Caracas
(29.8 %) is very close to rate obtained by
stool examination.

1949 Silva & Costa Snail liver 51/68
A. glabratus (75 %)
Cercarial antigen
" Salisbury "

1950 Hunter & Ritchie 1:10000 adult (Sj) 108/115 0/68 Adult antigen slightly more specific than
1:10 000 cercarial (Sj) (93 %) cercarial antigen. Tested children 11-15

years of age.

1950 Morales et al. Comparison of ID test, stool examination
and rectal biopsy.

1950 Gelfand Cercarial antigen 51/100 18/100 Does not believe skin test is highly specific" Salisbury (51 %) (18 %) nor can it be correlated with treatment.

1950 Coutinho Same article as Coutinho (1949).

1950 Most etal. Review of work of Katzin & Most (1946).

1951 Coutinho " Bilharzina" 980/1 000 1 000 tests with 98 % specificity.
(98%)

1951 Fairley Review: negative skin reaction is presump-
tive evidence against infection. Intradermal
test no criterion for cure.

1951 Lurie & de 1:1 000 Carbol saline 43145 1/35 Intradermal test very sensitive. AntigensMeillon cercarial Sm, Sh (95.6 %) (2.8 %) of hydatid, Ascaris, Taenia saginata cross-I % Carbol saline of F. 34/35 0/25 reacted with bilharziasis.
hepatica (97.1 %)

1951 Pereira Cercarial (Sm) 95/150 Believes rectal biopsy is superior to ID test,
(63.4 %) since 5 of 46 non-reactors were positive for

bilharziasis.

1951 van Wezel Cercarial Sh " Salisbury 1761180 15/100 23/43 treated patients tested after 12 months
antigen" (97.7 %) (15 %) were positive. Rate of nonspecific reactions

high.

1951 Pesigan et al. 0.3 % phenolic extract of 325/358 2/45 Preliminary study of large epidemiological
cercariae (Sj) (91 %) (4.4 %) test.(1 000 cerc./ml)
1:1 000 adult (Sj)

a Sm = S. mansoni; Sj = S. japonicum; Sh = S. haematobium.
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TABLE; I

CHRONOLOGICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a

(continued)

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1951 Pesigan Preliminary report of epidemiological study.

1952a Coutinho Acetone-treated saline 20/20 Comprehensive review of diagnostic me-
extract of adult Sm thods. Noted less intense reactions in

children below 15 years of age.

1952b Coutinho Acetone-treated saline 824/844 In these two groups of patients:
extract of adult Sm (97.7 %) ID test, 97.7%, CF test, 96.4%;

674/693 ID test, 97.3 %, CF test, 96.6 %.
(97.3%)

1952 Lurie, de Meillon Cercarial antigen (Sm) Monkeys infected with bilharziasis negative
& Stoffberg by ID test, positive by CF test. ID test

positive 5 weeks after exposure.

1953 Lurie, de Meillon Cercarial (Sm) 1/19, 9-12 yrs; ID test in children not reactive. Same
& Eiselen 2/8,13-16 yrs; antigen 100 % specific in adults.

100% adults

1953 Davies, Coca's extract of:
Eliakim & Gilon 1. snail livers, 32/36 (89 %) 9/33 (27 %) Adult Sm antigen superior to snail and

A. glabratus Fasciola antigen.
2. adult (Sm) 47/52 (90 %) 3/275 (1.2 %)
3. F. hepatica 20/30 (66 %) 4/36 (11 %)

1953 Okabe & Coca's extract 671/1698 Epidemiological survey of people In an
Yamaguchi 1:10 000 adult (Sj) (39.4 %) endemic area.

1953 Oliver-Gonzalez 1:10000 cercariae Sm 235/246 130/140 positive ID test 4 years after treat-
(95.5 %) ment; with Fasciola antigen 52% positiveF. hepatica 52 % reduced to 10 %; with Pneumonoeces, 93 %

P. medioplexus 93 % reduced to 29 % positive. Heterologous
antigen of value in determining cure.

1953 Pess6a & Barros Adult Sm 93/109, 5-10 ID test less sensitive in young children.
yrs (85.4 %) No difference noted between coloured and
66/72, 11-14 white children.
yrs (91.7%)
59/61, 15 yrs
(96.7 %)

1953 Prata (Not available)

1953 Ruiz Coca's extract of adult 89/89 Antigen was delipidized before extraction.
Sm previously treated (100 %) w
with absolute alcohol

1954bl Davies & Eliakim I1:1 000 extract A. 32/36 (89 %) 9/33 (27 %) Snail antigen should be discarded. Adult
glabratus antigen highly recommended.

1:10 000 Coca's adult 47/52 (90 %) 3/275 (1 %)
(Sm) F. hepatica 20/33 (66 %) 4/36 (11 %)

1954 Horstman, 1 276 soldiers examined.
Chaffee & 18.8 % positive by stool examination and
Bauman J 45% positive by ID test.

a Sm = S. mansoni; Si = S. japonicum.
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TABLE 1

CHRONOLOGICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a

(continued)

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1954 Okabe et al. Coca's extract of adult (a) 1 746/2 621 (a) endemic area; (b) perimeter; (c) outside
worms (Sj) (66.6 %) endemic area. Noted that in febrile cases

(b) 657/2 540 ID test was negative. ID test positive two
(25.9 %) months after exposure.

(c) 891/4 199
(21.2 %)

1954 Oliver-Gonzalez, (a) 1: 10 000 cercariae 99/104 Noted that individuals passing eggs were
Bauman & (Sm) (95.2 %) not very reactive to egg antigen.
Benenson (b) eggs (Sm) 37/104

(35.0 %)

1954 Pesigan et al. 1:1 000 adult (Si) 996/1 051 54/2 258 Epidemiological studies reveal 31.14 %
(94.6 %) (2.39 %) .positive in endemic areas; 2.39% in non-

endemic areas; 0.93% false positive reac-
tors.

1954 Sawada et al. Adult (Sj) Fraction water-soluble precipitated with
50 % ammonium sulfate was more sensitive
than CHO in intradermal test.

1954 Latty et al. Cercarial Sm 49/88 Epidemiological study in Puerto Rico. Skin
(55.6 %) test negative In 13 individuals passing eggs

of S. mansoni in sample of 107 tested.

1955 Ma et al. Adult worms (Sj) Diagnostic value of adult worm antigen.

1955 Wang & Wu Skin tests for Sj in animals.

1955 Valencia Review: ID positive in 95.6 %; faecal exami-
Parparcen nation in 86%-91 %; rectal biopsy in 50%.

1955 Davies & Eliakim Coca's adult (Sm) Yemen 249/690 (36 %), Iraq 58/414 (14 %)
Morocco 1/356, Afghanistan 16/235 (6.8 %)
Romania negative. Epidemiological study
of immigrants to Israel.

1955a Oliver-Gonzalez, (a) Adult (Sm) 31/36 Data on ID test during and after therapy.
Bauman & (86.1 %) After one or more years, (a) 97.4 % positive,
Benenson (b) Cercarial (Sm) 33/36 (b) 94.3 % positive, (c) 71.4 % positive. This

(91.7%) indicated that the ID with egg antigen be-
(c) Egg (Sm) 3/55 comes positive after therapy.

(8.3%)

1955b Oliver-Gonzalez, (a) Adult (Sm) Before treatment adult and cercarial anti-
Bauman & (b) Cercarial (Sm) gens 93.3% positive, egg 0 positive; after
Benenson (c) Egg (Sm) 150 days of treatment egg antigen 33.3 %

positive; after 183 days, egg 78.9 % positive.

1955 Pifano & Ron "Bilharzina" 466/497 ID test more sensitive than CF test. Recom-
Adult (Sm) (94 %) mend ID test and CHR for serological study.

1955 HsO et al. Saline extract (Sj) 214/2 562 Test in Taiwan where non-human S. japo-
(8.4 %) nicum strain found. None of 2 562 passing

a Sm = S. mansoni; Sj = S. japonicum.
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TABLE I

CHRONOLOGICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a

(continued)

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1956b Chung, (a) 1:1 000-1 :2 000 saline 14/19 (73.6 %) Liver-ova antigen not superior to adultWeng & Li extract of " liver-ova antigen, but used to prepare large quantity
antigen " of antigen for epidemlological studies is(b) Adult (Sj, 1:1 000) 16/19 (84.2 %) 95 % effective; cross-reacts with para-

gonimiasis.

1956a Weng et al. Liver-ova antigen Quoted by Chung et al. (1956b).

1956c Weng et al. Liver-ova antigen" Quoted by Chung et al. (1956b).

1956 K. Y. Ch'en et al. "Liver-ova antigen"

1956 T. T. Ch'en et al. "Liver-ova antigen" Method of preparation and clinical value.

1956 Li et al. "Liver-ova antigen" Quoted by Chung et al. (1956b).

1956 Mao et al. "Liver-ova antigen" Quoted by Chung et al. (1956b).

1956 Mao Significance and technique of intradermal
reaction.

1956 Ritchie et al. 1:10 000 adult (Sj) 144/349 0/121 Epidemiological study, positives found: in
(41.2%) 1-10-yr group, 10%; 16-30-yr group, 35%;

over 31 yrs, 99 %. Believe low prevalence in
skin sensitivity in children Indicates de-
crease in transmission.

1956 Hsu & Ameel Snail A. glabratus 2/49 Tested patients with schistosome derma-
Adult (Sj) (4 %) titis in USA. Two with history of residence

in endemic areas were positive in work
with non-human cercariae.

1956 Matsuse Adult (Sj) ID test positive 35 days after infection.
Si blood group substances A4, B3, 03
reported

1956 Huang et al. Cercarial antigen (Sj) Diagnostic value of cercarial antigen.

1956 Pellegrino & Technique of reading the wheal in theMacedo intradermal test by measuring area.

1956b| Pellegrino et al. 1:1 000 Coca's extract of Polysaccharide fraction of cercariae is not
cercariae (Sm) the only active fraction in the intradermalFormamide extract of test.
cercariae (Sm)

_

1956 Sherif 1:2000 carbol saline (A) 470/470 (B) 0/250 A, infected passing ova; B, controls; C,extract of miracidia of (D) 57/206 (C) 0/224 controls with other helminth infections;Sm, Sh (E) 50/50 D, patients cured by chemotherapy; E,
patients under treatment.

a Sm = S. mansoni; Sj = S. japonicum; Sh = S. haematobium.



CRITICAL REVIEW OF IMMUNOLOGICAL METHODS FOR DIAGNOSIS OF BILHARZIASIS 625

TABLE I

CHRONOLOGICAL LIST OF PAPERS ON THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a
(continued)

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1956 Prata et al. - _ Same article as Prata et al. (1957).

1957 Pellegrino et al. 1:1 000 Coca's extract of Among the persons tested: 100 were 10-15
cercariae (Sm) years old, 50 were 1e-19, and 100 were 20-45.

Area of wheal greatest in older individuals.

1957 Prata et al. "Bilharzina " adult (Sm) 2/158 Specificity of adult antigen high. In 1 014
l (1.2 %) individuals, stool examination gave 52 %

positive; rectal biopsy, 79%; and ID test,
82%

1957 Ch'iu et al. "Liver-ova antigen" Active components in liver-ova antigen for
ID and CF tests.

1957 Wu & Wang Use of ID test in 8730 cases with Si.

1958 Azzawi & Klimt Snail 53/88 (60.2 %) 9138 (23.7 %) High percentage of false positives with cer-
A. glabratus cercarial 223/315 230/421 carial antigen in non-endemic area. Noted

(70.8 %) (54.6 %) correlation with Ascaris infections.

1958 Mao "Liver-ova antigen" Review: pseudopositive reaction, 2 %.
Cross-reaction obtained with paragoni-
miasis. ID test important presumptive
diagnostic tool. Antigen can be mass
produced.

1958 Manson-Bahr Negative skin test observed in proven
cases. Snail antigen is not satisfactory.
In Kenya, CF test not satisfactory. Sero-
logical tests may be of little value in ende-
mic areas.

1958a] Wang et al. " Liver-ova antigen" "An approach to the nature of antigenic
substances of liver-ova antigen."

1958b| Wang et al. " Liver-ova antigen" "Some problems pertaining to the efficacy
of intradermal tests."

1958 Sadun et al. Crude antigen adult (Sj) 95% Epidemiological study. High degree of
Purified acid-soluble sensitivity with purified antigens. Less
adult antigen (Sj) 99 % reaction with paragonimiasis obtained.
Purified and insoluble Melcher-type antigen recommended.
adult antigen (Sj) 98 %

1958 Hunter et al. Saline extract
Cercariae (Sj) 123/136 2/68 (3 %) ID test useful for early diagnosis.

(90.4%)
Adult (Sj) 129/136 7/134 (5.3 %)

(94.9 %)Alcohol extract adult 21/34 7/134 (5.3 %)
(S) (61.8%)

1958 Pellegrino Comprehensive review of ID test.

a Sm = S. mansoni; Sj = S. japonicum.
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CHRONOLOGICAL LIST OF PAPERS 01

Year

1958

Author

Pellegrino et al.

Antigen

1. G. KAGAN & J. PELLEGRINO

TABLE I
N THE INTRADERMAL (ID) TEST FOR DIAGNOSIS OF BILHARZIASIS a

(concluded)

Infected Control

No. pos./ No. pos./
No. tested No. tested

Remarks

1958 Pellegrino &
Brener

1959 Hsu No data presented.

1959 Sadun et al. Adult Sj: purified and 692/696 Twofold increase in area useful for criteria
soluble fractions (99.4 %) of positive test. Cross-reaction with para-
(Melcher's method) gonimiasis and chlonorchiasis. Wheal

area increases with age of patient.

1959 Pellegrino, Cercarial (Sm) 299/558 Epidemiological study. For adults, ID testBrener & Memoria (53%) (adults) 53 % positive; stool examination 24 % posi-
Adult (Sm) 289/454 tive. Children, ID test 63 % positive, stool

(63 %) examination 65 % positive.
(children)

1959b Pellegrino et al. Adult (Sm) 100/234 Epidemiological study in 234 unselected
(42.74 %) children. Stool examination 59.40%; CF
(forearm) test 66.67 %. The back is more sensitive
138/234 than forearm in children.
(58.97%
(back)

1960a Pellegrino & Cercaria (Sm) Cercaria, adult worm, ova and miracidialMemoria Adult (Sm) antigens were compared. The former two
Ova (Sm) were more reactive than the latter two.
Miracidia (Sm)

1960b Pellegrino & Cercariae (Sm) The stability of cercarial and adult wormMemoria Adult (Sm) antigen was tested and found to be active
after 2%/ years of storage at4'-10°C with
no decrease in activity.

1960c Pellegrino & Cercaria and adults of The influence of age, sex, colour and siteMemoria Sm of reaction was tested in 607 patients.
Adults react more intensely than children
and Negroes more intensely than whites.
The back is more reactive than the arm,
and females react less intensely than males.

1960d Pellegrino & Eggs of Sm ID tests with egg antigen were performed.Memoria The results of Oliver-Gonzalez, Bauman &
Benenson (1955a) were not confirmed.

1960e Pellegrino & Adult (Sm) Early and late reactions in the skin test wereMemoria assessed for 146 patients, 24.2 % children
and 29.4 % adults showed late response.

1960f Pellegrino & Adult, cercariae, egg ID test positive one year after chemo-Memoria (Sm) therapeutic cure.

1961 Kagan, Adult (Sm) Antigens prepared in USA and antigensPellegrino & Cercariae (Sm) preparedin Brazil gave similar results whenMemoria nitrogen content was equalized.

a Sm = S. mansoni; Sj = S. japonicum; Sh = S. haematobium.
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INTRADERMAL TEST ANTIGENS

Preparation of antigens

The antigens used for the intradermal test are
usually prepared from dried and powdered materials.
The liquids employed for extraction are normal saline
or Coca's solution (0.7% NaCi, 0.05% NaHCO3,
and p.3-0.5 % phenol) or a modified Coca's solution
in which thiomersal (1: 5000 to 1: 10 000) is substitu-
ted for the phenol as a preservative. The extraction
is generally carried out for two to three days at room
temperature or in the refrigerator at 4°-6°C for two
to eight days and, in some instances, at 37°C or
56°C over shorter periods. Some workers prefer to
sterilize their antigens by passage through a Seitz
filter (Mayer & Pifano, 1945a, 1946; Silva & Costa,
1949; Pessoa & Barros 1953; Alves & Blair, 1946;
Pesigan et al., 1954) or porcelain candle filters
(Coutinho, 1948, 1949, 1951, 1952b), or by placing
the antigen in a 56°C water-bath for one hour on

three successive days (Pesigan et al., 1951). The use

of a Seitz sterilizing filter is not recommended be-
cause evaluation has shown that the activity of an
adult-worm skin-testing antigen was markedly re-
duced after filtration (Pellegrino & Rodrigues, 1960).

Antigens prepared from the eggs or miracidia of
S. mansoni have been used successfully in limited
evaluations. In the opinion of Oliver-Gonzalez,
Ramos & Coker (1955), Oliver-Gonzalez, Bauman
& Benenson (1954, 1955a) and Sherif (1956), the in-
tradermal test carried out with such antigens may be
used as a criterion of the cure of bilharziasis.

It was already evident from the initial work of
Fairley & Williams (1927), with hepatopancreatic
extracts from snails harbouring larval forms of
S. spindale, that patients infected with S. mansoni can
react to intradermal injection of heterologous
antigens (S. bovis: Khalil and Hassan, 1932b;
Fasciola hepatica: Mayer & Pifano, 1945b, 1946;
Lurie & de Meillon, 1951; Davies & Eliakim,
1954b; F. gigantica: Hassan & Betashe, 1934;
Eurytrema coelomaticum: Peres & Pena, 1945;
Martins, 1949; Pneumonoeces medioplexus: Culbert-
son & Rose, 1942; Planaria maculata: Culbertson,
Rose & Oliver-Gonzalez, 1947). Since such antigens
very frequently give rise to non-specific reactions,
their use for the diagnosis of bilharziasis should be
abandoned.

In Table 2, the sensitivity and specificity of various
skin test antigens reported in the literature are

tabulated for the three main endemic areas in the

world. It is apparent that the nonspecific response
for snail antigen in Africa is high, that isolated
reports in Africa and South America show non-
specific results with cercarial antigen, and that the
adult-worm antigen appears to be as sensitive as
the other antigens and perhaps more specific. The
sensitivity of the intradermal test varied from 80% to
95% when used with an adult-worm antigen.

In recent years a number of purified antigens have
been used for the intradermal diagnosis of bil-
harziasis. The classical technique of extraction with
Coca's solution, as modified by Pellegrino, Rezende
et al. (1959), the use of a Melcher's extract by Sadun,
Walton & Yamaki (1958) in Japan, and the publica-
tion of other methods of purification (Chaffee,
Bauman & Shapilo, 1954) have made it important to
evaluate these various antigens. Such an evaluation
has been reported elsewhere (Kagan, Pellegrino &
Memoria, 1961). The techniques for preparing these
purified antigens and a whole-worm extract are
described here in detail.

Preparation of whole-worm saline extract:

1. Homogenize 100 mg of lyophilized worms in
100 ml of thiomersalized saline (1: 10 000) for
5 minutes at 16 000 r.p.m in an ice-bath.

2. Allow to extract overnight at 4°C in a re-
frigerator.

3. Centrifuge at 10 000 g for 30 minutes at 4°C
and use the supematant as the antigen.

4. Perform nitrogen determination and adjust to
the desired nitrogen concentration with thiomer-
salized saline.

Preparation of modified Coca's extract:

1. Weigh 100 mg of dry material (cercariae or
adult worms) and suspend the material in 30 ml of
Coca's solution (0.5% NaCl; 0.275% NaHCO3,
containing 1: 5000 thiomersal).

2. Transfer the suspension to a tissue grinder with
a Teflon pestle connected to an electric stirrer or
homogenize with a high-speed disintegrator.

3. Homogenize the suspension in an ice-bath for
10 minutes at high speed.

4. Leave the suspension until the next day in the
refrigerator at 40C in a total of 100 ml of Coca's
solution.

5. Centrifuge at 10 000 g for 30 minutes and use
the supernatant as the antigen. Store the antigen in
the refrigerator.
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TABLE 2
SENSITIVITY AND SPECIFICITY OF ANTIGENS USED IN THE INTRADERMAL TEST AS FOUND IN

THE MAJOR ENDEMIC AREAS

MIRACIDIUM
Sherif (1956) 100

EGG

aOliver-Gonzalez et Chung et al. (1956b) 95 5

INFECTED SNAIL ANTIGEN
Fairley & Williams Taliaferro &
(1927) 87.5 6.4 Taliaferro (1931) 86 16
Manson-Bahr (1929) 100 Martins (1949) 85 5
Vogel (1932) 84.3 21.5 Silva & Costa (1949) 81
Ramsay (1934) 89.5 17.7 Tavares da Silva 45
Davies & Eliakim (1945)
(1953) 89 27
Azzawi & Klimt
(1958) 60 23

CERCARIAE
Alves & Blair (1946) 100
Gelfand (1950) 51
Lurie & de Meillon
(1951) 97
van Wezel (1951) 97
Azzawi & Klimt
(1958) 71

18

2.8
15

54

Risquez & Boza
(1941)
Oliver-Gonzalez
& Pratt (1944)
Morales &
Maldonado (1946)
Bozicevich &
Hoyem (1947)
Pratt & Oliver-
Gonzalez (1947)
Oliver-Gonzalez
(1953)
Pellegrino, Brener
& Memoria (1959)
Pellegrino &
Memoria (1960c)

Katzin & Most (1946) 98
Pesigan et al. (1951) 90
Hunter et al. (1958) 90

Khalil & Hassan
(1932b) 97
Minning (1941) 100
Davies & Eliakim 90
(1954b) 1.2

ADULT
Oliver-Gonzalez
& Pratt (1944) 100
Mayer & Pifano
(1945a) 95
Bozicevich &
Hoyem (1947) 82
Coutinho (1949) 99
Martins (1949) 88
Mayer & Pifano
(1949) 95
Davies et al. (1953) 90
Pessoa & Barros
(1953) 91
Ruiz (1953) 100
Oliver-Gonzalez,
Bauman &
Benenson (1955a) 86
Pifano & Ron (1955) 94
Prata (1957)

1.4
2.5
4

1.2

Kan (1936a) 90
Wright et al. (1947) 77
Hunter & Ritchie
(1950) 93
Pesigan et al. (1954) 95
Chung et al. (1956b) 84
Sadun, Lin & Walton
(1959) 99
Hunter et al. (1958) 95
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CRITICAL REVIEW OF IMMUNOLOGICAL METHODS FOR DIAGNOSIS OF BILHARZIASIS

Preparation of Melcher's schistosome antigen:
1. Extract 500 mg of lyophilized adult worms or

cercariae for seven days with petroleum ether in a
Soxhlet apparatus.

2. Grind the dried material in a tissue grinder in
25 ml borate buffer (pH 8.3).

3. Extract with shaking at 4°C overnight.
4. Centrifuge at 15 000 g for 15 minutes with an

angle-head centrifuge.
5. Precipitate the supernatant with 0.2 N HC1 in

the cold at pH 4.8 and recentrifuge.
6. The supernatant, an acid-soluble fraction, is the

antigen.
Preparation of Chaffee's skin test antigen:
1. Extract 100 mg of lyophilized cercariae or

adults with cold anhydrous ether in a calcium
carbonate salt ice-bath (-10°C) with six aliquots of
10 ml of ether.

2. Transfer to chilled centrifuge tube and rinse
TenBroeck homogenizer with 5 ml of cold anhydrous
ether.

3. Centrifuge for five minutes at 15 000 g in a
high-speed centrifuge.

4. Decant and remove remaining ether with a suc-
tion pump.

5. Grind powder with 10 ml of Veronal buffer
(pH 7.3) for 10 minutes at room temperature.

6. Rinse grinder with 5 ml of buffer.
7. Extract at 4°C for four hours.
8. Centrifuge at 4°C for 45 minutes at 10 000 g.
9. Use supernatant as antigen.

Nature and properties of antigens
There have been relatively few efforts to isolate,

from crude extracts, the fraction or fractions respon-
sible for the skin reaction in bilharziasis patients.
According to Martins (1949) and Ruiz (1953), the
active fraction may be a polysaccharide. Substances
with the chemical properties of polysaccharides were
isolated from the cercariae and adult worms of
S. mansoni and were used successfully in the intra-
dermal test. However, Pellegrino et al. (1956) re-
reported that the polysaccharides, at least those ex-
tracted from S. mansoni cercariae by the Fuller
technique, were not the only active fraction in the
skin test. They found no free carbohydrate in their
polysaccharide antigen but did find, after hydrolysis,

FIG. 5

INTRADERMAL REACTION WITH CERCARIAL
AND ADULT WORM ANTIGENS IN THE SKIN

OF 50 ADULTS INFECTED WITH SCHISTOSOMA MANSONI
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a single sugar by paper chromatography. They were
able to demonstrate that the active portion was not
limited to the polysaccharide antigen.

Antigens have been generally standardized by
taking as a basis for the preparation of the extracts,
the initial weight of the dried material (cercariae,
adult worms) added to the given volume of diluent
and carrying out preliminary tests on patients with
bilharziasis and on normal individuals (Katzin &
Most, 1946; Mayer & Pifano, 1946; Bozicevich &
Hoyem, 1947; Martins, 1949; Pellegrino & Macedo,
1956). In other instances, antigens were prepared by
counting the approximate number of cercariae or
adult worms in each millilitre of liquid extract
(Mayer & Pifano, 1945a; Silva & Costa, 1949;
Pess6a & Barros, 1953). Quantitative determination
of nitrogen was the method adopted by Lopes (1945).
Pellegrino (1957) suggested biological standardiza-
tion, since he found there was a linear relationship
between the logarithm of the antigen concentration
and the average area of the wheal in the skin test
(Pellegrino, Memoria & Macedo, 1957) (Fig. 5).
Antigens with concentrations of nitrogen of 0.02-
0.06 mg N/ml have been used successfully in field
trials now in progress (Kagan-unpublished data).

* CERCARIAL ANTIGEN
O ADULT WORM ANTIGEN

Y 3.15+ o0.40 X

Liv

629



1. G. KAGAN & 1. PELLEGRINO

There appears to be a good correlation between skin
activity and nitrogen concentration. Evaluation
studies recently completed in Brazil, comparing
antigens prepared from worms of Puerto Rican
origin with antigens prepared in Brazil, indicated that
when the nitrogen contents of the various antigens
were adjusted there was no statistically significant
difference in the intradermal response (Kagan,
Pellegrino & Memoria, 1961).
Data on the storage of the antigens show that their

stability is high. Pratt & Oliver-Gonzalez (1947) did
not find any decrease in the potency of cercarial
antigens kept in the refrigerator for a year. Accord-
ing to Mayer & Pifano (1945a), Martins (1949),
Coutinho (1951, 1952b), Lurie & de Meillon (1951)
Pellegrino (1960) and Pellegrino & Memoria
(1960b), the antigens commonly used for the diag-
nosis of bilharziasis by the intradermal test do not
show any appreciable deterioration when they are
stored for longer periods of time. Kagan (un-
published data) boiled his antigens for 30 minutes in
a water-bath with no loss of activity.

TECHNIQUE OF INTRADERMAL TEST

The intradermal test is usually performed on the
flexor surface of the forearm and, less frequently, on
the outer surface of the arm (Martins, 1949). It has
been shown, however, that skin tests carried out on
the back are significantly more intense (Mayer &
Pifano, 1945a; Martins, 1949; Pellegrino, Rezende
et al., 1959; Pellegrino, 1960; Kagan, Pellegrino &
Memoria, 1961). The volume injected varies from 0.01
ml to 0.10 ml, but preference should be given to the
smaller volumes (0.01-0.05 ml) so as to avoid false
positive reactions caused by undue distension of the
tissues by the volume of antigen injected. The antigen
dilutions generally fall between 1: 1000 and 1: 10 000
(w/v) or 20-60 jig N/ml, but higher or lower concen-
trations have been used occasionally. As already
mentioned, the skin tests are of the immediate type
and reach maximum intensity after 15 minutes (Fig. 4).
Pessoa & Barros (1953) found that patients in an
advanced stage of the disease, with enlarged spleen
and marked anaemia, may react more slowly (30
minutes). Late reactions were recorded in the papers
of Boza (1942), Martins (1949) and Pessoa & Barros
(1953) and were recently investigated by Pellegrino
& Memoria (1960e).
For injecting the antigen and control fluid, a

27-gauge (0.40 mm), ¼/4-inch or 3/8-inch (6.5 or
9.5 mm) needle should be used with a 1-ml or smaller

tuberculin syringe. During epidemiological surveys,
we recommend the continuous use of a 27-gauge
platinum needle sterilized in an alcohol flame
between injections. This effects a considerable saving
in time and equipment. In the USA, continuous use
of flame-sterilized platinum needles through
hundreds of thousands of injections during tuber-
culosis surveys has produced no indication of
transmission of virus or of other deleterious effects.

READING AND INTERPRETING TEST RESULTS

The intradermal test may be read by mere inspec-
tion of the antigen or control wheals that form or by
noting their characteristics and measuring their
diameters (Fig. 4). Also, the outline of the antigen
and control wheals may be copied through transpa-
rent paper (Oliver-Gonzalez & Pratt, 1944), or it may
be transferred to ordinary paper by pressing slightly
moistened absorbent paper over the site of the
reaction, first outlining the wheal in ink (Martins,
1949; Pereira, 1951; Pellegrino & Macedo, 1956).
The paper should be moistened with water if a water-
soluble ink is used for outlining the wheal, but with
alcohol if a ball-point pen is to be used.
Many criteria have been adopted for the inter-

pretation of the results given by the intradermal test
(Pellegrino, 1957), which makes it difficult to com-
pare the data obtained by different workers. The
most widespread standard is that proposed by Mayer
& Pifano (1945a). They injected 0.01-0.02 ml of
antigen intradermally, then classified the reactions as
negative, doubtful, or positive and subdivided the
positives into three categories. Their criteria are as
follows:
Negative tests:

Doubtful tests:

Positive tests:

Formation of a wheal with regular
edges, diameter up to 1 cm.

Formation of a wheal with slightly
irregular edges, diameter up to 1 cm.

(1) + reactions: Formation of a wheal
1-1.5 cm in diameter with irregular
edges.
(2) 2+ reactions: Formation of a wheal
about 1.5-2 cm in diameter, with irre-
gular edges or pseudopods.
(3) 3+ reactions: Formation of a wheal
about 2.5-3 cm in diameter, very irre-
gular and with pseudopods.

To provide more accurate and objective standards
for evaluating the results, Pellegrino & Macedo
(1956) suggested the following procedure.
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Fifteen minutes after injection of the antigen
(0.05 ml on the flexor surface of the forearm), the
wheal is outlined in ink and a transfer made on
absorbent paper, which is slightly moistened and
pressed over the test area. The area of the wheal
formed is determined from the transfer by means of
a planimeter or, more easily and accurately, by the
following method.
On celluloid or thick Cellophane (Fig. 6) a series

of circles are drawn, so as to range from 0.2 cm2 to
1.2 cm2 in area (difference of 0.1 cm2 between two
successive circles). At the side of these circles, three
rectangles are drawn, with areas of 1.0, 2.0, and
4.0 cm2. These rectangles are surrounded by a series
of small squares, each of 0.05 cm2. In order to
determine the area of a wheal, the celluloid is placed
on the transfer and the area read as follows:

(a) If the wheal is rounded and does not exceed
1.2 cm2, the area is determined by finding the circle
on the celluloid whose area is nearest to that of the
area of the transfer.

(b) If the wheal is very irregular and its area more
than 1.2 cm2, one of the rectangles is placed on the
transfer, so that the outline of the wheal remains
within the outline of the rectangle. The small
squares between the outline of the transfer and the
rectangle are counted, their area calculated (two
squares are equivalent to 0.1 cm2) and then added to
the known area of the central rectangle.
The following criteria for reading the skin test

were adopted in Brazil after preliminary studies in
normal and infected individuals (Pellegrino &
Macedo, 1956; Pellegrino, Brener & Memoria, 1959;
Pellegrino, Rezende et al., 1959); the antigens
employed were modified Coca's extracts of adult
worms and cercariae containing approximately
20-40 ,tg N/ml of antigen; injection of 0.05 ml was
made in the forearm:

Negative tests: wheals with an area of 0.9 cm2 or
smaller;

Doubtful tests: wheals with an area of 1.0-1.1 cm2.
Positive tests: wheals with an area of 1.2 cm2 or greater.

Although this is a valuable standard for diagnostic
purposes, subsequent studies in Brazil (Kagan,
Pellegrino & Memoria, 1961) have shown that
for epidemiological surveys the doubtful group can
be considered positive.
Apart from the inherent advantages (objectivity,

accuracy, and simplicity) of the wheal-area method of

measurement, it has the added advantage ofproviding
an estimate of the degree of cutaneous reactivity to
the antigen used. The method has proved very useful
when employed in epidemiological surveys for
bilharziasis (Pellegrino, Brener & Memoria, 1959;
Sadun, Lin & Walton, 1959; Kagan, Pellegrino &
Memoria, 1961). And while many workers prefer to
measure the diameter, we consider that method
undesirable since the wheal obtained in this skin
test is frequently irregular, in contrast to the
smooth round wheals obtained in skin tests of the
delayed type. This irregularity makes diameter
much less accurate than area as a measurement.

In the USA, Kagan (unpublished data) injected
0.02-0.03 ml of antigen in the forearm and found
that negative tests produced wheals with an area of
0.5 cm2 or less and positive tests produced wheals
with an area of 0.6 cm2 or greater. These findings
indicate that the amount of antigen injected is a
very important variable in the skin test. Although
theoretically this smaller amount may be more
desirable than 0.05 ml, it is less practical because
measurement of the smaller amount requires the
use of 0.25 or 0.5-ml tuberculin syringes, which
are not available in all parts of the world. However,
the 1-ml tuberculin syringes, which give far greater
accuracy in measurement of 0.05 ml than of 0.02-
0.03 ml, are universally available.

RECOMMENDATIONS FOR PERFORMANCE OF TEST

Our recommendations for performance of the
intradermal test for bilharziasis, based on the infor-
mation set forth thus far, are as follows: that an
antigen of known nitrogen concentration and a
control injection of saline or diluent buffer be
employed; that a 0.05-ml amount be injected; and
that the resultant wheal be recorded in terms of
area rather than diameter.
When survey data from endemic areas are plotted,

with the ordinates representing the frequency and
the abscissae the area of the wheals, two different
and slightly overlapping curves may be obtained.
The first curve includes individuals with a negative
test and the second shows the positive individuals
(Fig. 7). If, however, the survey has been carried
out on children or if the percentage of the latter in
the group studied is very high, the final results may
be greatly changed, because of the lower sensitivity
of children to the intradermal test.
A control injection is usually made with the diluent

fluid but we have found that the area of the control
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CRITICAL REVIEW OF IMMUNOLOGICAL METHODS FOR DIAGNOSIS OF BILHARZIASIS

FIG. 7
FREQUENCY OF VARIOUS WHEAL AREAS IN A POPULATION OF ADULTS TESTED IN AN ENDEMIC AREA (A), AND

IN A GROUP PROVED TO BE INFECTED BY ISOLATION OF EGGS IN STOOLS (B)
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wheal does not enter directly into the interpretation
of the results. In some cases the control injection
may enlarge and resemble the antigen injection, thus
identifying an allergic individual. In most normal
persons, the control injection does not enlarge, but
decreases in size from the time of injection until the
time of reading in 15 minutes. We believe that
thiomersal is preferable to phenol as a preservative
for the antigen. It has been reported that some
individuals are phenol-sensitive (Vogel, 1932) and
thiomersal-sensitive (R. I. Anderson-unpublished
data); however, in our experience thiomersal has
been very satisfactory as a preservative.

SENSITIVITY AND SPECIFICITY

Reported data on the sensitivity of the intradermal
test cannot be properly evaluated, because of the
diversity of the antigens and the choice of criteria
for interpreting results, together with the lack of
uniformity among individuals in the groups to which
the test has been applied. It has been recognized
that the intensity of reactions to the test is greater
in adults than in children (Fig. 8) (Mayer & Pifano,

1946; Martins, 1949; Pessoa & Barros, 1953; Lurie, de
Meillon & Eiselen, 1953; Pellegrino, Memoria
& Macedo, 1957; Prata, 1957; Pellegrino & Memo-
ria, 1960c). According to Martins (1949), Coutinho
(1952a) and Pellegrino & Memoria (1960c), the
reaction is more pronounced in men than in women
and is more intense in coloured persons than in white.

Recently, the sex and age variables were further
evaluated in Brazil, using antigens prepared in the
USA and in Brazil. In this study, the response was
more intense in adults than in children, in men than
in women, and, among children 9-15 years of age, in
boys than in girls (Kagan, Pellegrino & Memoria,
1961; Pellegrino & Memoria, 1960c), thus confirming
the earlier reports.

Generally speaking, the record indicates that in
South America the intradermal test, when carried
out with suitable antigens, gives positive results in
approximately 90% of adult bilharziasis patients.
The percentages of positive reaction in tests made
on children are lower (Tavares da Silva (1945):
45.6%; Martins (1949): 78.2% with cercarial antigen
and 83.3% with adult-worm antigen; Pessoa &
Barros (1953): 87.5%; Pellegrino & Macedo (1956):
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FIG. 8
INFLUENCE OF AGE ON INTRADERMAL REACTION WITH

CERCARIAL ANTIGEN a

I
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O ADULTS-2o YEARS OR OLDER
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a Tests were made with cercarial antigen in 100 boys 10-15
years of age and in 100 adults 20 years old or more.

79.0%). According to Martins (1949), false positive
tests in subjects with bilharziasis amount to about
5 %. Using antigens derived from cercariae and adult
worms, an intradermal test on 100 children and
100 adults chosen at random from residents of a
non-endemic area (Itajuba, south of Minas Gerais,
Brazil) showed nine doubtful and three positive
reactions, which corresponds closely to the 5% figure
mentioned by Martins (1949) (Pellegrino, Rezende
et al., 1959). Positive intradermal tests were obtained
by Hsu & Ameel (1956), using antigen from the
cercariae of S. mansoni, on individuals with a
history of cercarial dermatitis produced by the
cercariae of avian bilharziasis.

VALUE OF THE INTRADERMAL TEST

If one wishes to compare the intradermal test as a
diagnostic tool with results obtained by parasito-
logical methods, in particular with stool examina-
tion, tests made on adults must be considered
separately from tests made on children. In adults,

the intradermal test will usually reveal a larger
number of positive cases than will be found by stool
examination alone. In Puerto Rico, Horstmann,
Chaffee & Bauman (1954) tested a group of 276
soldiers chosen at random and obtained 18.8%
positive stool examinations for S. mansoni (the
examination was repeated with individuals whose
first test was negative), whereas the intradermal test,
with adult-worm antigen, was positive in 45% of
the men.

Prata (1957) was able to study each of 1014
subjects, mainly men from 16 to 20 years of age, by
three procedures-stool examination (technique of
Hoffman, Pons & Janer, 1934), rectal biopsy (exami-
nation of three fragments), and intradermal test with
adult-worm antigen. In 716 individuals, at least one of
the three tests was positive. Considering this group
alone, the following positive rates were obtained:
stool examination: 52.1 %; rectal biopsy: 79.5%;
intradermal test: 82.4%.

Recently, Pellegrino, Brener & Memoria (1959)
performed stool examinations and intradermal tests
on a randomly chosen group of 558 members of the
military police stationed at Belo Horizonte, Brazil.
The intradermal test, using cercarial and adult-worm
antigens, was positive in 299 cases (53.6 %), while the
stool examination (method of Hoffman, Pons &
Janer, 1934) revealed S. mansoni eggs in only 135 sub-
jects (24.2 %O). On the 174 soldiers with a positive intra-
dermal test and a negative initial stool examination,
stool examinations were repeated on various occa-
sions, confirming 112 bilharziasis cases. Since 13
additional soldiers had a history of a positive stool
examination or rectal biopsy or had received specific
treatment, there was a total of 125 cases confirmed
parasitologically in the group of 174 persons with a
positive intradermal test and a negative initial stool
examination. It is interesting to observe that the
complement-fixation test-using a quantitative tech-
nique and adult-worm antigen-applied to the 45
soldiers with a positive intradermal test and repeat-
edly negative stool examinations, was positive in
22 cases. In the entire group of 299, only 23 indi-
viduals with a positive skin test could not be verified
with parasitological or serological techniques, which
reaffirms the value of the intradermal test in the
diagnosis of bilharziasis.

In children, unlike adults, the intradermal test
does not give such favourable results. This is espe-
cially true when the test is made on the forearm.
Pellegrino, Brener & Memoria (1959) carried out an
investigation similar to the one mentioned above
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CRITICAL REVIEW OF IMMUNOLOGICAL METHODS FOR DIAGNOSIS OF BILHARZIASIS

with 454 children (10-15 years of age) in an endemic
focus near Belo Horizonte. The intradermal test
with two antigens (cercarial and adult worms) was
positive on 289 children (63.7 %), while stool
examination alone showed eggs of S. mansoni in 298
individuals (65.6%). When comparison was made
of the back and the arm as the test site in children,
a higher sensitivity was found when the test was
performed on the back (Pellegrino, Rezende et al.,
1959). In a group of 234 children, the intradermal
test on the forearm was positive in 43 % of the cases,
whereas on the back the test was positive in 59%.
Infection was proved by parasitological means in all
but four of 138 with positive skin tests on the back
and in all of 21 with doubtful reactions (1.0-1.1 cm2).
Results, which have not been entirely evaluated,
indicate that for children a wheal 1.0 cm2 or greater
may indicate a positive reaction.

In spite of the sensitivity of the intradermal test, a
positive reaction is not sufficient evidence to confirm
a diagnosis of bilharziasis, since skin sensitivity is
known to persist for years after the termination
(spontaneous or chemotherapeutic) of infection.
The intradermal test is useful as an auxiliary method
of diagnosis, side by side with other immunological
tests, especially where there are suspicious clinical
symptoms and a negative stool examination. Under
such circumstances, a positive intradermal test
justifies additional stool examinations or even
rectal biopsy for parasitological confirmation of
infection.
The higher prevalence rates of infection which one

obtains in the adult population with the intradermal
test may represent a more accurate estimate of
infection in the population than prevalence rates
obtained by one stool examination.
The intradermal test is useful as a method of

screening cases for treatment. Treatment should be
given to individuals with positive tests that are con-
firmed by parasitological examination (stool or
rectal biopsy).

PASSIVE TRANSFER OF SKIN SENSITIVITY

The existence of circulating antibody in the serum
of bilharziasis patients capable of sensitizing the
skin of normal subjects (Prausnitz-Kustner test) was
shown by Taliaferro & Taliaferro (1931), Guerra,
Mayer & di Prisco (1945), and Pellegrino (1957).
The behaviour of the Prausnitz-Kustner test in
patients given treatment has not been evaluated.
This entire area in the immunodiagnosis of bil-

harziasis (reagin antibodies, blocking antibodies)
should be given more attention.

ASPECTS REQUIRING FURTHER STUDY

Since 1927, over 100 papers on the use of the
intradermal test for the diagnosis of bilharziasis have
been published (Table 1). The data summarized in
Tables 1 and 2 indicate that for diagnosis and
epidemiology the method is very useful and practical.
But before it can be used by workers in separate
areas of the world, the test must be standardized, the
best method for the preparation of antigen must be
determined, and evaluation studies must be made to
designate the most satisfactory antigen. Towards
this goal, work is in progress in many laboratories
in various parts of the world and a comprehensive
programme has been initiated by the World Health
Organization. The establishment of an international
reference skin test antigen is included in this pro-
gramme. Already various antigens have been
prepared from adults and cercariae of S. mansoni
(saline whole-worm extract, Melcher's extract,
modified Coca's extract, Chaffee's extract) and their
sensitivity and specificity are under evaluation.
There remain, however, many areas that require
further study. For example:

1. Will a reference skin test antigen prepared from
cercariae or adults of S. mansoni be equally sensitive
and specific in measuring prevalence rates in endemic
areas where S. haematobium and S. japonicum are
predominant?

2. The efficiency of measuring prevalence rates in
a population and the sensitivity of the test in children
of both sexes and in adults of both sexes must be
determined and evaluated.

3. The reliability of the intradermal test as com-
pared with other serological techniques must be
evaluated.

4. Antigens must be prepared from eggs, miracidia
and metabolic products of cercariae and adults and
must then be evaluated for sensitivity and specificity
and for efficacy in indicating chemotherapeutic cure.

5. Studies in various ethnic and cultural groups
must be made to establish a base-line for positive and
negative reactions and to determine the influence of
nutritional habits and health on the intradermal
response.

6. The best site for performing the skin test,
whether the arm or the back, must be evaluated in
relation to sex and age.
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7. The influence that the skin plays on the intra-
dermal test must be determined. Methods have to be
developed for characterizing the various physiolo-
gical states of the skin and for measuring their
influence on the skin test.

8. The reproducibility of the intradermal test must
be determined. Can the test be standardized to the
extent that trained teams of individuals can obtain
comparable results in the same and in different
populations?

9. Chemical studies on the active fractions in the
antigens must be made and techniques for extracting

more highly purified and more sensitive antigens
must be developed. Techniques to remove the non-
specific factors that cause intradermal responses in
normal people must be developed.

10. The correlation between nitrogen or protein
and skin reactivity of the antigens has to be carefully
evaluated.

These are some but not all of the problems that
require further study. When we have studies that
supply the answers to these questions, we believe the
use of the intradermal test will be greatly facilitated.

COMPLEMENT-FIXATION TEST

The complement-fixation (CF) test was the first
serological test to be employed in the diagnosis of
bilharziasis. Initial studies on the test were carried
out by Japanese workers (Fujinami & Nakamura,
1909; Yoshimoto, 1910; Hayami & Tanaka, 1910;
Sueyasu, 1916). Using an alcoholic extract of the
adult worm (S. japonicum) as antigen, Yoshimoto
(1910) was the first to demonstrate the presence of
complement-fixing antibody in patients with S.
japonicum infection. The other authors studied the
behaviour of the complement-fixation test using
alcoholic and aqueous extracts of the adult worm
(S. japonicum) in animals experimentally infected
with this species.

In 1919, Fairley applied the complement-fixation
test to the diagnosis of bilharziasis caused by S.
mansoni and S. haematobium. Since he did not obtain
satisfactory results in preliminary tests with Schisto-
soma antigen (worms collected from the portal
venous system of an autopsied patient) (Fairley,
1919b), he made use of alcoholic and aqueous
extracts of infected snails (Planorbis boissyi and
Bulinus truncatus) for the diagnosis of S. haemato-
bium. Encouraging results were obtained, parti-
cularly with the alcoholic extract (Fairley, 1919b,
1919c). Among 36 bilharziasis cases of less than two
years' duration, the test was positive for 32 (88.8 Y.),
and among 97 clinical cases of long duration, 72
(74.2%) reacted positively (Fairley, 1919c).
Although Fairley and his co-workers have made

very valuable contributions to our knowledge of the
complement-fixation test in human and animal
bilharziasis (Fairley, 1919b, 1919c, 1925, 1926a,
1926b, 1927, 1933; Fairley & Jasudasan, 1930;
Fairley & Williams, 1923, 1927), the belief that
alcoholic extracts of the hepatopancreas of infected

snails were the antigen of choice (a view supported
and adopted by many workers for more than
thirty years) decisively retarded the development of
new antigens. In recent years, however, adult
schistosome extracts have been used with success
(Chaffee, Bauman & Shapilo, 1954; Davies &
Eliakim, 1954a, 1955; Eliakim& Davies, 1954b, 1955;
Horstman, Chaffee & Bauman, 1954; Naimark et al.,
1957; Schneider, Radke & Coleman, 1956; Sleeman,
1960; Pellegrino & Freitas, 1961).
The work of Chaffee, Bauman & Shapilo (1954)

marked a new and important step in that the use of
the CF test on a quantitative basis was achieved. The
use of a quantitative test has increased the reliability
of the technique and has opened up a promising
possibility for laboratory evaluation of chemo-
therapeutic cure of bilharziasis.

SUMMARY OF FEATURES

Review of the literature on the use of this tech-
nique (Table 3) indicates that extracts of hepato-
pancreas of infected snails, cercariae, and adult
schistosome worms have been the antigens employed
by most workers. The results obtained with these
antigens, as well as " liver-ova " antigen and antigens
prepared from heterologous species, are listed in
Table 4. The data have been subdivided into reports
from the three major endemic areas in the world.
Results reported by various workers cannot be
fairly evaluated because various techniques have
.been used in performing the test, different methods
have been followed in preparing antigens, and sera
drawn at different stages of the disease have been
employed. However, the following facts may be
gleaned from a perusal of the literature.
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1. The CF test with a sensitive antigen is 75 %-95%
reliable in detecting acute and chronic bilharziasis
and gives a very low nonspecific response with
normal sera.

2. Good results have been obtained with all
schistosome antigens employed. Hepatopancreas
antigen has proved to be sensitive and quite specific.
Very few workers have used cercarial antigen,
although results with it have been excellent. In
recent years there has been an extensive use of adult-
worm antigen; except for one report from Japan, it
has been found as sensitive as those from the other
stages in the life-cycle.

3. The CF test with crude saline antigen extracts
cross-reacts with syphilitic sera (Yoshimoto, 1910;
Hoeppli, 1921; Bettencourt & Borges, 1922; Le Bas,
1924; Miyaji & Imai, 1928; Minning, 1941; Chaffee,
Bauman & Shapilo, 1954).

4. The use of purified antigens improves the
specificity and sensitivity of the test. To date all the
work on purification of antigens has been with adult
worms (Chaffee, Bauman & Shapilo, 1954; Horst-
man, Chaffee & Bauman, 1954; Schneider, Radke &
Coleman, 1956; Chaffee & Nieves, 1957; Schneider &
Radke, 1957; Sleeman, Burke & Kent, 1958; Sadun,
Lin & Walton, 1959; Sleeman, 1960; Pellegrino &
Freitas, 1961).

5. Antigens prepared from heterologous trema-
tode species are not as effective as schistosome
antigens (Hoeppli, 1921; Bettencourt & Borges,
1922; Shousha, 1924; Le Bas, 1924; Andrews, 1935;
Eliakim & Davies, 1954b.)

6. Saline extracts are more sensitive than alcoholic
antigens (Hayami & Tanaka, 1910; Tanaka, 1912;
Miyaji & Imai, 1928; Salam, 1935; Bozicevich &
Hoyem, 1947; Mayer & Pifano, 1945c).

7. CF test antigens cross-react with Paragonimus
antibody (Chung, Hou & Weng, 1956a; Chaffee &
Nieves, 1957).

8. In the CF test there is a group reaction between
the various species of Schistosoma (Fairley, 1923,
1926a; Williams, 1947).

9. The sensitivity of the CF test with sera from
chronic patients (mainly from Africa) was not as
great as with sera from patients infected for less than
ten years. Schofield (1959) reported an analysis of
144 sera with regard to sensitivity of test in relation
to duration of infection:

Duration of infection
0-3 years
3-10 years
10 years +

Sensitivity of CF test

100%
71%
45%

Fairley (1919b) reported 88.8% positive results
with acute cases and 74.2% with chronic cases.
Minning (1941) could not diagnose six chronic
patients with the CF test. Andrews (1935) in the Far
East reported that her patients were chronic cases
and found only 70% positive. Pellegrino & Freitas
(1961) tested the sera of 216 children 10-15 years of
age and found 88.9% positive, and the sera of 84
adults 20-35 years old and found 82.3% positive.

10. The CF test is not useful for an evaluation of
chemotherapeutic cure. Various workers have
reported negative results 3-47 months after treatment
(Mao, 1958; Sadun, Walton & Yamaki, 1958; Sadun,
Lin & Walton, 1959; Mayer & Pifano, 1945c; Davies
& Eliakim, 1954a, 1954b; Fairley, 1926b, 1927, 1933,
1935; de Meillon & Hollingham, 1958). Pellegrino
(unpublished data) was not able serologically to
evaluate cure by chemotherapy in a study of over
50 treated patients. The main problem in these
studies is the lack of criteria for evaluating chemo-
therapeutic cure.

11. The CF test will not measure the worm
burden in an infected person.

12. After an individual is exposed to cercariae, the
CF test can detect antibody before the appearance
of eggs in the stool (Pifano & Ron, 1957; Lurie,
de Meillon & Stoffberg, 1952; Minning, 1941;
Pellegrino-unpublished data). Because the CF test
detects antibody early in infection, it is sensitive and
reactive with sera from acute infections.

13. The CF test will detect antibodies in peritoneal
and pleural exudates as well as in the blood (Fairley,
1926b; Pifano & Mayer, 1942).

14. Because adult worms are easily obtained, and
simplified techniques for purification of antigens
have been developed, the antigen of choice in the
CF test is a delipidized adult schistosome antigen.
The use of crude saline extracts has limited value.

15. Although it is recognized that the CF test
may be of great value as a diagnostic aid in bilhar-
ziasis, its application in epidemiological surveys and
for evaluation of cure requires further research. It is
possible that in the near future the CF test, after
having been suitably standardized, will represent
the immunological method of choice for the diag-
nosis of bilharziasis.
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TABLE 3
CHRONOLOGICAL LIST OF PAPERS ON THE COMPLEMENT-FIXATION TEST FOR DIAGNOSIS OF BILHARZIASISa

Infected Control
Year Author CF test antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1909 Fujinami & Alcoholic extract of 0/2 First report of CF with serum of 2 calves
Nakamura adults (Sj) infected with Sj.

1910 Hayami & Tanaka Aqueous extract of adults 1/1 Serum of calves tested.(Sj) (100%)

1910 Yoshimoto Alcoholic extract of 11/11 0/19 Human sera; cross-reaction with syphilis
adults (Sj) (100 %) (3/10) (W) (Wassermann) serum.

1912 Tanaka Alcoholic extract of Horses, rats, monkeys, cattle, dogs, mice
adults (Sj). Aqueous tested. Positive results with aqueous extract
extract of adults (Sj) in horses and rats; negative results in mon-

keys, dogs, mice and cattle.

1916 Sueyasu Alcoholic extract of 1j2 Positive serology with horse which under-
adults (Sj) (50 %) went spontaneous recovery two years pre-
Aqueous extract of viously.
adults (Sj)

1919bl Fairley Saline alcohol 32/36 0/44 Alcohol extract more stable than saline ex-
Planorbis boissyi (Sm) (88.8 %) tract. Efficacy of test decreased from 88.8 %
Saline alcohol to 74.2 % (72/97) with chronic patients.
Bulinus contortus (Sh)

1919c| Fairley Saline alcohol Test positive with monkeys infected with Sh
P. boissyi (Sm) and Sm.

1920 Murray Snail Physopsis africana Confirmed Fairley's early work that CF test
(Schistosoma bovis) with is sure.
cholesterol

1921 Cawston Snail P. africana (S. bovis) 7/7 Cross-reacted with sheep infected with F.
(100 %) hepatica.

1921 Hoeppli Alcoholic extract Positive reactions with Sh, Sm, S. bovis.
F. hepatica Nonspecific reactions with leutic sera.

1922 Bettencourt Alcoholic extract 6/23 20/63 (W) Could not confirm Hoeppli's results. High
& Borges F. hepatica (26 %) (31.7 %) rate of non-specific reaction with Was-

sermann sera.

1922 |LeBas |Alcohol;baqueousosnailP. Alcoholic extracts were not efficient. Aque-boissyi (Sm) |ous extracts better. Antigen is protein in
nature.

1923 Tanabe Alcohol extract snail 4/4 Rats infected with Sj.
Lymnae palustris (100 %)
(Schistasomata pathlo-
copticum)

1923 Fairley Alcoholic extract snail Experiments in infected animals.
Planorbis exustus E i
(Schistosoma spindale)

1924 Le Bas Alcoholic extract F. Antigen active with bilharziasis sera but
hepatica also with Wassermann sera.

1924 Shousha Carbol-saline 23/34 2/12 Limited diagnostic value with heterologous
F. hepatica (67.6 %) (16 %) antigens.
Alcoholic extract 32/45 4!20
F. hepatica (71 %) (20 %)

a Sm = S. mansoni; Sj = S. japonicum; Sh = S. haematobium.
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TABLE 3
CHRONOLOGICAL LIST OF PAPERS ON THE COMPLEMENT-FIXATION TEST FOR DIAGNOSIS OF BILHARZIASISa

(continued)

Infected Control
Year Author CF test antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1925 Fairley Alcoholic extract P. Refuted Le Bas's claim of the protein nature
exustus (S. spindale) of antigen and reaffirmed its lipoidal cha-

racter.

1925 Shousha Carbol-saline F. hepatica Same as 1924 paper.
Alcoholic extract F.
hepatica

1926a Fairley Alcoholic extract P. 34/35 Used In study with goats cured of Infection.
exustus (S. spindale) goats 9/10 positive after cure.

(97.1 %/O)

1926b Fairley Alcoholic extract P. 24/26 (Sh) Group character of antigen stressed. Active
exustus (S. spindale) (92.4 %) in diagnosis of Sh, Sm, Sj, S. indicum, S.

spindale and S. bovis.

1926 Turner Alcoholic extract P. Utilizing method of Dale & Laidlow with
exustus (S. spindale) guinea-pig uterus. Reported that Fairley's

l ~~~~~~~antigen had no protein.

1927 Fairley Alcoholic extract P. CF test used with goats cured by chemo-
exustus therapy. Persistence of antibodies noted.

Antigen injected into goats caused rise in
antibodies due to anamnestic effect.

1928 Kellaway I Points out that Turner (1926), by using al-
coholic extracts to sensitize guinea-pig ute-
rus. did not test for protein. Saline-soluble

____ J l lanaphylactic antigens are protein in nature.

1928 lmai 1. Alcoholic extract snail 100 % with adult antigens In CF test. 80%
Blanfordia nosophora Sj with precipitin test.

2. Saline adults Sj
3. Alcoholic adults Sj
4. Normal snail

1928 Miyaji & Imai Saline adult Sj 35/51 0/25 (W) Preferred aqueous to alcoholic extract be-
Alcoholic adult Sj (68.6 %) (3/25) (W) cause 0/25 W with this antigen was obtained.

Alcoholicextractsreactedwithnormalserum.

1930 Fairley & Alcoholic extract P. Infected Antigen is specific; normal snail and snailsJasudasan exustus (S. spindale) goats infected with other cercariae did not reactNormal saline positive in CF test.

1930 Fairley et al. Alcoholic extract P. Detected spontaneous cure in monkeys by
exustus CF antibodies In serum.

1931 Fairley Short note.

1933 Fairley Alcoholic extract P. Antigen useful for human and cattle bilhar-
exustus (S. spindale) ziasis. Reacted with S. matthei, S. bovis and

S. indicum in infected goats.

1935 Fairley Alcoholic extract P. CF antibodies present after treatment and
exustus (S. spindale) cure in goats. Believes due to male infec-

I_____l____l___l______ tion persisting.

1935 Salam Alcoholic adult (S. bovis) 0/10 (Sm) 0/10 Saline extract better than alcohol extract.Saline adults (S. bovis) I 9/10 (Sh) 0/10 Saline extract 2/2 after cure.
___________ (cholesterol added) _ _l

a Sm = S. mansoni; Sj =S. japonicum; Sh = S. haematobium.
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TABLE 3
CHRONOLOGICAL LIST OF PAPERS ON THE COMPLEMENT-FIXATION TEST

(continued)
FOR DIAGNOSIS OF BILHARZIASIS a

Infected Control
Year Author CF test antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1935 Andrews Alcoholic extract snail 26/37 0/12 Antigen is lipo-protein. Tested sera of chro-
Oncomelania hupensis (Sj) (70 %) nic patients.
Alcoholic extract F.
hepatica

1937 Fairley Summary of group reaction of antigens.

1941 Minning Alcoholic extract snail 3/3 Sh 2/97 (W) CF test nonspecific, positive with Wasser-
Australorbisglabratus(Sm) 0/6 Sh (2 %) mann serum. Negative with 6 chronic pa-

chronic tients that were positive by skin test.

1941 Mayer & Pifano Alcoholic extract A. 180/185 Antigen very sensitive.

glabratus (Sm) (97.30 %)

1942 Pifano & Mayer Alcoholic extract A. 180/185 No reactions with normal liver or snail in-
glabratus, normal snail, (97.30 %) fected with other cercariae.
snail infected with other

i___ cercariae

1945cl Mayer & Pifano Alcoholic extract A. 217/238 6/420 CF test more sensitive than ID test. No
glabratus (Sm) (91 %) (1.4%) criterion for cure.

1945 Peres & Pena Eurytrema coelomaticum 5/14 No cross-reaction with syphilitic sera.
!__ i__ (3 .7

1946 Mayer & Pifano Alcoholic extract A. 217/238 Reviewed work of 1941, 1942, 1945. CF re-
glabratus (Sm) (91 %) commended for survey work.

1947 Bozicevich & Saline-cercariae Sm 64/67 Adult antigen was not satisfactory for tests.
Hoyem Saline adult Sj, Sm (95.5%) I

1947 Williams Alcoholic extract P. Antigen active 18 years after preparation.
exustus (S. spindale) A a 1

1947 Dakin & Alcoholic extract P. 164/169 Postulate that any serum which fixes 3 hae-
Connellon exustus (96.5 %) molytic units of complement is positivebyCF.

1949 Martins Snail, A. glabratus 157/194 Prepared polysaccharide antigen fractions
(80.9%) I from snails which was usable in test.

1950 Most et al. Saline cercariae Sm 25/159 CF more prognostic than diagnostic.
(15.7 %)
79/112____ (71 %)

1950 Coutinho & 1. Alcoholic extract 696/722 0174 Antigen sensitive. Serum from animals in-
Coutinho A. glabratus fected with Chagas' disease, syphilis, le-

2. Snail liver treated (96.4 %) prosy and other helminth infections was
with sulfuric acid negative by CF test.

1951 Bozicevich Review: cercarial antigen best in CF test;
adult antigeh not as satisfactory.

1951 Fairley

1952 Lurie et al. Cercariae S. bovis 3/3

I
Sm = S. mansoni; Si = S. japonicum; Sh = S. haematobium.

Review: CF test slightly superior to ID test
in diagnosis; S. spindale antigen stable after
26 years of use.

CF test useful for diagnosis of early infec-
tion. Positive results 1.5-6.5 weeks after
exposure.
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TABLE 3
CHRONOLOGICAL LIST OF PAPERS ON THE COMPLEMENT-FIXATION TEST

(continued)
FOR DIAGNOSIS OF BILHARZIASIS a

Year Author CF test antigen
Infected Control

No. pos./ No. pos./
No. tested No. tested

1952ai Coutinho Snail, A. glabratus antigen 813/844 Test very sensitive in diagnosis of Sm. Com-
(96.4 %) prehensive review of literature.

1953 Okabe & Coca's adult Sj 16/32 Used in survey (quoted by Matsuse, 1956).
Yamaguchi (50 %)

1953 Davies et al. Alcoholic A. glabratus 13/24 (54.2 %) Between CF test and ID test all positive
Coca's adult Sm 51/59 (86.5 %)! cases were diagnosed.
Coca's F. hepatica

1953 Davies & Eliakim Same as Davies et al. (1953).

1954al Eliakim & Davies Epidemiological study.

1954bl Eliakim & Davies Coca's Antigen for CF test can be extracted byAlcohol-ether a S 8 alcohol and Coca's solution. Solubility sug-Acetone adult Sm 83 % gests " lipo-protein " complex. Coca's ex-
Formamide tract contains polysaccharide. Formamide
F. hepatica antigen was not acting in CF test. Lipid

antigen of F. hepatica not effective. Recom-
I I 1mend Coca's extract.

1954a! Davies & Eliakim Alcoholic extract A. CF test is more sensitive than rectal biopsy
glabratus 54 % and egg hatching.
Coca's adult Sm 86.5 %
Coca's F. hepatica 0

1954 Chaffee et al. Saline, adult Sm 96198 0/78 Antigen previously treated with anhydrous
(98.4 %) 9/28 (W) ether does not cross-react with W sera.

l___________________________________________ l I(32.1 %) CF test positive years after treatment.

1954 Horstman et al. Saline. adult Sm 49/53 Purified antigen effective in diagnosis of Sm.
(Chaffee's antigen) (92.5 %)

1955 Ron & Pifano I 368/497
(74 %)

1955al Weng et al. Liver-ova antigen Sj Use of liver-ova antigen in China. Quoted
by Chung et al. (1956b).

1955b1 Weng et al. Liver-ova antigen Si Quoted by Chung et al. (1956b).

1955 Eliakim & Davies Adults Sm in Coca's Extraction of antigens at37°C best. Antigens
potent for 5-6 months when lyophilized.
Soluble antigens lose potency in 40 days.

1955 Ch'en & Su Liver-ova antigen Quoted by Chung et al. (1956b).

1956ai Chung et al. Paragonimus antigen Cross-reactions obtained with sera from
bilharziasis cases.

1956b1 Chung et al. 1. Saline extract of liver 114/126 2/4 Antigen used in ID and CFtest. Adultanti-
ova antigen Sj (90.4 %) (P) gen slightly more sensitive but availability

2. Adult Sj of former makes it useful. 2/4 sera cross-
reacted with Paragonimus patients.

1956 Okabe & Sj adult 7/45 (15.5%) Cattle tested; both antigens useful.Fukuyama F. hepatica 8/45 (17.7%)
1956a1 Lietal. AdultSii Clinical use of test with adult worm antigen.

a Sm = S. mansoni; Si = S. japonicum.

Remarks
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TABLE 3
THE COMPLEMENT-FIXATION TEST FOR DIAGNOSIS OF BILHARZIASISa(

(concluded)
Infected Control

Year Author CFtest antigen No. pos./ No. pos./ Remarks
No. tested No. tested

1956 Yokogawa& CF test in Japan
Awano

1956a Weng et al. "Liver-ova antigen" Quoted by Chung et al. (1956b).

1956 Ch'en "Clinical application of CF test in schisto-
somiasis

1957 Chaffee & Nieves Saline extract adult Sm 2/69 Antigen specific; 2/69 were from endemic
0/39 area but believed to be free of bilharziasis;
2/8 2/8 cross-react with Paragonimus patients.

1957 Naimark et al. Cercariae Sm Studies in experimental infections in mon-
keys.

1957 Schneider & Extract adult worms Sm 414 Fractionated antigen which appears to7be
Radke sensitive and specific for diagnosis. Cross-

reacts with several normal rabbit sera.

1958 Minning et al. Metabolic product of Metabolic products antigen useful in CF
adult Sm test (preliminary trial).

1958 Newsome Egg extract Sm Preliminary results indicate antigen may be
species specific in CF test.

1958 de Meillon & Cercarial extract Sm 18/18 CF test not useful for evaluation of cure for
Hollingham at least 40 months after treatment.

1958 Mao 237/248 Review: excellent results obtained with mo-
(95.6 %) dified CF test; with normal CF test, 65-84 %

________________________________________________ Ipositive.

1958 Sleeman et al. Fractionated antigen of CF antigen is " conjugated protein " resis-
adult Sm tant to pepsin and trypsin.

1959 Schofield Alcoholic extract S. 75.7 % Evaluation and review. Duration of infection
spindale has direct bearing on sensitivity of CF test.

After 10 years of infection, test is 45 % spe-
cific; before 10 years, 82 % specific.

1959 Sadun et al. Chaffee's extract adult Sj, Melcher's antigen is very sensitive in CFborate buffer Sj, test. 44 %, patients cured have negative CFacid soluble-Melcher Sj, tests. Negative CF test observed with pa-acid insoluble-Melcher Sj tients passing eggs.

1959 Ridley Discusses difficulty in obtaining satisfact-
ory antigen. Cercariae contaminated with
snail faeces are good antigen. Believes
washing antigen destroys antigenicity. An-
tigen of ova and miracidia may be species-

l_____________________ | specific.

1960 Sleeman Adult Sm purified 113/126 01103 Highly specific CF antigen made by purify-fractions ing adult worms.

1961 Pellegrino & Chaffee extract adult Sm 192/196 0/200 Quantitative technique. Antigen very stableFreitas children and specific.
75/84 adults

___

a Sm = S. mansoni; Sl = S. japonicum.
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TABLE 4
RESULTS OBTAINED WITH COMPLEMENT-FIXATION TEST ANTIGENS IN THE MAJOR ENDEMIC AREAS

LIVER-OVA ANTIGEN

Chung et al. (1956b)
Mao (1958)

90.4

95.6

SNAIL HEPATOPANCREAS ANTIGEN
Fairley (1919b) 74-88 Pifano & Mayer (1942) 97.3 Tanabe (1923) 100
Fairley (1926) 92.4 Mayer & Pifano (1945c) 91 Andrews (1935) 70
Mlnning (1941) 33 Coutinho & Coutinho (1950) 96.4 Dakin & Connellon (1947) 96.5
Davies & Eliakim (1934a) 54.2 Martins (1949) 80.9
Schofield (1959) 75.7

CERCARIAL
Lurie et al. (1952) 100 Bozicevich & Hoyem (1947) 95.5
de Meillon & Hollingham (1958) 100

ADULT
Eliakim & Davies (1954b) 83-86 Chaffee et al. (1954) 98.4 Yoshimoto (1910) 100

Horstman et al. (1954) 92.5 Miyaji & Imai (1928) 68
Ron & Pifano (1955) 78 Dakin & Connellon (1947) 96.5
Pellegrino & Freitas (1961) 89 Okabe & Yamaguchi (1953) 50

Mao (1958) 95.6

Sadun et al. (1959) 95

HETEROLOGOUS ANTIGEN
Bettencourt & Borges (1922) 26 Peres & Pena (1945) 37 Andrews (1935) 70(Fasciola hepatica) (Eurytrema coelomaticum) (F. hepatica)
Shousha (1924) (F. hepatica) 67-71

Salam (1935) (Schistosoma bovis) 90

Eliakim & Davies (1954b) 50
(F. hepatica)

aSm = S. mansoni; Sj = S. japonkcum; Sh = S. haematobium.

COMPLEMENT-FIXATION TEST ANTIGENS

Types of antigens
Numerous antigens varying in composition,

origin, and method of preparation have been used
or suggested for use in the diagnosis of bilharziasis
by the CF test. These antigens can be grouped as
follows:

(a) Antigens prepared with the hepatopancreas of
snails. Aqueous and alcoholic extracts of infected
hepatopancreas, particularly alcoholic extracts, have
been extensively used since Fairley (1919b) advocated
their use in the diagnosis of bilharziasis. Antigens
similar to those of Fairley were adopted by Coutinho
(1951, 1952a), Coutinho & Coutinho (1950), Davies
& Eliakim (1954a), Martins (1949), Mayer& Pifano

643

I



1. G. KAGAN & J. PELLEGRINO

(1941, 1945c, 1946), Minning (1941), Ron & Pifano
(1955), Pifano & Mayer (1942) for the diagnosis of
S. mansoni. Tanabe (1923), Andrews (1935), and
Dakin & Connellon (1947) have employed snail
antigens for the diagnosis of S. japonicum.
The anticomplementary potency of alcoholic

extracts of infected hepatopancreas is generally low
and is not evident in dilutions above 1: 10. In
certain cases, however, anticomplementary activity
may be greater, and in these instances Mayer &
Pifano (1945c) advise against their use. Coutinho
(1952a) observed that the addition of 1% cholesterol
did not increase the fixing power of his antigen and
gave rise to cross-reactions with syphilitic serum.
The stability of alcoholic extracts of infected hepato-
pancreas of snails is high. Fairley (1951) reports the
use of an antigen 25 years after its preparation
without any change in its original titre. Mayer &
Pifano (1945c) and Minning (1941) did not find any
evidence of fixing power in alcohol extracts prepared
with the hepatopancreas of uninfected snails.

(b) Antigens derivedfrom cercariae. So far as we
have been able to discover, only antigens prepared
with cercariae from snails infected with S. mansoni
have been used for the diagnosis of S. japonicum
infection (Bozicevich & Hoyem, 1947; Wright et al.,
1947). In the opinion of these workers, the cercarial
antigens are better than antigens extracted from
adult schistosomes. Adult antigens were not very
stable and had a pronounced anticomplementary
action, whereas cercarial extracts were more anti-
genic and did not show anticomplementary pro-
perties. Working with serum from patients with S.
mansoni infection, Pellegrino (unpublished data) did
not find cercarial antigen superior to adult-worm anti-
gen. Naimark et al. (1957) stated that they performed
CF tests with cercarial antigens on sera from monkeys
experimentally infected with S. mansoni. Lurie, de
Meillon & Stoffberg (1952) and de Meillon &
Hollingham (1958) also used cercarial antigens for
the diagnosis of S. haematobium in Africa.

(c) Adult schistosome antigens. The first reported
attempts to use adult schistosome antigen for the
diagnosis of S. mansoni infection by the CF test were
unsuccessful (Fairley, 1919b). Coutinho (1952a)
also reported that extracts of adult worms (S. man-
soni) were without any specific fixing power.

In a series of publications, Davies and Eliakim
(Davies & Eliakim, 1954a, 1955; Eliakim & Davies,
1954b, 1955) showed that adult schistosome extracts
in Coca's solution can be successfully used in the

CF test and that they remain stable for a month
when kept in the refrigerator. These investigators
(Eliakim & Davies, 1955) recommend keeping the
schistosomes lyophilized in ampoules so that the
antigen can be prepared when necessary. The tech-
nique for preparation of this antigen is given below.

Chaffee, Bauman & Shapilo (1954) showed that
the treatment of adult schistosomes (S. mansoni)
with anhydrous ether at a low temperature was
necessary to remove substances responsible for
nonspecific fixation with syphilitic serum. The
factors linked with specific fixation are then easily
extracted in buffered saline solution. This prelimi-
nary treatment with anhydrous ether was absolutely
necessary when the CF test was carried out using
quantitative standardized material. The authors
advised that the antigen be stored at -20°C or,
preferably, in lyophilized form. Using the Chaffee,
Bauman & Shapilo technique (described below),
with the addition of 1: 5000 of thiomersal as pre-
servative, it was found that the antigen could be kept
in the refrigerator for many months without any
appreciable decrease in fixing power (Pellegrino
& Freitas, 1961). Japanese, American, and
Australian workers have used the CF test for the
diagnosis of infection with both S. japonicum and
S. mansoni (Table 3).
Sleeman (1960) isolated a specific complement-

fixing antigen from adult S. mansoni following an
initial extraction with sodium desoxycholate solution.
The antigen was fractionated by ethanol under con-
ditions of carefully controlled pH and ionic strength
and precipitated by calcium.

(d) Antigen prepared from the hepatopancreas oJ
snails infected with the larvalforms ofS. haematobium
and S. spindale. In his earliest work, Fairley (1919b,
1919c) showed that antigens prepared from the
hepatopancreas of B. truncatus infected with
S. haematobium could be used for the diagnosis
S. mansoni infection. This was also true when
alcoholic extracts of the hepatopancreas of P. exus-
tus infected with S. spindale were used as antigen
(Fairley & Williams, 1927).

(e) Antigen of S. bovis. Salam (1935) obtained
satisfactory results using saline extract of S. bovis
(adult schistosomes) as antigen.

(f) Extracts of F. hepatica. Positive results in
cases of S. mansoni infection were reported by
Le Bas (1924) and Hoeppli (1921, 1922). Davies &
Eliakim (1954a) and Bettencourt&Borges (1922) did
not find any fixing activity using an aqueous or
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alcoholic extract of the parasite mentioned. Andrews
(1935) used this antigen in the Orient with little
success.

(g) Antigen of E. coelomaticum. A saline extract
of this trematode, preserved with 1: 10 000 thio-
mersal, was used by Peres & Pena (1945) in the CF
test on 14 individuals with parasitologically con-
firmed S. mansoni infection; positive results were
obtained in 12 cases.

(h) Liver-ova antigen. Chung, Weng & Li (1956b)
reported the use of a " liver-ova " antigen prepared
from livers of rabbits experimentally infected with
S. japonicum. The workers reported that a huge
quantity of antigen suitable for use in the CF test
and in the intradermal test can be prepared in this
manner. They claim the sensitivity of this antigen to
be high, giving diagnosis on 90.4% of the sera tested.

Nature and properties of antigens
The chemical nature of the antigenic fraction or

fractions responsible for specific fixation is not
known with certainty. Fairley (1919b) extracted
infected snails with alcohol and referred to this
antigen as " lipoid " in nature, claiming that it has no
traces of protein. This interpretation was also
espoused by Martins (1949). Le Bas (1922) found
that absolute alcohol extracts were inactive, whereas
diluted alcohol antigens were active. She believed
that the active moiety was being carried in the saline
fraction of the alcohol, which was "protein" in
nature. Fairley (1925, 1927) defended the " lipoid "
nature of his antigens vigorously. Andrews (1935)
referred to her antigens as " lipo-proteins." Eliakim
& Davies (1954b) reported that the active fractions in
their antigens were soluble in both saline and
alcohol and insoluble in acetone and ether, and
therefore also believed they were working with
" lipo-proteins ". Analysis of a Coca's extract
(phenol-carbonate saline) revealed the presence of
anthrone-positive polysaccharide material. Extrac-
tion of schistosome antigens with formamide led to
an inactive product. Schneider, Radke, & Coleman
(1956) analysed a non-dialysable, chemically com-

plex, heat-stable fraction of adult S. mansoni by
spectrophotom-try and obtained strong absorption
at 258 m,u. They therefore believed they had a poly-
nucleatide moiety in the extract. Reactions with
sulfuric acid and sulphydryl reagent indicated a

carbohydrate with possibly two monosaccharide
residues. Matsuse (1956) refers to a lipo-protein
extracted from the liver of infected rabbits as being
antigenic and quite specific for bilharziasis. Sleeman

(1960) believes his antigen to be a protein-lipoid
complex in the ratio of 2.5 :1. It is evident that more
precise immunochemical investigations are necessary
in order to determine the chemical character of
various active schistosome antigens.

In the CF test the choice of antigen is an important
variable. In view of the ease of obtaining adult
schistosomes and cercariae in a high state of purity,
the use of hepatopancreas extracts or heterologous
antigens is no longer justified. Adult schistosome
extracts have been employed with highly satisfactory
results. It is clear that the choice of antigen also
depends on the technique adopted. Generally
speaking, more sensitive techniques require more
highly purified antigens so as to avoid cross-reactions
or false positive tests due to nonspecific activity of the
antigen. We give below a description of two methods
for preparing adult schistosome antigens. The first,
that of Davies & Eliakim (1954a), can be used in less
sensitive methods, in which titration of the comple-
ment is carried out in units corresponding to 100%
haemolysis; the second (Chaffee, Bauman & Shapilo,
1954) is recommended for quantitative tests.

Davies & Eliakim (1954a) technique for preparation
of adult schistosome antigen

1. Add 100 mg of dry, finely powdered adult
schistosomes to 10 ml of Coca's solution (sodium
chloride: 0.5 g; sodium bicarbonate: 0.05 g; distilled
water: 100 ml) with addition of 0.4% phenol.

2. Leave the suspension at 37°C for one hour,
stirring every 10 minutes, and then leave at 28°C
until the following day.

3. Centrifuge at 1000 g for 20 minutes. The
supernatant liquid represents the 1: 100 stock solu-
tion of antigen. If stored in the refrigerator, this
extract may be used for one month.
To store satisfactorily for longer periods, freeze-

dry the adult schistosomes and vacuum-seal them
in ampoules. Antigen can then be prepared as
needed.

Chaffee, Bauman & Shapilo (1954) technique for
preparation of adult schistosome antigen

1. Place 100 mg of dried adult schistosomes in a
tissue grinder connected to an electric motor and
add 10 ml of chilled anhydrous ether. To avoid
denaturation of the proteins, this operation should
be carried out at a low temperature; in order to do
this, both the grinder and the ether should be
previously cooled to -20°C.
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2. Homogenize the suspension for 10 minutes
while keeping the apparatus in a calcium chloride
ice-bath (-15 to - 18°C).

3. Transfer the suspension of ground-up worms
in ether to a centrifuge tube which has been previ-
ously cooled, and place temporarily in the refrige-
rator (3°-60C).

4. To the small residue of worms in the grinder,
add 5 ml of anhydrous ether at - 20°C and again
connect with the motor for two minutes. This
second suspension is mixed with the first, so as to
give a total volume of 15 ml.

5. Centrifuge the suspension in a refrigerated
centrifuge (30-6°C) at 850 g for 30 minutes.

6. Rapidly decant and evaporate off the remaining
ether by means of a Richard pump.

7. Transfer the final residue, quantitatively, into
the grinder, using for this purpose 10 ml of Veronal
buffer (sodium chloride: 83.8 g; sodium bicarbonate:
2.52 g; diethylbarbiturate sodium: 3.0 g; diethyl-
barbituric acid: 4.60 g; distilled water: 2000 ml;
final pH = 7.3-7.4).

8. Homogenize the suspension for 10 minutes at
room temperature. Add another 5 ml of Veronal
buffer to the grinder and run the motor for a further
two minutes. This volume of 5 ml is then mixed
with the 10 ml previously obtained.

9. Leave the final suspension in the refrigerator
for four hours.

10. Centrifuge at 850 g for 30 minutes in the
refrigerated centrifuge (3°-6°C). Carefully transfer
the supernatant liquid, which is opalescent, to a
beaker.

11. Dispense the antigen into glass ampoules
(1 ml in each) and freeze-dry. Seal the ampoules
under vacuum and keep them at -20°C. When
necessary, the material is rehydrated with 1 ml of
distilled water.

If there are no facilities for freeze-drying, the
antigen can be dispensed in haemolysis tubes
sealed with waxed corks and stored at -20°C.

TECHNIQUE OF COMPLEMENT-FIXATION TEST

Analysis of the literature on the complement-
fixation test in the diagnosis of bilharziasis indicates
that many techniques or variations have been used
by various workers in this field. Generally speaking,
there has been a tendency, already apparent in the
pioneer work of Fairley, to make the CF test
quantitative in nature by measuring the amount of

complement fixed by an individual serum not only
for diagnosis but also to measure the reactivity of
the sera. From the beginning the possibility was
recognized that the CF test might be usable for a
laboratory evaluation of cure (Fairley, 1919b, 1919c).
Nevertheless, this aspect, although touched on by
various authors, has not yet been properly investi-
gated owing to the lack of sensitive methods for
confirmation of cure, together with the defective
nature of the methods used for standardization of
the components of the test and for measuring the
reactivity of the sera.

Bozicevich & Hoyem (1947) and Chaffee, Bau-
man & Shapilo (1954) have been using complement-
fixation techniques whose effectiveness has repeat-
edly been proven in infections caused by bacteria,
viruses and rickettsia, and in parasitic diseases other
than bilharziasis (Bozicevich, Hoyem & Walston,
1946; Freitas & Almeida, 1949; Nussenzweig, 1958).
The components used in the CF test are standardized
in order to make the test sensitive and specific, as
well as to achieve reproducible results. Thus, in the
technique adopted by Chaffee, Bauman & Shapilo
(1954), complement is standardized in units corre-
sponding to 50% haemolysis (C'H50); sheep red
cells are sensitized so that an increase in the concen-
tration of amboceptor cannot cause any appreciable
increase in haemolysis (maximum sensitization);
and antigen is titrated and used in a dilution that
gives detection of the smallest specific antibody
concentration. The authors mentioned here have
not used the standardization adopted for quanti-
tative techniques, nor have they investigated the
problem of measuring the reactivity or titre of the
sera.

Pellegrino & Freitas (1961) obtained relatively high
titres (values above 100 in 20% of the sera tested) by
performing quantitative fixation tests and employing
an antigen similar to the one described by Chaffee,
Bauman & Shapilo (1954), on sera from bilharziasis
patients. The degree of reactivity of each serum was
measured by the formula

T=D K'SA
Kxs

(Wadsworth, 1947), in which D represents the serum
dilution corresponding to the tube with partial
haemolysis, K'SA is the amount of complement
necessary to produce 50% haemolysis in the presence
of serum and antigen, and K's is equal to the amount
of complement necessary to produce 50% haemolysis
in the presence of serum.
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In this paper, we shall not go into a detailed discus-
sion of the technique involved in carrying out the
quantitative complement-fixation test since there are
many publications on this specialized subject
(Wadsworth, 1947). We are cognizant of the fact
that in many laboratories different techniques for
performing the CF test are used. We believe the CF
test using 50% haemolysis as an end-point is superior
to other methods for performing the test. Moreover,
this technique may be used quantitatively to de-
termine the titre of the serum.

SENSITIVITY AND SPECIFICITY

The diversity of techniques and antigens used in
the CF test for the diagnosis of bilharziasis makes it
extremely difficult to compare the results obtained by
various workers. Table 4 shows that the sensitivity
of the test, when an antigen derived from the hepato-
pancreas of infected snails or one from adult schisto-
somes is used, is sufficiently high to justify including
the test in the routine diagnosis of bilharziasis. When
antigen of the adult worm previously treated with
anhydrous ether is used and the quantitative tech-
nique is applied, the results are particularly favour-
able (Chaffee, Bauman & Shapilo, 1954; Horstman,
Chaffee & Bauman, 1954; Pellegrino & Freitas,
1961).
From the earliest work of Fairley, it has been

known that the appearance of complement-fixing
antibody in the course of bilharzial infection occurs
at an early stage in the disease (Fairley, 1919c).
Pifano & Mayer (1942) were able to carry out CF
tests on three patients during the invasive period of
the disease, and reported positive results by the third
week of infection, before eggs had appeared in the
faeces. In 10 persons with bilharziasis, the test
remained positive during the acute stage of the
disease and in those of the group with advanced
hepatosplenomegaly and ascites the reaction was
always positive, both with serum and with ascitic
fluid (Pifano & Mayer, 1942).

Neglecting the group reactions which occur in
infections produced by schistosomes that parasitize
man (Chaffee, Bauman & Shapilo, 1954; Fairley,
1919b; Minning, 1941; WHO Expert Committee on
Bilharziasis, 1953), the CF test can be considered
highly specific in this disease. The main element of
nonspecificity, particularly when alcoholic extracts
are used, has been the occurrence of cross-reactions
with syphilitic serum. This phenomenon, already
referred to by Japanese workers (Yoshimoto, 1910;
Miyaji & Imai, 1928) was amply confirmed by all

those who used alcoholic antigens from infected
snail hepatopancreas (Coutinho, 1952a; Fairley,
1925, 1926a; Mayer and Pifano, 1945c; Minning,
1941). According to Le Bas (1924), alcohol extracts
of various snails and helminths may contain the
Wassermann antigen, which could explain the cross-
reactions with syphilitic serum. In order to avoid
false-positive reactions, Fairley (1925, 1926a) re-
commended the use of intensely infected hepato-
pancreas of snails extracted with dilute alcohol to
decrease the final lipid content. According to
Mayer & Pifano (1945c), the same result can be
obtained simply by dilution of the antigen.

Recently, Chaffee, Bauman & Shapilo (1954)
showed that preliminary treatment of dried extract
of adult schistosomes (S. mansoni) with anhydrous
ether at a low temperature will remove the fraction
responsible for complement-fixation with syphilitic
serum. The use of other solvents, such as benzene,
absolute alcohol or anaesthetic ether, did not give
satisfactory results. These authors report that the
CF test with purified antigen was positive with the
serum of a patient infected with Trichinella spiralis.
The test was weakly positive in the fourth and
seventh weeks of the disease but became negative in
the tenth week. Tests with healthy subjects and
syphilitics were always negative. Cross-reactions
were observed with the sera of patients infected with
Paragonimus westermani (Chaffee & Nieves, 1957).
Recent studies by Sleeman (1960) indicate that his
purified adult antigen was very specific, showing
negative results in cases of paragonimiasis and
syphilis.

AGREEMENT BETWEEN COMPLEMENT-FIXATION TEST
AND INTRADERMAL TEST

Workers who have carried out these two diagnostic
tests simultaneously on patients with bilharziasis or
on groups of persons living in endemic areas have
found a marked agreement between the results,
particularly in cases confirmed parasitologically.
With 322 subjects on whom Martins (1949) per-

formed both the skin test and the CF test, results
were in agreement for 217 (67.3 %). Parasitological
examination showed that 194 of the 322 individuals
were infected with bilharziasis. Among these 194,
the intradermal test alone identified 175 cases, or
90.1 % (76.2 % agreement with results of the stool
examinations), and the CF test, using a hepato-
pancreas extract of infected snails as antigen, iden-
tified 157, or 80.9 %. At least one of the two tests
was positive in 188 individuals (96.9%).
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Horstman, Chaffee & Bauman (1954) used, in
conjunction with stool examination, the skin test and
the CF test, with an antigen from the adult worm
(S. mansoni), on 276 soldiers stationed in Puerto
Rico. Of 53 cases positive by stool examination, both
tests were positive on 49 subjects (92.5 %). In the
223 remaining soldiers, the two tests gave concor-
dant results in 82.1 % of cases.

Pellegrino, Rezende et al. (1959) reported the use
of both of these serological tests for bilharziasis in
234 children. The CF test showed 66.7% of the
children positive. The intradermal test, performed
on the back, was positive for 58.97% and doubtful
for an additional 8.98 %. Parasitological -tests
showed that all in the doubtful category were
actually infected. This gave a total positive rate of
67.95 %, which was in very close agreement with the
rate obtained by complement fixation. In inter-
preting the skin test, wheals with an area of 1.2 cm2
or larger were considered as positive and those with
an area of 1.0 to 1.1 cm2 as doubtful. Subsequent
work (Kagan, Pellegrino & Memoria, 1961) indicates
that in epidemiological studies, using the intradermal
test performed on the backs of children, a wheal area
of 1.0 cm2 or greater can be considered positive.
The simultaneous use of the CF test and the intra-

dermal test for bilharziasis is of great practical
interest. In adults, it is possible in this way to detect
almost all cases of infection with Schistosoma
(Pellegrino, Rezende et al. 1959).

VALUE OF COMPLEMENT-FIXATION TEST

The high sensitivity and marked specificity of the
CF test, especially when carried out by the quantita-
tive method and with suitable antigen, gives this test
an important place among immunological methods
for bilharziasis diagnosis. The test becomes positive
early in the course of the disease, remains positive in
a high percentage of cases during the acute period,
and is positive in the more advanced chronic stages.
As was noted in connexion with the skin test, a

positive CF test result in a clinically suspect case with
a negative stool examination justifies repetition of
the parasitological test or the performance of a rectal
biopsy in order to reach a conclusive diagnosis. A
positive CF test by itself is insufficient to confirm an
etiological diagnosis or to decide whether the infec-
tion is active.
A review of the literature concerning the CF test

for diagnosis of bilharziasis is presented in tabular

form (Table 3), and results obtained with the various
antigens are also shown (Table 4).

ASPECTS REQUIRING FURTHER STUDY

1. The value of the CF test in epidemiological
surveys or in screening large population groups
should be assessed. At the Instituto Nacional de
Endemias Rurais, Belo Horizonte, Brazil, when used
with more than 40 000 blood samples obtained from
schoolchildren living in endemic and non-endemic
areas, this diagnostic method proved very useful for
epidemiological surveys.

2. The behaviour of the CF test in patients under-
going treatment requires further study. In his early
work, Fairley (1919b, 1919c) suggested that results
of this test might be used as the criteria of cure for
bilharziasis. Mayer & Pifano (1945c), reporting on
163 treated patients, found that the test became
negative in approximately 30% of cases after two
series of treatment with antimony and potassium
tartrate (tartar emetic). Standardization of the test
on a quantitative basis would certainly make a
decisive contribution in this area.

3. Additional studies should be made to determine
whether the sensitivity of the CF test varies with age
and sex, with particular attention to its reliability in
young children.

4. Antigens proved satisfactory for the CF test
should be evaluated in the various endemic areas of
the world. For this purpose, aliquots for trial should
be distributed widely among laboratories that per-
form the test, and particular attention should be
given to their sensitivity and specificity. Some
workers have reported that the test is less sensitive
with S.japonicum infection than with S. haematobium
or S. mansoni infection.

5. Quantitative CF test procedures, preferably
using 50% haemolysis, should be employed in
titration of sera.

6. Purified cercarial, egg, and metabolic antigens
for the CF test should be evaluated for sensitivity
and specificity.

7. The CF test as a technique for determining
chemotherapeutic cure by measuring antigen in
urine and other body fluids should be evaluated.

8. Micromethods for performing the CF test in
epidemiological field surveys should be investigated
for sensitivity and practicability.

9. The efficiency of the test in detecting infections
in acute and chronic patients should be evaluated.
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PRECIPITIN TEST

In the past, the precipitin test has had limited
application for the diagnosis of bilharziasis. In 1928,
Taliaferro, Hoffman & Cook studied the behaviour of
various antigens in this test and selected, as the
one giving the best results, an aqueous extract of
delipidized powdered hepatopancreas of infected
snails. Twenty positive titrations using the ring test
were made with eight sera from patients infected
with S. mansoni. Negative tests were obtained with
four sera from individuals who had a negative
Wassermann test and were free from bilharziasis, but
cross-reactions occurred with syphilitic sera. Miyaji
& Imai (1928) used an aqueous extract of adult
schistosomes (S. japonicum) and obtained positives
in eight of 14 patients (57.1 %) with S. japonicum
infection.

Oliver-Gonzalez & Pratt (1944) achieved satis-
factory results with saline extracts of adult schisto-
somes (S. mansoni) and cercariae as antigens,
Testing 86 patients with S. mansoni eggs present in
the faeces, 80 (93 %) were positive with both antigens,
and titres ranged from 1: 400 to 1: 3200. Sera from
10 normal individuals were negative. According to
these investigators, treatment of the patients did not
change the reactions.

Martins (1949) tested the sera of 29 patients with
bilharziasis by means of the ring test, using a poly-
saccharide fraction isolated from the hepatopancreas
of infected snails (S. mansoni) and obtained 72.4%
positive. This antigen proved superior to the antigen
recommended by Taliaferro (43.3 % positive results).
Recent studies were made by Okabe et al. (1954) with
the precipitin test for S. japonicum infection.

Experimental studies by Matsuse (1956) in Japan,
by Oliver-Gonzalez, Bauman & Benenson (1955a) in
Puerto Rico, and by Chinese workers (Mao, 1958)
indicate that the precipitin test is more reliable in
acute infections than in chronic cases.
A valuable application of the precipitin technique

is in agar diffusion. D. M. Levine (in an unpublished
thesis-1958) found that analysis of antigens by this
technique is very helpful, particularly in studies on
purification of antigens and investigations on the
active fractions in immunological tests.

TECHNIQUE OF PRECIPITIN TEST
(Oliver-Gonzalez & Pratt, 1944)

1. The antigens are prepared from adult schisto-
somes or dried cercariae (S. mansoni). A 1 % suspen-

sion of the dried material in sterile normal saline
is left in the incubator at 37°C for one hour, then at
room temperature until the following day. The
suspension is centrifuged and the supernatant fluid
used as antigen (1: 100 stock solution).

2. Using small tubes, successive dilutions of the
antigen in normal saline, starting with the stock
solution, are made in 0.5-ml amounts per tube.

3. To each tube, 0.5 ml of the serum to be exa-
mined is added and mixed well.

4. The tubes are placed in a water-bath at 37°C
for one hour and then in the refrigerator (6°C) until
the following day.

5. The tubes are examined macroscopically and
the titre is the greatest dilution of antigen in which a
precipitate has formed.
The ring test is a useful and widely employed

precipitin test. Usually, tubes 3-6 mm (internal
diameter) or smaller are used and serum is carefully
overlaid with antigen. If the test is positive, within
a period varying from 30 minutes to several hours a
ring of precipitate will form at the interphase of
serum and antigen.

SUMMARY OF FEATURES

Precipitins play an important role in helminth
immunology (Taliaferro, 1943; Kagan, 1958) and
their employment in diagnosis is becoming increas-
ingly important. Review of the papers mentioned
in Table 5 points up the following facts concerning
the precipitin test:

1. Crude saline extracts will cross-react with
syphilitic serum.

2. Saline extracts are superior to alcoholic extracts
as antigens.

3. The test is more sensitive in early infection than
in chronic infections (Oliver-Gonzalez, Bauman
& Benenson, 1955a; Matsuse, 1956; Mao, 1958;
Gancarz, 1958).

4. Reactions are obtained at lower titres with
normal sera than with sera from infected individuals
(Okabe & Yamaguchi, 1953).

5. In evaluating the effectiveness of chemotherapy,
the test will afford detection of antigen in urine
(Okabe & Tanaka, 1958; Okabe, Shimomura &
Tanaka, 1959) but has not been found effective with
serum (Gancarz, 1958).
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CHRONOLOGICAL LIST OF PAPERS ON THE
TABLE 5

PRECIPITIN TEST (PT) FOR DIAGNOSIS OF BILHARZIASISa

iInfected Control

Author

I mai

Miyaji & Imai

Taliaferro et al.

Antigen

1. Saline, adult Sj
2. Alcoholic, adult Sj
3. Alcoholic, snail

Onchomelania noso-
phora

4. Normal snail

Saline, adult male Sj
Alcoholic, adult male

1. Infected snail liver
A. glabratus

2. Normal snail livers

1944 Oliver-Gonzalez 1: 100 saline extract
& Pratt cercariae Sm

Coca's extract adult
worms

No. pos.l No. pos./
lo. tested No. tested

10114 6/16
(71 %) (37 %)

8/16
(50 %)

Wassermann

0,10

Remarks

Obtained 50 % results with PT No. 1 antigen
and 100 % with CF test with this antigen.

Saline extract superior to alcoholic extract.
6/16 in endemic area: no eggs in faeces.

Many false-positive tests obtained. Reac-
tive portion found in albumens. Pseudo-
positives with Wassermann sera high;
reduced by pretreating cercarial powder
with ether.

PT with infected monkeys was not satis-
factory.

Sensitivity of PT determined.

With 19 acute cases, a titre of 1: 800-
1: 6 400 was obtained; 23 chronic cases
1: 100-1: 4 000; 8 normal individuals to
1: 400. Positive serum must show 1: 800+
to be diagnosed as infected with schisto-

_ somes.

1955a Oliver-Gonzalez, Adult Sm (a)3/7 (42.8%) (a) and (c) recently infected, (b) and (d)
Bauman & Cercariae Sm (b)10/49(20.4%) chronic infected (10 years +). PT not
Benenson (c)7/7 (100 %) effective in chronic patients; specific for

I i(d)9/49(18.4%) adults.

1956 Mao et al. PT positive 9-25 days in rabbits infected
with 1 000 cercariae Si.

1956 Matsuse Adult PT more reliable in acute cases, not as
Cercariae reliable in chronic cases. Antigenic factor,
Snail liver metabolic secretions of worms.
Egg nodules m

1957 Mao Review: CHR and PT useful in early diag-
nosis of disease.

1958 Gancarz PT diagnostic in rabbits 4-9 weeks after in-
fection. Test positive 16 weeks after cure.
PT on serum not useful for chemothera-
peutic cure.

1958 Okabe & Tanaka 1:100 Coca's extract 22!22 Antigen in serum 1: 800-1: 3 200; antigen
adult worms in urine 1: 4-1: 16. Antigen in urine disap-

pears in 70 days after treatment.

1958 Mao Review: PT positive 6th day in experimental
animals. Clinical application not successful.

1958 Newsome Okabe's technique of antigen preparation
not good with S. mansoni worms. Eggs not
good source of antigen in test.

1959 Okabe, Shimo- 78 days after treatment, 5 patients were
mura & Tanaka negative by PT on urine and positive by PT

on serum.

a Sm = S. mansoni; Sj = S. japonicum.
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6. The most effective antigen produced thus far is cidia and eggs of different schistosome species should
an adult-worm antigen (Newsome, 1958). also be evaluated.

In the diagnosis of bilharziasis, the precipitin
test, with the antigens now employed, is not as
sensitive as other serological tests; and using crude
antigens, it is very nonspecific. At this time, there-
fore, its most promising application appears to be
for evaluation of chemotherapeutic cure through the
urine precipitin test.

ASPECTS REQUIRNG FURTHER STUDY

1. Purified antigens should be evaluated for sen-
sitivity and specificity in the precipitin test. Antigens
prepared from metabolic products and from mira-

2. Microprecipitin tests with haematocrit or
capillary tubes should be developed for field trials.
Techniques for performing a serological test with
finger blood would be a tremendous aid in epide-
miological studies.

3. The usefulness of the test in evaluating chemo-
therapeutic cure by measuring antigen in urine
should be evaluated.

4. The usefulness of the precipitin test in the
diagnosis of infection in children should.be evaluated
in comparison with the intradermal test and the
complement-fixation test.

CIRCUMOVAL PRECIPITIN TEST

Oliver-Gonzalez (1954b) observed that when
S. mansoni eggs were incubated at 37°C with serum
from bilharziasis patients, a precipitate formed
around the eggs in the form of globules varying in
size and shape (Fig. 9A) or constituting long chains,
similar to segments of tapeworm (Fig. 9B). The
precipitate can be seen after two hours' incubation
but becomes clearer after 24 hours.

FIG. 9
WEAK REACTION (A) AND STRONG REACTION (B)
IN CIRCUMOVAL PRECIPITIN TEST WITH eGGS OF

SCHISTOSOMA MANSONI IN SERA OF PATIENTS INFECTED
WITH S. MANSONI

Preliminary absorption of the serum by iig
it with live or lyophilized eggs prevents the formation
of precipitate; but if cercariae or adult schistosomes
are used for absorption, there is no interference with
the reaction. This indicates that the antigenic
substance is in the eggs, perhaps consisting of
secretion or excretion of the miracidium or of the
fluid that bathes the ciliated embryo. On diluting
the serum, the reaction gradually becomes less
intense and a smaller percentage of eggs shows
precipitate formation.

Oliver-Gonzalez (1954b) stated that the circum-
oval reaction, prepared with sera from 34 patients
with S. mansoni infection, was positive in all cases.
When applied to 24 persons used as controls (15
apparently normal and nine with other parasitoses),
the reaction was positive in two cases. He found,
however, that for several years the two positive
normal individuals had worked with live schisto-
some cercariae in the laboratory.

Oliver-Gonzalez, Bauman & Benenson (1955a)
reported that the circumoval test is not only specific
for the egg stage of the life-cycle (as shown by the
absorption tests) but is also specific for each species
of the genus Schistosoma. There is, in fact, no cross-
reaction when eggs of S. haematobium or S. japoni-
cum are used as antigen, and there is only a very
slight precipitate when S. mansoni eggs are incubated
with the serum of patients infected with S. haemato-
bium or S. japonicum.
According to Oliver-Gonzalez, Ramos & Coker

(1955) the circumoval reaction also constitutes a

iS
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valuable means of evaluating chemotherapeutic cure
in bilharziasis. Tests made 60-120 days after treat-
ment showed decreases in intensity of reaction, and
became negative in almost all cured individuals
six months after treatment.

In another publication, Oliver-Gonzalez, Bauman
& Benenson (1955b) reported the behaviour of the
test in persons with recent infections (seven children
with infection of 40-240 days) and in patients with
a history of 10-15 years of the disease (49 cases).
The intensity of the reaction and the percentage of
eggs with a precipitate were significantly greater in
cases of chronic disease (50 %-70 %) than in children
with a recent infection (30 %-50 %). Thus, in con-
trast to the precipitin test, the circumoval precipitin
(COP) test is more intense in the chronic patient
(Oliver-Gonzalez, Bauman & Benenson, 1955a;
Rodriguez-Molina, Oliver-Gonzalez & Serrano,
1958; Liu et al. 1958).
Rodriguez-Molina, Oliver-Gonzalez & Serrano

(1956) tested the sera of 46 cases of S. mansoni
infection and obtained 43 positive reactions. The
three negative cases had received treatment. One of
the three, however, was passing living eggs in the
faeces and was positive by rectal biopsy. Rodriguez-
Molina et al. (1959) reported that 210 days after
chemotherapeutic cure in experimental infections in
mice the COP test became negative.

In Belo Horizonte, Brazil, the circumoval test was
performed in 43 parasitologically confirmed cases of
infections with S. mansoni (Pellegrino & Andrade-
unpublished data). The test was positive in all cases;
the precipitate was very clear in 32 sera (2+ and 3+
reactions) and weaker in 11 sera (1 + reaction). It
should be pointed out, however, that the circumoval
test performed with sera from individuals definitely
free from bilharziasis gave, in a few instances, small
globular precipitates around the egg. Although the
percentage of eggs in which this occurred was small
in comparison with the percentage of positive eggs
observed in infected subjects (40% or over), it is at
times difficult to interpret such findings. However,
in serum from normal subjects, the formation of
long segmented chain-like precipitates was not
found (Pellegrino & Andrade-unpublished data).
Newsome (1958) did not confirm the specificity of

the reaction and pointed out that the source from
which eggs were obtained was very important in the
test. He found eggs from monkeys satisfactory, but
eggs from rats and hamsters were poor in the test.
Lee & Lewert (1960) fractionated immune serum
with a starch block and Cancio, Salla & Rodriguez-

Molina (1959) by paper electrophoresis, and both
groups found the activity of the COP test to be in the
gamma-I fraction of the gamma-globulin. Kloetzel
(1959a, 1959b) has recently quantitated the test
in experimental infections and human cases by
measuring the number of precipitates, their length
and the number of eggs with precipitates. This
factor was used to determine a titre for various sera.
In Table 6 the literature on the COP test is outlined.

TECHNIQUE OF CIRCUMOVAL PRECIPITIN TEST

(Oliver-Gonzalez, 1954b)
(Oliver-Gonzalez, Bauman & Benenson, 1955a)

1. On a slide, place 0.05 ml of serum (inactivated
at 56°C for 30 minutes) and an equal volume of
S. mansoni egg suspension in 1.75% saline.

2. Cover the preparation with a cover slip,
greasing the edges with petroleum jelly.

3. Incubate at 37°C for 24 hours.
4. Study under the microscope with a low magni-

fication and note the intensity of the precipitate
(1+ to 4+) and determine the percentage of eggs
containing living miracidia with precipitate.
The sensitivity of the COP test in detecting anti-

bodies in chronic bilharziasis may make it important
for use in epidemiological studies. However, it is
relatively new and requires careful evaluation.

ASPECTS REQUIRING FURTHER STUDY

1. The COP test should be evaluated in com-
parison with other serological methods for the
diagnosis of bilharziasis.

2. Techniques for preserving eggs for use in the
test should be developed.

3. The sensitivity of the COP test in detecting
antibodies in chronic infections should be evaluated
against the intradermal test and the CF test.

4. Further study should be made of the efficacy
of the COP test for evaluation of chemotherapeutic
cure.

5. Further studies should be made on quantitation
of the test.

6. Attempts should be made to adapt the test for
use in epidemiological studies.

7. The reaction obtained with sera of non-
infected individuals should be studied.
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TABLE 6. CHRONOLOGICAL LIST OF PAPERS ON THE CIRCUMOVAL PRECIPITIN TEST (COP) FOR DIAGNOSIS
OF BILHARZIASIS a

Infected Control
Year Author Antigen No. pos./ No. pos.l Remarks

No. tested No. tested

1954b Oliver-Gonzalez Eggs Sm Precipitin forms about eggs placed in serum o
infected Individuals and not in serum of controls.

1955a Oliver-Gonzalez, COP reaction Is species-specific. Minor cross-
Bauman & reactions between Sm and Sh. No cross-reaction
Benenson with heterologous worm infections.

1955b Oliver-Gonzalez, COP reaction lowered after chemotherapy. The
Bauman & test more reactive in chronic cases. Reaction not
Benenson found in mice infected with single sex of worm.

1955 Oliver-Gonzalez COP test negative after therapy in 13/15 between
et al. 120 and 183 days after treatment. Antibodies can

__ - _____ - ________ - ___ be absorbed only with eggs or egg powder.

1956 Newsome & Conflrmed presence of circumoval precipitins in
Robinson immune sera.

1956 Rodriguez- 43/46 COP test more active in chronic cases.
Molina et al. (93.5 %)

1957 Coker & COP antibodies appear in 50 days in mice. Half-
Oliver-Gonzalez life of antibody is 6 days or less. Cortisone does

not affect reaction.

1957 Lewert COP activity in serum fractionated on starch block
(unpublished was found in gamma-globulin and beta fractions.
data)

1958 Newsome Cross-reactions obtained between Sm, Sh. Source
of eggs important. Eggs of Sm from monkeys are
good, but those from hamsters and rats are poor.

1958 Liu et al. 1 600/1 626 Intensity of COP reaction correlated with severity
(98.5 %) of infection. Active 26-27 days after infection. COP

Is stage- and species-specific. Anti-egg precipitin
thermostable.

1958b Senterfit - Antibodies to COP test, MIT and PT appear at the
same time in serum of experimentally infected'
animals.

1959a Kloetzel 77/80 1/55 Quantitated COP test by measuring length of pre-
1959b (962 %) (2 %) cipitate by number of precipitates with the number

lIl I of eggs showing reactions.

1959 HsO & Hsu Four strains of Sj tested; COP reaction stronger
with eggs of homologous strain.

1959 Rodriguez- Sera of mice cured of experimental Infections with
Molina et al. stibophen become negative for COP test after 210

days.

1960 Cancio et al. COP antibody is located in the gamma-I globulin
fractions. Isolated by continuous-flow electro-
phoresis.

1960 Lee & Lewert COP antibody was found in the gamma-I globulin
fraction. Isolated by starch block electrophoresis.

a Sm = S. mansoni; Sj = S. japonicum; Sh S. haematobium.
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CERCARIEN-HNLLEN REAKTION (CHR) OF VOGEL & MINNING

In the course of studies on acquired immunity in
experimental bilharziasis, Vogel & Minning (1949a)
observed that when cercariae of S. mansoni or S.
japonicum were placed in sera from two monkeys
infected with S. japonicum, a transparent membrane
with well-defined edges formed around the cercariae.
This membrane did not form in sera of uninfected
animals. The phenomenon, which they called the
Cercarien-Hullen Reaktion (CHR, or cercarial
envelope reaction), served as the point of departure
for a series of studies that culminated in its applica-
tion for the diagnosis of bilharziasis. In Table 7, the
literature on the CHR is presented in chronological
order.
The mechanism of the cercarial envelope reaction

was studied by Vogel & Minning (1949a), Stirewalt &
Evans (1955), Kruidenier & Stirewalt (1955) and
Evans, Stirewalt & McKenzie (1955). Studies by
Stirewalt & Evans (1955), by means of phase micro-
scopy, showed that normally the cuticle covering the
cercaria of S. mansoni is a double membrane and
appears as two parallel lines, dark green in colour,

separated by a clear space, 2-3,u in thickness, which
is orange-yellow or greenish-orange in colour. A
few minutes after cercariae are placed in sera from
infected mice, the space between the external and
internal borders of the cuticle on the body com-
mences to undergo a process of tumescence as if it
were filling with fluid. At the same time, the colour of
the cuticle changes from orange to dark green. The
swollen area gradually spreads in all directions until,
after the lapse of one hour, it completely covers the
body and tail, taking the form of a firm, transparent
envelope. Initially, this envelope has some elasticity,
but it appears to restrict the movement of the cer-
caria; subsequently, it becomes hardened and com-
pletely loses its elasticity. As a result of the move-
ments of contraction of the cercaria, numerous pro-
tuberances form in the envelope. The final aspect
shows the cercaria surrounded by a loose structure,
with " tucks ", as if it were a plastic mould (Fig. 10).

In order to discover which serum factors are
responsible for the formation of the envelope,
Evans, Stirewalt & McKenzie (1955), using electro-

FIG. 10
POSITIVE CERCARIAL ENVELOPE REACTION (CHR) WITH CERCARIAE OF SCHISTOSOMA MANSONI

IN SERUM OF PATIENT INFECTED WITH S. MANSONI
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phoresis, fractionated the serum of mice experi-
mentally infected with S. mansoni. They found that
two fractions, the alpha- and gamma-globulins, were
active in the cercarial reaction. The gamma fraction
is responsible for the formation of the envelope
proper, but the other fraction is necessary also, since
it introduces a factor that inhibits the cercaricidal
activity of the gamma fraction.
The CHR differs from the precipitin reaction

described by Papirmeister & Bang (1948), since the
latter is independent of infection with Schistosoma
and disappears after inactivation of the serum
(Vogel & Minning, 1949b; Stirewalt & Evans, 1955;
Kagan, 1955b).

Various aspects of the CHR of Vogel & Minning
have been studied in animals experimentally in-
fected or immunized. Results that gave more insight
into the phenomenon itself and its application as a
diagnostic method have been reported in a series of
papers (Vogel & Minning, 1949a, 1949b; Mayer &
Pifano, 1951; Kagan, 1955b; Stirewalt & Evans,
1955; Hendricks & Cort, 1956; Kagan & Levine,
1956; and others listed in Table 7).
Vogel & Minning (1949a, 1949b) obtained en-

couraging results when they used the CHR with
serum of patients with bilharziasis. Patients infected
with S. mansoni, S. japonicum, and S. haematobium
gave positive reactions (Vogel & Minning, 1949a),
and in three cases (two infected with S. mansoni and
one with S. haematobiumn) the positive CHR became
negative 4-21 months after treatment (Vogel &
Minning, 1949b). Mayer & Pifano (1951) confirmed
the findings of Vogel & Minning (1949a, 1949b).
Testing sera of 54 patients infected with S. mansoni,
and parasitologically confirmed, they obtained 43
(79.62%) positive reactions, two (3.70%) doubtful,
and nine (16.66%) negative. Five patients treated
with Fuadin were positive before treatment, and six
months after treatment the reaction became negative
in three of them.
Ron & Pifano (1955) and Pifano & Ron (1957)

applied the Vogel & Minning test to more than
1000 cases of S. mansoni infection, confirmed para-
sitologically, and obtained approximately 80%
positive results. Consequently, they are now using it
routinely for diagnosis in Venezuela and have
suggested that it be included among the methods
accepted for diagnosis of this disease. Ron & Pifano
(1955), reporting on more than 200 patients treated
and followed carefully, found that the test became
negative for a high percentage of the patients after

treatment. Mao (1958) reported that the Chinese are
using the CHR for clinical diagnosis.

Available data indicate that this test is highly
specific. Vogel & Minning (1949a) applied it to sera
from 157 residents of Hamburg, 40 of whom were
positive in serological tests for syphilis. The CHR
was negative for all 157 individuals. Identical results
were obtained by Ron & Pifano (1955) with the sera
of 86 European immigrants definitely free from
bilharziasis. In patients infected with Fasciola
hepatica, the CHR, carried out with S. mansoni
cercariae, was negative (Vogel & Minning, 1949a,
3 cases; Ron & Pifano, 1955, 1 case).
To summarize, the cercarial envelope reaction,

supplementing the skin test and the complement-
fixation test, represents a valuable adjunct for the
diagnosis and confirmation of cure of S. mansoni
infection.

TECHNIQUE OF CERCARIAL ENVELOPE REACTION

(Vogel & Minning, 1949a; Mayer & Pifano, 1951)

1. Concentrate cercariae of S. mansoni so that one
drop of suspension contains 30-50 cercariae.

2. Place one drop of the cercarial suspension on a
clean slide and immediately afterwards add one drop
of the serum (non-inactivated) to be examined. Mix,
using a needle to stir.

3. Place the preparation in a Petri dish with a
moistened filter paper on the bottom. (Keep at
room temperature.)

4. Place a cover-slip on the preparation and, after
1, 2, and 4 hours, examine under the microscope with
a dry, high-power objective.

5. Note the results as follows: negative reaction:
no formation of envelope after four hours' observa-
tion; doubtful reaction: appearance of very fine
envelope on the tail of a small percentage of cer-
cariae; positive reaction: formation of a clearly
defined envelope. In accordance with the thickness
of the envelope, measured in the lower part of the
body, note: + (thickness less than 2,u); ++ (thickness
from 2,u to 3,u); +++(thickness from 3Itto 5 or
more).
Ron (personal communication) reported that the

addition of a trace ofphenol applied with a wooden
applicator to the drop of serum after 30 minutes
killed the cercariae and facilitated microscopic
examination (which is made with a green filter). He
routinely reads the test after 30 minutes.
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TABLE 7

CHRONOLOGICAL LIST OF PAPERS ON THE CHR (CERCARIEN-HOLLEN REAKTION) OF VOGEL & MINNING (1949)
FOR DIAGNOSIS OF BILHARZIASIS a

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1948 Vogel First report of membrane surrounding cercariae in
serum.

1948 Papirmeister & Formation of precipitate around cercarlae in monkeyBang serum. Antibody destroyed by heating serum to
56°C for 30 minutes.

1949a Vogel & Minning Cercarlae in immune serum are surrounded by
membrane. These workers differentiated between
precipitin-formation in fresh serum (Papirmeister
& Bang) and CHR. Patients CHR-negative 5-7
months after treatment.

1949b Vogel & Minning CHR quite specific, showing no cross-reactions
with Echinococcus, Diphyllobothrium latum and
Fasciola antisera.

1951 Mayer & Pifano 79.62 % CHR not as reliable as other diagnostic methods.
CHR found in sera of animals infected with worms
of one sex. Study with sera of infected animals.

1952 Standen T The action of normal and immune serum was
studied with schistosome cercariae.

1953 Senterfit Cercarial agglutination CHR and MIT appear at
same time in serum.

1954 Ch'en & Su 8/13 Early CHR in China quoted by Liu et al. (1958).(61.5 ° Early work was not satisfactory; 8/13 human cases
diagnosed.

1954 Meleney & Moore CHR antibodies are not species-specific.

1955 Ch'en & Su Cercarial Sj 77/78 CHRwasassensitiveasIDtest. Appeartoconfuse(98.7
I precipitin-formation (Papirmeister & Bang, 1948)

and CHR reactions.

1955b Kagan When injected into rabbits, all stages of parasite
form CHR antibodies. CHR antibody can be ab-
sorbed from serum. CHR present 10 days after
infection in heavily exposed rabbit.

1955 Kruidenier& Membrane formed from substance present on
Stirewalt cuticle secreted by cercariae.

a SJ = S. japonicum; Sm= S. mansoni.
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TABLE 7

CHRONOLOGICAL LIST OF PAPERS ON THE CHR (CERCARIEN-HULLEN REAKTION) OF VOGEL & MINNING (1949)
FOR DIAGNOSIS OF BILHARZIASIS a (concluded)

Infected Control
Year Author Antigen No. pos./ No. pos. i Remarks

No. tested No. tested

1955 Evans, Stirewalt CHR found in gamma and alpha fractions of serum.
& MacKenzie

1955 Stirewalt & Detailed study of CHR made. Possible diagnostic
Evans value of reaction is suggested.

1956 ILiu et al. Preliminary studies on evaluation of CHR.

1956 Hendricks & Cort Antibodies against bird schistosome cercariae will
cause formation of membrane with mammalian
cercariae.

1956 Kagan & Levine Appearance of CHR antibody in host immunizedI with cercariae does not correlate with innate
immunity of host.

1957 Pifano & Ron (78 33) CHR was positive in 5 patients 4 weeks after expo-(78 ,S sure and before the appearance of skin sensitivity
or of eggs in the stools.

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

1958 Evans & Stirewalt Serum protein studies indicate that lipoprotein
components in serum may be associated with
polysaccharide in CHR reaction.

1958 Liu et al. 283/300 Used 10 drops of ear blood in 2 ml saline for test.
Read results in 8-12 hours. Test best with the

94.3 % 11-40 age-group. No difference in acute and chronic
cases.

1958 Mao Review of work done. CHR is reported as being
used clinically and as useful for early diagnosis.

1959 Gancarz CHR present in 2-5 weeks in experimentally infected
rabbits. Studied reaction after treatment and after
reinfection of rabbits.

1959 Evans & Stirewalt I CHR activity in gamma-globulin fraction. Amino-
acid composition of active fraction different from
''normal " human gamma-globulin.

1960 Lee & Lewert Using starch block electrophoresis, separated
immune Sm serum into 50 fractions. Cercarial
immobilization in albumin fractions. COP, cercarial
agglutination in gamma 1 and gamma 2 fractions.
Did not find CHR activity in any of the fractions.

' Si S.japonicum; Sm = S. mansoni.
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SUMMARY OF FEATURES

The CHR has now.been used in the diagnosis of
bilharziasis by Vogel & Minning (1949a, 1949b);
Pifano & Ron (1957); Ron & Pifano (1955); Ch'en &
Su (1955); and Liu et al. (1958). A chronological
review of the literature on this procedure is given in
Table 7. The more important findings presented in
the papers listed there may be summarized as follows:

1. The CHR is active in detecting early infection
(Mao, 1958; Pifano & Ron, 1957).

2. The CHR is specific and will not cross-react
with other helminth infections (Vogel & Minning,
1949b).

3. The CHR is positive with sera of animals in-
fected with worms of one sex (Oliver-Gonzalez,
Bauman & Benenson, 1955b; Mayer & Pifano, 1951).

4. The CHR is not species- or stage-specific
(Meleney & Moore, 1954; Kagan, 1955b).

5. The specificity of the CHR ranges from 78% to
94.5% (Pifano & Ron, 1957).

6. The CHR may be useful in evaluating chemo-
therapeutic cure (Vogel & Minning, 1949a).

In conclusion, the CHR may be a useful technique
in endemic areas where obtaining cercariae is not
difficult. Since serological reactions with living
organisms are very sensitive, in a permanent schis-
tosome diagnostic laboratory an in vitro test may be
a valuable adjunct for verifying the presence of
antibody in the serum of suspected individuals.

ASPECTS REQUIRING FURTHER STUDY

1. The efficiency of the CHR in diagnosing
chronic infections should be investigated.

2. Field methods employed by Chinese workers
for the CHR (Liu et al., 1958), such as utilization of
finger or ear-lobe blood for the test, should be
evaluated.

3. The sensitivity of the CHR for assessing chemo-
therapeutic cure should be determined.

CERCARIAL AGGLUTINATION TEST

In the course of studying infections in monkeys
(Macaca rhesus) with S. mansoni, Liu & Bang (1950)
observed that the serum of these animals acquired
the property of agglutinating living cercariae of
S. mansoni (Fig. 11). The appearance of this agglu-
tinating property coincided approximately with the
appearance of eggs in the faeces. Performing
agglutination tests on sera from consecutive bleed-
ings, they found that the agglutinating power
gradually increases to reach a maximum after 80 days
of infection. In this phase, the sera of the monkeys
had titres of 1: 64 and 1: 1024. With seven monkeys
(M. philippinensis) infected with S. japonicum
4½Y2 years previously, the agglutination test was
positive in only three animals. The test was made
with the sera of seven patients suffering from chronic
bilharziasis (S. mansoni and S. japonicum), and there
was an agglutination titre of 1: 8 in only one case of
S. mansoni. The possibility exists, therefore, that
the titre decreased as the disease progressed.
Kagan & Levine (1956) studied the in vitro

behaviour of cercariae of S. mansoni with the sera of
a large variety of animals before and after immuniza-
tion with injections of homogenized cercariae. They
found agglutinins in normal sera but believe that

these differed from the agglutinins which appear
after immunization. Natural agglutinins were in-
hibited by the action of cercaricidal substances pre-
sent in normal serum and became active only after
inactivation of the serum. Activity of the agglutinins
found after immunization was masked by the forma-
tion of a membrane around the cercariae (Vogel &
Minning, CHR reaction). It would appear that the
membrane around the cercariae acted as a protective
envelope, since in certain cases where membrane
formation was prevented by dilution of the serum, it
was possible to detect agglutination of the cercariae.

Stirewalt & Evans (1955) reported that the agglu-
tination phenomenon was linked with the presence
of a medium unfavourable for the cercariae. No
agglutination was observed when only water was
used for dilution of serum; but when normal saline
was used, the motility of the cercariae was affected
and they tended to settle out. This resulted in more
frequent contacts among the cercariae, thus facilitat-
ing agglutination.
With the aim of investigating early serological

diagnosis of bilharziasis, Naimark et al. (1957),
using monkeys (M. rhesus) infected with S. mansoni,
determined the time when the specific antibody
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FIG. 11

POSITIVE CERCARIAL AGGLUTINATION REACTION WITH CERCARIAE OF SCHISTOSOMA MANSON

appeared in relation to the appearance of eggs in the
faeces. Three tests-complement-fixation, circum-
oval reaction, and cercarial agglutination-were
employed, and the agglutination test was the first
to become positive.

Oliver-Gonzalez, Bauman & Benenson (1955a)
carried out the cercarial agglutination test on sera
from seven children with recent infections with
S. mansoni (40-240 days) and from 49 adults with
chronic infections. In the first group, the reaction
was 100% positive and the titres observed were
relatively high (1: 64 to 1: 128); whereas, in the
second group, there was a positive reaction only in
three instances (6.1 Y) and the titres were low
(1: 2 and 1: 8). The authors concluded that in
recent infections the agglutinating antibodies are
readily detectable and give a high titre in reactions,
whereas in chronic infections as the disease pro-
gresses the antibody content decreases and tends to
disappear. Lee & Lewert (1960) found that cercarial
agglutinins were concentrated in the gamma-
globulin fraction of the serum.

TECHNIQUE OF CERCARIAL AGGLUTINATION REACTION

(Liu & Bang, 1950)

1. Concentrate S. mansoni cercariae in normal
saline so as to obtain a suspension containing 300-400
cercariae per ml.

2. Inactivate the test serum at 56°C for 30 minutes
and make serial dilutions in saline.

3. Place 0.5 ml of the liquid containing the cer-
cariae in tubes (10 x 100 mm) and add 0.5 ml of the
various serum dilutions. Shake for 30 minutes.

4. Leave the tubes at room temperature for 30
minutes, then examine.

5. Place tubes in the refrigerator until the final
reading, to be made 18 hours afterwards. The test
is positive if agglutination occurs. According to the
intensity of the latter, express the results as ranging
from 1+ to 4+.
Kagan & Levine (1956) performed the test in

0.5 ml of serum in spot plates.
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TABLE 8

CHRONOLOGICAL LIST OF PAPERS ON CERCARIAL AGGLUTINATION FOR DIAGNOSIS OF BILHARZIASIS

Year Author Remarks

1950 Liu & Bang Agglutination of living cercariae reported in heat-inactivated and fresh serum. Cross-
reactions with Trichina antiserum noted.

1952 Standen Cercarial agglutination observed.

1953 Senterfit Cercarial agglutination, CHR and miracidial immobilization appear in serum at same
time.

1955 Stirewalt & Evans Believed the agglutination phenomenon was linked to the CHR reaction.

1955a Oliver-Gonzalez, Sera of mice infected with worms of one sex do not have circumoval antibodies but do
Bauman & Benenson have cercarial agglutinins. Agglutinins are decreased in chronic sera.

1956 Kagan & Levine Agglutinins in normal sera are different from cercarial agglutinins found after immu-
nization. CHR interferes with cercarial agglutination.

1957 Naimark et al. Cercarial agglutinins appear very early in the serum of experimentally infected monkeys.

1960 Lee & Lewert Cercarial agglutinins in gamma-globulin fraction of serum.

FURTHER STUDY

Review of the literature on cercarial agglutination
(Table 8) indicates that this phenomenon may have
application in the diagnosis of bilharziasis. Agglu-
tinins are found in higher concentration in acute sera

(Liu & Bang, 1950; Oliver-Gonzalez, Bauman &

Benenson, 1955a, Naimark, 1957), appear in the
sera about the same time as CHR antibodies and
miracidial immobilizing antibodies (Senterfit, 1953),
and are found in the gamma-globulin fraction of the
serum (Lee & Lewert, 1960).
The cercarial agglutination test has to be evaluated

in comparison with other serological tests for the
diagnosis of bilharziasis.

MIRACIDIAL IMMOBILIZATION TEST

Senterfit (1953), in the course of experimental
infection of the hamster (Cricetus auratus) and the
monkey (Macaca mulatta) with S. mansoni, observed
the appearance of antibodies capable of immobilizing
miracidia, agglutinating cercariae, forming a pre-

cipitate, and producing the cercarial envelope. He
considered it possible that all four immunological
properties were activated by the same antibody.
The miracidium becomes immobile as a result of
disorganization or even complete stoppage of ciliary
movement. In the monkey (M. rhesus), immobilizing
activity began 39-40 days after infection, and after
75 days a titre of 1: 160 was reached. With the serum
of a monkey infected for more than five years with
S. japonicum, the reaction was positive with a titre of
I :10. In view of the results obtained, Senterfit

suggested that the immobilization test could be used
for the diagnosis of bilharziasis.
Kagan (1955b) studied in detail the action of

human serum as well as that of various vertebrates
on the miracidia of S. mansoni and Schistosomatium
douthitti. He found that the serum of most of the
animals studied showed immobilizing properties for
the miracidia of both species, but that this action
was destroyed or inhibited by heating the serum at
56°C for 30 minutes (horse serum is an exception).
He carried out the immobilization test with the serum
of various laboratory animals (hamsters, guinea-pigs,
rabbits, mice rats, and monkeys) experimentally
infected with S. mansoni and with rabbits immunized
with material corresponding to the various stages in
the life-cycle of S. mansoni and S. douthitti. This test

SUMMARY OF FEATURES AND

REQUIRED
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CHRONOLOGICAL

TABLE 9

LIST OF PAPERS ON MIRACIDIAL IMMOBILIZATION TEST (MIT) FOR DIAGNOSIS
OF BILHARZIASIS

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1950 Hiyashl Quoted by Senterfit (1953).

1953 Senterfit MiTantibody appears after 39-48 days in monkey; in-
creases to 75th day. Cross-reactions with Trichina
reported; correlated with egg production.

1955b Kagan MIT very sensitive In detecting antibody; miracidial
agglutinins noted. More sensitive than CHR.

1957 Senterfit MIT antibody can be absorbed with adults, cer-
cariae, and eggs of schistosomes.

1957 Lewert Fractionation of serum of patient with S. mansoni(unpublished shows miracidial immobilization in all globulindata) fractions.

1958a Senterfit MIT in 2 infected monkeys appeared with egg pro-
duction; titre remained high for 2 years and then
fell. MIT titre higher in acute than chronic patient.

1958b Senterfit 22/43 No correlation between MIT, COP and cercarial
(51.2 %) agglutinins.

1960 Lee & Lewert I Same as 1957 but in greater detail.

proved to be more sensitive than the cercarial
envelope reaction of Vogel & Minning for revealing
antibodies in infected or immunized animals. This
fact, in conjunction with the lack of correlation
between the titres shown by the immobilization and
CHR tests, indicated the existence of more than one
antigen-antibody system in these two serological
reactions. The miracidium immobilization test
(S. mansoni and S. douthitti) was carried out with
the serum of six patients suffering from S. mansoni
infection and one patient infected with S. haema-
tobium. Relatively high titres (1: 200-1: 600) were
obtained for all but one-a S. mansoni infection with
a titre of 1: 25. Lee & Lewert (1960) found mira-
cidial immobilization factors in all the fractions of an
immune serum separated by starch electrophoresis.

TECHNIQUE OF MIRACIDIAL IMMOBILIZATION TEST
(Senterfit, 1953)

1. Inactivate the test serum at 56°C for 30 minutes
and make dilutions from 1: 10 to 1: 160 with saline.

2. Prepare a suspension of S. nmnsoni miracidia
in chlorine-free water (see method for obtaining
miracidia, page 616).

3. Place 5 drops of this suspension on a slide
with paraffin wax rings. Add 5 drops of the serum
to be tested.

4. Leave at room temperature for 10 minutes.
Observe the movement of the miracidia under the
binocular lens and note the results. (Kagan, 1955b,
recommended reading the result after two hours.)

SUMMARY OF FEATURES

The literature on the miracidial immobilization
test is outlined in Table 9. The following conclusions
may be drawn from these papers:

1. The miracidial immobilization test (MIT) is
active in detecting early infection (Senterfit, 1953,
1958a).
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2. The MIT cross-reacts with Trichina antiserum
(Liu & Bang, 1950; Senterfit, 1953).

3. The MIT is positive with serum of animals
experimentally infected with worms of one sex
(Senterfit, 1958a).

4. Activity of miracidial immobilization is found
in all serum fractions separated by starch electro-
phoresis (Lee & Lewert, 1960).
The miracidial immobilization phenomenon is

probably more of academic interest than of diag-
nostic value.

HAEMAGGLUTINATION TEST

Recently, Kagan (1955a) and Kagan & Oliver-
Gonzalez (1955, 1958) applied the haemagglutina-
tion test to the diagnosis of bilharziasis. The test
was patterned after the method developed by Boyden
(1951), which is based on the adsorption of protein
antigens on to sheep red cells previously treated
with tannic acid. Agglutination occurs when the red
cells, covered with antigen, are incubated with
specific antisera.
Kagan (1955a) reported results with the serum of

rabbits immunized with cercariae and adult schisto-
somes (S. mansoni), and also with material corre-
sponding to the different stages in the life-cycle of
Schistosomatium douthitti. Kagan & Oliver-Gonzalez
(1958) gave results of tests on sera from immunized
rabbits and from infected humans. The humans
tested included 10 adults with chronic S. mansoni
infections, from whom sera were collected before
treatment and again a year after, and five child-
ren with active infections. The following antigens
were used: extracts of cercariae and adult schisto-
somes (S. mansoni); human and pig Ascaris; and
Fasciola hepatica. No specificity, either for the stage
in the life-cycle or for the species, was observed
by using the various antigens, whether with human
or with immunized rabbit sera. The titres obtained
on sera from children with active bilharziasis were
1:80-1:1280 using S. mansoni cercarial antigen;
0-1:320 with adult schistosome antigen, and
1:320-1:1280 with antigen from eggs. Two of the
sera gave cross-reactions with F. hepatica antigen
(1:10 and 1:20). In the 10 patients with chronic
bilharziasis, the titres obtained before treatment were
1:40-1:60 using cercarial antigen and 1: 10-1:80
after treatment. Tests carried out with egg antigen
and adult schistosome antigen were negative.
According to Kagan & Oliver-Gonzalez (1955,

1958), the reproducibility of the titres obtained is
uncertain, and further studies, aimed at increasing
the sensitivity of the test for human sera, will be
necessary before haemagglutination can be used for
diagnostic purposes.

TECHNIQUE OF HAEMAGGLUTINATION TEST
(Kagan, 1955a)

1. Wash sheep red cells, kept in Alsever's solution,
with buffered saline (pH 7.2) and incubate for
10 minutes at 37°C with a 1: 20 000 tannic acid
solution.

2. Expose the red cells treated with tannic acid
to the antigen of S. mansoni cercariae in a concentra-
tion of 1: 5000 in buffered saline at pH 6.4 (1 volume
of red cells to 5 volumes of antigen) for 15 minutes
at room temperature.

3. Make a 2% suspension of the red cells thus
treated in 1: 250 normal rabbit serum.

4. Make serial dilutions of the serum to be
tested in 1: 100 normal rabbit serum.

5. Place one drop of red cell suspension in each
tube containing 0.5 ml of the various serum dilutions.

6. Make two readings: the first after two hours
and the second after 24 hours at room temperature
(23°C). The titre is the highest dilution of serum
that produces a clear mat of red cell agglutination.
The technique of formalinizing the red cell has

greatly increased the usefulness of the haemaggluti-
nation test (Csizmas, 1960). Formalinized red cells
are stable and will withstand lyophilization and
storage at -70°C. Formalinized red cells, treated
with tannic acid and exposed to hydatid fluid antigen,
have remained sensitive when stored lyophilized
in the deep-freeze at - 20°C for over eight months
(Allain & Kagan, 1961). The haemagglutination test
for the diagnosis of bilharziasis with formalinized
cells has been used in the laboratory for about one
year with very satisfactory results (Kagan-unpub-
lished data). The technique for preparing red cells
modified after Csizmas (1960) is as follows:

1. Suspend sheep cells or human 0 cells in an equal
volume of Alsever's solution (dextrose, 2.05 g; sodium
citrate, 0.80 g; sodium chloride, 0.42 g; citric acid,
0.055 g; distilled water, 100 ml).

2. Wash cells five times in 10 volumes of cold saline
(0.85 %) at 500 g for 15 minutes each washing.
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3. Dilute packed cells in eight volumes of cold saline.
When human cells are used, add 10 Y. phosphate buffer
(pH 6.8) to 90% saline.

4. In a dialysis tube, add two volumes of formalin
(calculated from the amount of packed cells used). Allow
a 50% air space in the dialysis tube. The formalin is 40%
formaldehyde to which I N sodium hydroxide has been
added to adjust the pH to 5.5-6.0.

5. Place the tubing containing the formalin in a beaker,
pour the cell-saline mixture over it, and gently rotate on a
shaker in a refrigerator for an hour and a half. The speed
of rotation should not be such as to cause foaming of the
mixture.

6. After an hour and a half of gentle shaking, cut the
dialysis tube and pour the formalin into the cells.

7. Allow the mixture to shake until the following
morning.

8. Discard all clumped or agglutinated cells which
form in a pellet on the bottom of the beaker.

9. Dilute the mixture with an equal volume of cold
saline.

10. Wash (as described in 2 above) 10 times with cold
saline.

11. After the last washing, discard the supernatant
and make a 25 % suspension in thiomersalized saline
(1:10 000) of the packed cells.

12. Store formalinized cells in the refrigerator.
Formalinized cells are treated for one hour at 370C

with tannic acid and sensitized with antigen for 12-24
hours at 4°C.

SUMMARY OF FEATURES AND FURTHER STUDY
REQUIRED

The sensitivity of the haemagglutination pro-
cedure in detecting antibody may prove to be very
useful in diagnosis. Studies by Kagan (1955) and
Kagan & Oliver-Gonzalez (1958) indicate that
various schistosome antigens are active in the
haemagglutination test (Table 10).
The haemagglutination test should be evaluated

for the diagnosis of bilharziasis with a standardized
purified schistosome antigen and compared with
other serological procedures.

TABLE 10
CHRONOLOGICAL LIST OF PAPERS

ON THE HAEMAGGLUTINATION TEST FOR DIAGNOSIS
OF BILHARZIASIS

Year Author Remarks

1955a Kagan Test is sensitive with cercarial
antigen.

1955 Kagan & No species or generic specifi-
Oliver- city was found with this method.
Gonzalez

1958 Kagan & Test is not useful to evaluate
Oliver- chemotherapeutic cure. Low
Gonzalez grade cross-reactions are found

with Ascaris and Fasciola in-
fections.

FLOCCULATION TEST

With the aim of providing a simple and sensitive
means for the diagnosis of bilharziasis caused by
S. mansoni, Brandt & Finch (1946) used a floccula-
tion test developed by Suessenguth & Kline (1944)
for trichinosis. They found that alkaline extracts of
adult schistosomes (S. mansoni) had the property of
forming a coating on cholesterol crystals, which
could then be used as antigen, and that addition of a
small amount of lecithin considerably increased the
sensitivity of the test. When they applied this
flocculation test to 143 cases of S. mansoni infection,
they obtained the following results:
A. Sera of 25 untreated children:

23 positive (92%); 1 doubtful; 1 negative.
B. Sera of 32 untreated adults:

28 positive (87.5 %); 3 doubtful; 1 negative.
C. Sera of 90 treated adults:

68 positive (75.6%.); 20 doubtful; 2 negative.
Of 110 sera used as controls, 101 gave a negative

test, while seven were doubtful and two were positive.

Brandt & Finch (1946) suggested that the floccula-
tion reaction might be used in S. mansoni infection as
a screening method when it is necessary to examine
a large number of sera. A cholesterol-lecithin
flocculation test was used recently in Puerto Rico
(US Army Tropical Medical Research Laboratory)
for the diagnosis of S. mansoni infection with very
good results (Anderson, 1960). The technique for
performing this test is described below.

TECHNIQUE OF FLOCCULATION TEST
(Anderson, 1960)

An extract of lyophilized cercariae in buffered salt
solution is the antigen employed. The method of
preparation is essentially that of Chaffee, Bauman &
Shapilo (1954), but slightly different quantities of
reagents are used, and triethanolamine buffered salt
solution (Kent, Toussant & Hook, 1957) is sub-
stituted for Veronal buffer. 1-ml amounts of the
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TABLE 11
CHRONOLOGICAL LIST OF PAPERS ON FLOCCULATION TESTS FOR DIAGNOSIS OF BILHARZIASIS a

Infected Control
Year Author Antigen No. pos./ No. pos./ Remarks

No. tested No. tested

1939 Alcay et al. Quoted by Brandt & Finch (1946).

1946 Brandt & Finch Alkaline aqueous extract 143/147 2/110 Test has high degree of specificity. Chil-
adult Sm with cholesterol (91.3 %) (1.8 %) dren 92 % positive, whereas chronic cases
particles plus lecithin 87.5 %. No cross-reactions with syphilis.

1947 Wright et al. Adult Sm on particles 58/75 11/70 Negative reactors were mild or recent cases
of bentonite (71.3 %) (15.7%) of bilharziasis. 29 chronic cases were all

29/29 positive.
(100 %)

1947 Bozicevich & Adult and cercariae Results were so variable that they were not
Hoyem on bentonite reported. Sensitivity of antigen changed

on storage.

1960 Anderson Cercariae Sm Sensitive test but cross-reaction with
Trichina antiserum reported.

a Sm = S. mansoni.

antigen are lyophilized in ampoules and sealed under
vacuum.
A stock solution of 1.0% cholesterol and 0.1 %

lecithin is prepared in absolute ethanol. The solution
is stored at room temperature in the dark.

Preparation of the antigen emulsion
1. Reconstitute 1 ampoule of antigen, using

0.65 ml of distilled water. Transfer 0.6 ml of the
solution to a 30-ml, round, glass-stoppered bottle.

2. Rotate the bottle rapidly flat against the table
top while adding, drop by drop, 0.3 ml of the
cholesterol-lecithin solution. Continue to rotate for
10 seconds after the last drop of solution has been
added.

3. Stopper the bottle and shake vigorously for
one minute.

4. Add rapidly 1.1 ml of 0.90% NaCI solution.
5. Shake vigorously again for one minute, then

allow to stand about 30 seconds.
6. Centrifuge in round-bottomed 15 x 100 mm

test-tube at 1000 g for 15 minutes.
7. Decant supernatant, drain the tube and dry the

inside with a gauze-wrapped applicator stick.
8. Suspend sediment in 2.0 ml of 0.90% saline.
Store the antigen emulsion at 3'-6°C.

Performance of the test
1. Inactivate the serum to be tested in a water-

bath at 56°C for 30 minutes.

2. Place 0.05 ml of serum in the well of a Boerner
glass slide.

3. Using a 1.0 ml tuberculin syringe fitted with a
23-gauge (0.65-mm) needle, add one drop of antigen
emulsion (needle should deliver 78-82 drops per ml).

4. Rotate the slide by machine at 180 r.p.m. for
four minutes.

5. Read immediately under the microscope using
the low-power objective.

Reactions are read i, 1-, 2+, 3+ and 4+.
Those below 2+ are considered weakly reactive and
those above that reading as reactive. Quantitative
tests may be performed by using twofold serial dilu-
tions of serum in 0.9% saline and testing as above.

Bozicevich & Hoyem (1947) and Wright et al.
(1947) reported a flocculation technique for the
diagnosis of S. japonicum infection similar to that
described by Brandt & Finch (1946), in which the
cholesterol is replaced by bentonite. Results
obtained with bentonite were not encouraging.

FURTHER STUDY REQUIRED

The use in recent years of haemagglutination and
flocculation tests in other helminth infections
portends their usefulness in the diagnosis of bil-
harziasis. In Table 11, the literature on the floccula-
tion test is outlined.
The flocculation test should be evaluated for sen-

sitivity and specificity against other serological pro-
cedures for the diagnosis of bilharziasis.
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NONSPECIFIC REACTIONS

With the development of parasitological methods
and the perfecting of immunological diagnostic
techniques, the so-called "nonspecific reactions"
now play a very limited role in the diagnosis of
bilharziasis. Such reactions are based on an indirect
demonstration of an imbalance in the serum pro-
teins, or the titration of heterophilic antibodies, or
the determination of eosinophil levels in the blood
before and after administration of antimonials.
The following considerations concerning the titra-

tion of heterophilic antibodies, the Henry and Wolff
reactions, the formol-gel test and eosinophilia are
merely of academic interest and are included solely
for the sake of completeness.

TITRATION OF HETEROPHILIC ANTIBODIES

During studies on heterophilic agglutinins, Peres
(1944) found that patients with S. mansoni infection,
gave high titres for Forssman antibodies. Determina-
tion of heterogenic agglutinins in 20 patients (David-
sohn technique) gave titres ranging from 1: 46 to
1: 224. In view of these results, Peres suggested that
search for heteroagglutinins might be used as an
auxiliary method in bilharziasis diagnosis.

In 1945, Dammin & Weller tried to detect hetero-
philic agglutinins in 123 cases ofS. mansoni infection,
parasitologically confirmed. Of these patients, 28
gave titres that ranged from 1: 16 to 1: 64 and only
one gave a titre of 1: 128. Thus, in contrast to the
results reported by Peres (1944), these workers
showed that heterophilic antibody titres with a
possible clinical significance are infrequent in bilhar-
ziasis. In studies on six rabbits infected with 5000
S. mansoni cercariae, they did not find any agglutinins
for sheep red cells until 50 days after infection.

Analysis of these findings indicates that further
research will be necessary to clarify the behaviour
of heterophilic antibodies in bilharziasis. None the
less, the application of the titration of heterogenic
antibodies as an auxiliary method in bilharziasis
diagnosis is very remote.

FORMOL-GEL REACTION

The investigators who have studied the behaviour
of the formol-gel reaction as applied to bilharziasis
obtained quite variable results, which are largely
explained by the diversity of the groups studied and
the lack of uniformity in the criteria adopted for

reading the tests. Table 12 gives a chronological
list of pertinent reports.

Faust & Meleney (1924) obtained 11 positive
reactions in 12 cases of S. japonicum infection.
Harper (1929) obtained a positive test in one case.
Wright et al. (1947), on applying the formol-gel
reaction to 58 American soldiers who had become
infected with S.japonicum during the Leyte campaign,
obtained negative results in all cases; but when they
made the same test on the sera of 34 civilians with
chronic bilharziasis, 25 cases were positive. In
bilharziasis caused by S. haematobium, Lal (1924)
and Khalil & Hassan (1932a) obtained a low per-
centage of positive results.

Martins (1949) applied the formol-gel test to 25
chronic cases of S. mansoni infection with poor re-
sults. All the sera were negative when read after
two hours, and after 24 hours one serum was fluid,
1 1 were slightly gelled and 13 were gelled and accom-
panied by slight cloudiness. Therefore, in accord-
ance with the criteria proposed by Napier (1946), all
the tests were negative. Gelfand (1950) and Khalil
& Hassan (1932a) reported negative results with this
procedure. With 35 patients suffering from bilhar-
zial hepatosplenomegaly caused by S. mansoni, Meira
(1951) obtained 51.4% positive results (reading after
24 hours; cf. Pessoa, 1953).

Applying the test to 90 patients with S. mansoni
infection, Pessoa (1953) noted 26.6% positive. Con-
sidering only patients with decompensated cirrhosis,
the test was positive in 46.1 %. His results clearly
indicate that the percentage of positive reactions
increases with the progress of the disease and is
accentuated in cases of hepatosplenic involvement.
As a positive formol-gel test reveals only a non-
specific disturbance in the serum proteins, this
reaction is of very limited diagnostic value.

HENRY AND WOLFF REACTIONS

The frequent need to establish a differential
diagnosis between hepatosplenomegaly due to mala-
ria and that due to bilharziasis, especially in Brazil
where these infections occur together, led to the
application of the Henry (1936) and the Wolff (1939)
reactions-generally positive in malaria cases-for
patients with bilharziasis. Both these reactions are
based on the precipitation of serum euglobulins in
the presence of melanin-ferric solution (Henry's
reaction) or following the addition of solutions of
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CHRONOLOGICAL

TABLE 12

LIST OF PAPERS ON THE FORMOL-GEL TEST (FG) FOR DIAGNOSIS OF BILHARZIASIS a

Infected Control
Year Author Antigen No. pos./ No. pos./i Remarks

No. tested No. tested

1924 Faust & 11/12 Report the use of the test in China.
Meleney (91.6%)

1924 Lal Tested 19 patients with Sh and obtained equivocal
results.

1929 Harper One case gave positive test.

1932a Khalil & Test could not be used in diagnosis of bilharziasis.
Hassan

1946 Faust et al. A positive ID test and positive FG test added
strength to presumptive diagnosis of bilharziasis.

1947 Wright et al. 25/34 0/80 Test of no value in early diagnosis of Sj. May be
(73.5 %) of value in chronic disease (25/34 chronic cases).

1949 Martins 24/25 After 24 hours sera solidified but were negative
(96%) after 2 hours.

1950 Gelfand 12/50 FG and ID tests of no value in diagnosis of bilhar-
(24%) ziasis.

1951 Meira 20/35 Solidification took place after 24 hours.
(58.8%)

1953 Pessoa 23.3 % FG test of no value in diagnosis, but does not agree
with Gelfand (1950) that ID test of no diagnostic
value.

a Sj = S. japonkcum; Sh =S. haematobium.

known pH (Wolff's reaction) when there is imbalance
of the serum proteins with an increase in the euglo-
bulins. However, apart from malaria, these reactions
may also be positive with the serum of patients in-
fected with kala-azar, Laennec's cirrhosis, tuber-
culosis, syphilis, etc. Consequently, the only value
of the Henry and the Wolff reactions with regard
to bilharziasis is merely that of excluding this
infection.
On applying Henry's melanin-ferric precipitation

reaction to 10 cases of malaria, confirmed parasito-
logically, Meira & Antunes (1941) obtained five
positive results. In 18 patients with bilharziasis but
without malaria, the reaction was positive in four
cases, doubtful in one, and negative in 13. These
authors conclude that Henry's reaction is of little
value for the differential diagnosis of hepatospleno-

megaly of malarial and bilharzial origin. Never-
theless, in the opinion of Versiani & Cavalcanti
(1943), Henry's reaction " might be employed as a
valid test for the etiological diagnosis of spleno-
megaly ". Wolff's reaction, although the results it
gives are less clear, should be carried out at the same
time, since in certain cases it may be positive while
the Henry reaction is negative. On applying the
Henry and Wolff tests to 20 malaria patients, con-
firmed parasitologically, Versiani & Cavalcanti
(1943) obtained 18 and 16 positive results respec-
tively. In 11 patients with bilharziasis (eight with
splenomegaly) and in four cases of Banti's syndrome,
possibly of bilharzial origin, both reactions were
negative.

In agreement with Martins (1949), we believe that
the Henry and the Wolff reactions are not entirely
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practical, and that their value in the differential
diagnosis of malarial and bilharzial splenomegaly is
limited. Direct parasitological demonstration, or
indirect methods such as the intradermal test or the
complement-fixation test, are much more reliable for
determining whether bilharziasis is present.

INDUCED EOSINOPHILIA

Since the earliest use of tartar emetic to treat
bilharziasis, it has been known that the antimonials
produce an increased eosinophil level (Christopher-
son & Newlove, 1919; Low & Newham, 1919;
Maciel, 1924). Mainzer (1939) first suggested that
this relative increase in eosinophilia might be used
for diagnostic purposes. He considered that, in
treated individuals, an increase of 5 % or more over
the pre-treatment level indicated the presence of
bilharziasis, since administration of antimonials to
healthy persons or to individuals suffering from
other helminthiases or from allergic complaints does
not cause appreciable change in the percentage of
eosinophils. Pifano (1941), reporting his observations
on cases of S. mansoni infection receiving specific
treatment (tartar emetic, stibophen), stated that there
was a veritable " discharge of eosinophils " in
the first days after administration of the medi-
cations.
Lopes (1945) obtained positive results with five of

seven patients infected with S. mansoni confirmed
parasitologically. According to him, the eosinophil
test could serve not only for diagnosis but also as a
check on the cure of bilharziasis.

Silva (1948) regarded a positive eosinophil test,
when taken in conjunction with other clinical data,
as a decisive factor in reaching a diagnosis of active
bilharzial infection.

Martins (1949) observed 87 patients with S. man-
soni infection whom he had treated according to an
intensive schedule proposed by Alves & Blair (1946).
In 57, or 65.5 %, of the cases, there was an increase of
5% or more of eosinophils. Subsequently, he used
stibophen to treat 18 individuals including seven
with active bilharziasis, one with inactive infection,
four suspect cases with a strongly positive intra-
dermal test, and, for controls, six that were definitely
uninfected. Three doses (2.5 ml, 2.5 ml, and 5.0 ml)
were injected intramuscularly on alternate days.
Blood samples were collected before the first injec-
tion and at 5, 8, 11, and 15 days after the first
injection. Five of the eight bilharziasis cases, includ-
ing the one inactive case, gave positive reactions; and
two of the four suspect cases and three of the six
controls had a positive test.

C. B. Dias (quoted by Martins, 1949) reported on
patients with cutaneous leishmaniasis but definitely
free of bilharziasis who were treated with sodium
antimony tartrate. He noted that after treatment
there had been a marked increase in eosinophils.
Taking into account the fluctuation which may

occur in the eosinophil level in the blood when
successive determinations are made on normal in-
dividuals (Kaine, Seltzer & Conn, 1955), and the
existence of more reliable diagnostic methods, we are
of the opinion that this test should not be used for
the diagnosis of S. mansoni infection.

AREAS IN SERO-IMMUNODIAGNOSTIC METHODS REQUIRING FURTHER
INVESTIGATION AND EVALUATION

Analysis of Schistosoma japonicum for blood
group substances (Matsuse, 1956) revealed the
presence of A4, B3, and 03 substances. This is an
interesting finding, because Oliver-Gonzalez &
Torregrosa (1944) had reported that schistosome
polysaccharide inhibited the alpha and beta isoagglu-
tinins of human serum. Oliver-Gonzalez & Gon-
zalez (1949) reported that when adult schistosome
worms were incubated in human serum, the A2
isoagglutinin titre of the serum was reduced to zero.
It is believed that the secretions of the worms
contain A2 isoagglutinogen-like substances that
are antigenic and that absorb agglutinin from serum
(Oliver-Gonzalez, 1952).

The immunological properties of helminth poly-
saccharides, including schistosome material, have
been reviewed recently by Oliver-Gonzalez (1954a).
Studies on Ascaris infection as it affects the isoagglu-
tination levels in pigs (Soulsby & Coombs, 1959)
indicate that there may be an association between
pathogenicity and the blood group of the host.
This area in the pathogenicity of bilharziasis-the
effect of host blood-group substances-should be
investigated.
Our knowledge of the chemistry of schistosome

antigens is fragmentary. There is the need for
fundamental biochemical studies of schistosome and
other helminth antigens. Only when the active

16
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moiety of the antigen is isolated and studied can we
hope to prepare sensitive, specific serological mate-
rials. The whole area of specificity in helminth
serology is very little understood from the bio-
chemical point of view and requires further study.
Almost without exception, workers in the past

have reported their antigens in terms of a quantitative
measurement-i.e., weight of antigen to volume of
diluent, or number of cercariae or adult worms per
ml. Unless reproducible quantitative methods are
used to evaluate antigens, workers in any given
endemic area cannot accurately duplicate materials
produced by investigators elsewhere. Relatively
simple biochemical methods for measuring total
nitrogen, protein and polysaccharide are outlined
in many texts and should be used routinely in every
laboratory that prepares antigens. By employing
simple criteria, such as total nitrogen or biuret
protein or total anthrone for polysaccharide, investi-
gators can make the initial step in a quantitative
approach to the serology of helminthiases.
The use of modern techniques in the serology of

helminthiasis should be encouraged. In some fields
pf serology, techniques for effective use of very small
quantities of serum have been developed. Whether
these methods can be used in helminth serology
has not been evaluated. Microprecipitin tests
utilizing haematocrit or capillary tubes on finger
blood may be practical field serological tests. These
and other such techniques should be explored for
epidemiological use.
For the performance of serological tests, an

attempt should be made to use quantitative methods.
In most serological tests, titres are used as the
quantitating measures for antiserum and dilution
for the measure in antigens. For example, in the
CF test, 1+, 2+, 3+ and 4+ are often used. We
believe that, whenever possible, the 50% haemolysis
technique should be used for the CF test. Pellegrino
& Freitas (1961) have attempted to titrate sera with
the complement-fixation test. These studies should
be extended and evaluated.
Newer techniques, such as indirect haemaggluti-

nation and bentonite flocculation, should be em-
ployed and evaluated whenever possible. With the
use of lyophilized formalinized sensitized cells, a
standard antigen for the haemagglutination test is
possible. As for the flocculation test, the relative
ease with which it can be performed merits its further
development in helminth serology.
The problem of determining worm burden is of

much practical and theoretical importance. Perusal

of the literature leads to a recognition that conven-
tional serological methods do not provide this
measure, and that attempts to develop a serological
measurement for this variable may not prove
fruitful. There is great need at this time, therefore,
for further research on the enzymes produced by
schistosomes and other helminths present in the
blood or other body fluids, since it appears that a
quantitative relationship may exist between the
amount of enzyme present and the worm burden.
The work of Garson, Duran & Williams (1957) on
alterations of serum glutamic-oxaloacetic trans-
aminase (SGO-T) during the course of experimental
S. mansoni infection suggests this possibility, and
additional work along this line in other laboratories
should be encouraged. In the development of
diagnostic techniques applying this principle, which
may prove relatively easy and quite rewarding,
further research on the physiology and enzymology
of helminths is essential.

In bilharziasis, the problem of a serological evalua-
tion of chemotherapeutic cure is of much practical
importance. In experimental animals, progress can
be followed by autopsy. In man, three to six months
must elapse before the effectiveness of chemotherapy
can be assessed by searching for eggs in the stool.
Most serological methods require a time-lapse of
8-12 months, and some techniques, e.g., the ID
test and the CF test, may require even longer. Thus
far, the most sensitive methods for this purpose are
in vitro tests with eggs and cercariae; but they are not
yet sufficiently sensitive, and they have the added
disadvantage of requiring the use of living material.
Development of a satisfactory method for early

evaluation of chemotherapeutic cure may warrant a
search for changes in tissues other than blood. Thus
far, antibodies outside the blood system have
received little study in relation to the helminthiases.
In serological studies on cholera and on Salmonella
and Trichomonas foetus, antibodies have been found
in the mucous membrane of the reproductive tract
and copral antibodies in the faeces (Pierce, 1959).
Fairley (1926a) and Pifano & Mayer (1942) reported
antibodies in pleural and peritoneal exudates in
infected individuals. Morishita & Mabuchi (1957)
extracted Ascaris antigen from the faeces of asca-
riasis patients. Okabe & Tanaka (1958) and Okabe,
Shimomura & Tanaka (1959) extracted antigen from
urine of patients infected with S. japonicum. They
found that this antigen disappeared from the urine
of treated patients in 70-80 days, whereas the anti-
bodies in serum could be detected for a longer
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period. These findings should be verified through
additional studies, for they may be of great practical
importance.

Thus, the detection of antigen in urine may prove
much more practical than conventional serological

methods for measuring chemotherapeutic cure. And,
as indicated by the reports cited here, the detection
of antigens and antibodies in the various body
fluids may prove valuable in studies on worm burden,
physiology, and enzymology.

CONCLUSION

We feel that a good beginning has been made in
evaluating and preparing a global intradermal skin
test antigen. The complement-fixation test performed
with Chaffee's antigen (whole-worm extract) is a
sensitive and reliable procedure. The many other
tests described in this paper may be used to evaluate
or to help to confirm diagnosis or chemotherapeutic
cure. We hope that by defining the areas requiring
further research and evaluation we shall help in
stimulating other workers to become more active
in this important aspect of helminthology.

This study was initiated and supported by the
World Health Organization as part of its global
programme on the control of bilharziasis. Now

that a world-wide attack on malaria has produced
a regression of that disease, the probability exists
that bilharziasis may become the most important
parasitic infection of man. Control of this disease
is a very difficult task; and treatment offers equally
perplexing problems. We hope that this review of
serological methods will prove useful to other
workers throughout the world in planning their
personal research programmes. Certainly, all who
study it should be made cognizant of the fact that,
in spite of the tremendous amount of work already
done, many problems on the serology and diagnosis
of bilharziasis are yet to be resolved.

RI2SUMf!

Le diagnostic de la bilharziose qui, A la phase aigue
peut se faire facilement par la recherche des ceufs dans
l'urine ou les feces, est plus difficile durant la phase chro-
nique, car les oeufs de schistosomes s'y rencontrent moins
frequemment.
Dans les enquetes epidemiologiques, on recourt depuis

longtemps aux techniques serologiques, utilisant divers
antigenes. La preuve serologique n'etant pas absolue
comme 1'est la pr6sence d'ceufs dans les excretions, il ne
faut se fier qu'A des epreuves tres sensibles, specifiques,
dont les resultats soient 6values avec soin.

Les auteurs de cet article passent en revue les divers
tests immunologiques et font leur analyse critique, en
s'arretant plus longuement au test intradermique et A la
fixation du complement, qui sont les plus usites. Ils
d6crivent les techniques de preparation des reactifs anti-
geniques provenant de schistosomes - ceufs, miracidies,
cercaires, vers adultes. Ils mentionnent les avantages et
desavantages de chacun des tests, les limites de leur
application et les recherches qu'ils demandent encore.

Les malades atteints de bilharziose peuvent pr6senter,
A un stade pr6coce de la maladie dejA, une sensibilite
cutanee sp6cifique due A la presence d'anticorps dans le
sang circulant, qui peut persister des annees, meme apres
traitement. Elle peut etre mise en evidence par l'injection
d'un antigene schistosomique. Apres avoir discute la
preparation de l'antigene et la technique du test, les

auteurs concluent que, chez l'adulte, ce test revele plus
de cas positifs que 1'examen parasitologique, tandis que,
chez l'enfant, il est moins sensible, surtout *'il est effectu6
sur l'avant-bras. Le test intradermique ne permet pas,
A lui seul d'etablir un diagnostic certain, puisqu'il reste
positif des annees apres la gu6rison. I1 peut etre utile
comme auxiliaire d'autres tests serologiczues, surtout
s'il existe des signes cliniques et que l'examen des feces
soit n6gatif. Un test intradermique positif justifie un
nouvel examen parasitologique. Le taux sup6rieur de
fr6quence de l'infection que l'on obtient par ce test
compare aux examens de feces - est probablement plus
proche de la realite.
Le test de fixation du compl6ment, pour lequel diffe-

rents antigenes sont utilis6s, est hautement sensible et
specifique sous sa forme quantitative. I1 est positif aux
stades precoces de la maladie et le reste dans les stades
chroniques avanc6s. Ses resultats concordent le plus
souvent avec ceux du test intradermique, mais il ne peut
A lui seul confirmer un diagnostic 6tiologique ou permettre
de distinguer une infection active.
Le test des precipitines, le test circumoval, celui de

l'enveloppe des cercaires, le test d'immobilisation des
miracidies, le test d'hemagglutination et celui de flocu-
lation sont successivement examines.
Parmi les sujets qui demandent des etudes plus appro-

fondies, les auteurs suggerent: la pathogenicite de la
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bilharziose en fonction des groupes sanguins humains;
la composition chimique des antigenes, la specificite dans
ses rapports avec la biochimie; 1'hemagglutination indi-
recte; la floculation de la bentonite; la mise au point
d'un antigene etalon pour le test d'h6magglutination; les
enzymes des schistosomes (en particulier la transaminase
glutamique-oxalacetique).

L'6valuation des r6sultats pr6coces du traitement
demande que l'on cherche des criteres dans d'autres
tissus que le sang. On n'a guere etudie encore les anticorps
non sanguins - ceux des muqueuses des voies g6nitales
et les coproanticorps, par exemple - qui pourraient con-
duire a des methodes d'evaluation de la chimioth6rapie
plus pratiques que celles dont on dispose aujourd'hui.
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