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The Nature of Fluorescent Antibody Reactions
in Infections and Artificial Immunizations

with Schistosoma mansoni*
ELVIO H. SADUN,' ROBERT I. ANDERSON 2 & JOSEPH S. WILLIAMS 3

This paper describes studies in which Schistosoma mansoni eggs, miracidia, cercariae,
schistosomula and adults were fixed with formol and stained with antibodies labelled with
fluorescein isothiocyanate. The cuticle of the cercariae, cuticle of the schistosomula and
ciliated epithelium of the miracidia were consistently and specifically reactive with labelled
immune serum. In cercariae fixed with acetic acid and subsequently treated with immune
serum followed by exposure to labelled antispecies globulin, the post-acetabular glands and
ducts assumed a bright fluorescent stain. Absorption of sera that were reactive in the
fluorescent antibody test and the cercarial slide flocculation test with antigen used in the
latter removed the antibody reactive in both tests.

The reproducibility ofresults with the indirectfluorescent antibody technique, employing
different pools of cercariae and various lots of labelled antiglobulins, comparedfavourably
with that in other serologicalprocedures employing whole organisms. A correlation between
the early appearance offluorescent antibodies and the size of the cercarial inoculum was
observed in Rhesus monkeys and albino mice. Fluorescent antibodies were detected much
earlier in animals which are naturally resistant to S. mansoni infection. No fluorescent
antibodies were detected in sera from infected St. Kitts and West African green monkeys,
which are very susceptible to the disease.

Schistosomula recovered from tissues gave identical results in the FA test to those
obtained with the free-living cercariae and miracidia.

The process of " staining " micro-organisms with
fluorescent tagged antisera has been developed by
Coons, Creech & Jones (1941). Coons et al. (1942)
demonstrated that soluble pneumococcal poly-
saccharide could be stained in sections of tissues from
infected mice. This fluorescent antibody (FA)
technique is applicable to whole specimens and
sectioned tissues and possesses serological specificity.
Therefore the potentialities of this procedure for
research in microbiology are enormous.
Most fluorescent antibody work reported up to

the present time has been based on the use of
fluorescein isocyanate as the labelling agent. Re-
cently, the isothiocyanate derivative of fluorescein
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was synthesized and described as a substitute for the
original compound (Marshall et al., 1958; Riggs et
al., 1958). The new reagent is available commer-
cially as a stable product and can be used without
difficulty even by relatively small, modestly equipped
laboratories. Usually, fluorescein is the label of
choice because of its efficiency and because its
yellow-green colour is rarely encountered as auto-
fluorescence in normal tissues.

Other dyes which fluoresce in the red portion of
the spectrum have been employed advantageously as
labels for proteins. One of these, lissamine rho-
damine RB 200, when conjugated with bovine
albumen (RBA) has been used very effectively by
Smith et al. (1959) as a contrasting fluorescent dye
and as a counterstain in fixed tissue preparations.

Several FA staining procedures have been used
by various investigators depending upon the object-
ives of the research. The direct staining is the
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simplest form and consists of the application of
labelled antibodies to the fixed antigen. The indirect
staining was described by Weller & Coons (1954) and
is based on the fact that the unlabelled antiserum
plays the role both of antibody in the primary
reaction and of antigen in the secondary reaction.
The indirect technique is particularly useful in
permitting titrations of the antibody and necessitating
labelling only that antiglobulin which is used as an
indicator of specific combination between antigen
and unlabelled antibody.

In the field of helminthology, the fluorescent anti-
body technique had been used only by Jackson
(1959, 1960) to locate antibody binding sites in
Trichinella spiralis and Nippostrongylus muris. The
modification and application of this procedure to
the serological diagnosis of bilharziasis represents the
first successful attempt to add this important tool
to those already available for the immunodiagnosis
of human helminthiases. Some of these results have
been reported in a preliminary form elsewhere
(Sadun et al., 1960, 1961; Anderson et al., 1961a,
1961b).
The current report presents the results of studies

in which the fluorescent antibody technique was
used to stain the various stages in the life-cycle of
Schistosoma mansoni. Furthermore, in the present
work attempts were made to absorb fluorescent
antibody from reactive sera, to determine the
reproducibility of specific immunological staining
and to determine the time of initial appearance of
fluorescent antibody in experimental animals with
different degrees ofnatural resistance to this infection.

MATERIALS AND METHODS

Animals and antisera
The parasite, Schistosoma mansoni, was main-

tained in a colony of pathogen-free Swiss albino
mice which had been exposed to the appropriate
number of cercariae by tail immersion. Antisera to
S. mansoni were obtained from infected mice and
monkeys.' The monkeys were infected by placing
cercariae in small areas on the shaved lower abdo-
men, with the animals immobilized on restraining
boards. Rabbit cercarial antisera were obtained by

1 Dr P. E. Thompson, Laboratory Director in Parasito-
logy, Parke, Davis & Co., Ann Arbor, Mich., kindly supplied
the sera from the West African monkeys and Dr L. S. Ritchie,
Chief, Parasitology Department, U.S. Army Tropical
Research Medical Laboratory, APO 851, N.Y., N.Y., kindly
furnished the sera from the St. Kitts monkeys.

artificial immunization with four intravenous ino-
culations of 0.3 ml of 1: 1000 lipid-free cercarial
antigen in nine days.

Collection of schistosome materials
Eggs. The mature eggs were obtained from

infected mouse livers following a procedure similar
to that described by Oliver-Gonzalez (1954) except
that 1.70% saline was used rather than tap water
during grinding in the Waring blendor.

Miracidia. A modification of the technique
described by Hoffman et al. (1934) and adapted by
McMullen & Beaver (1945) was employed to collect
needed numbers of miracidia.

Livers from infected mice were homogenized in
hypertonic salt solution (1.7%) and the suspension
was strained through a single layer of gauze into a
pharmaceutical graduated flask. After sedimenta-
tion, the supernate was carefully decanted and 1.7%
salt solution was added. The procedure was repeated
several times until the supernate was clear. The
sediment was then transferred to a beaker which was
filled with dechlorinated tap water. Since miracidia
are phototropic, they could be accumulated in a
small area by passing a beam of light towards one
point on the surface while the rest of the beaker was
kept in the dark. By this method, approximately
1000 miracidia could be easily collected from each
mouse liver. The miracidia were collected by means
of a capillary pipette and transferred to test-tubes
for fixation and staining.

Cercariae. Laboratory-reared and infected Austral-
orbis glabratus were used as the source of cercariae
for these studies. Infected snails were kept at room
temperature and in the dark. Their diet consisted
of a formula of Cerophyl,2 wheat germ, Glandex3 and
powdered milk supplemented with fresh lettuce.
Cercariae were obtained by placing the infected
snails in beakers containing a measured volume of
dechlorinated tap water and exposing them to
artificial light for several hours. Normally 40-50
infected snails were placed in 150 ml of water and
shedding of cercariae was allowed to proceed until a
concentration of between 200 and 400 cercariae
per ml was obtained. The snails were removed from
the beakers and returned to the aquarium in the dark.
Snails were shed two to three times weekly. After

2Dehydrated cereal grass leaves (Cerophyl Laboratories
Inc., Kansas City, Mo., USA).

3Tropical fish food containing bone, fish, shrimp, crab
and bovine liver meal (Long Life Fish Food Products, Union
City, N.J., USA).
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the snails were removed from the beakers, the cer-
carial suspension was allowed to stand undisturbed
until snail faeces had settled to the bottom. The
supernate containing the living cercariae was gently
transferred to a 500-ml pharmaceutical graduate.

Schistosomula. Schistosomula were obtained from
ears of mice approximately two hours after applica-
tion of cercariae.1 The schistosomula were collected
in saline, washed, and fixed in 10% formol to which
rhodamine bovine albumin had been added.

Adults. Adult schistosomes were obtained from
mice sacrificed eight to ten weeks after exposure by
tail immersion to approximately 100 cercariae each.
The Perf-O-Suction technique (Radke et al., 1961)
was used for recovering the schistosomes. After
repeated washing in saline, some worms were used
alive, others were fixed in 100% formol.

Fluorescent staining

In the direct technique known specific antisera
were conjugated with fluorescein isothiocyanate and
dialysed against 0.01 M phosphate buffer saline
(PBS),2 at a pH of 7.0-7.2 until the dialysate was
free of fluorescein. The conjugated serum was
stored frozen or lyophilized for further use. Tagged
antisera, previously absorbed with dried powdered
mouse liver and then titrated, were placed in contact
with the schistosome material, rinsed with PBS to
remove excess serum, then mounted in glycerol 3

and read under a fluorescence microscope.
In the indirect technique, cercariae fixed in 10%

formol were washed twice with PBS and incubated
with test sera that had previously been heated at
560C for 30 minutes. Following the incubation
period the cercariae were washed twice and then
exposed to 0.1 ml of previously titrated fluorescein-
labelled antispecies globulin for 15 minutes on a
slide rotator. After further washing, the cercariae
were mounted on glass slides in buffered glycerol,
surmounted with a cover-slip and blotted gently to
remove excess fluid.

Controls for the direct method included schisto-
some materials exposed to tagged normal serum, to
absorbed immune tagged serum, to unlabelled

1 Commander M. A. Stirewalt, USN, Naval Research
Institute, Bethesda, Md., kindly collected the schistosomula.

' PBS: 0.1 M Na.HPO4 127.0 ml, 0.1 M NaH.PO, 73.0 ml,
8.5 % NaCl 200.0 ml, distilled H,O to make 2000.0 ml.

3Buffered glycerol: Glycerol ACS 90.0 ml, 0.01 M PBS
10.0 ml, adjust pH to 7.2 with 1.0 N NaOH.

immune serum, and to diluted antiserum. Controls
for the indirect method included the exposure of
schistosome materials to formol only, antisera only,
normal serum only, normal serum followed by
labelled antiglobulin, immune serum followed by
labelled antiglobulin, and labelled antiglobulin only.

Preliminary observations indicated that few, if
any, positive reactions were missed when antisera
were tested at a dilution of 1: 4 in the indirect test.
Conversely, when undiluted sera were used, a few
doubtful reactions were observed among the speci-
mens from uninfected controls. Therefore, through-
out these experiments, an initial dilution of 1: 4 was
used in the FA test.

In those experiments involving counterstaining or
preservation of cercariae one part of RBA was
added to approximately 25 parts of cercarial suspen-
sion before the cercariae were fixed. In the course
of those experiments, cercariae were fixed with
heat, ethyl alcohol, formalin, methanol, India ink,
polyvinyl alcohol (PVA), acetic acid, and gelatin.

Visualization

FA staining of schistosome material was visualized
in near ultraviolet light. The degree of fluorescence
was estimated according to criteria described
previously (Fife & Muschel, 1959). The Zeiss
Fluorescent Microscope, illuminated by an air-
cooled mercury vapour lamp (Osram HBO 200) was
used. The complete Zeiss fluorescent assembly
was employed, including lamp with four excitor
filters and microscope with filters in the intermediate
tube containing six combinations which cover the
entire ultraviolet range. Photomicrography was
done by use of a photo-electric cell especially
designed for the Zeiss assembly, a four-stage amplifier
and a 35-mm camera. The appropriate time for
each exposure was determined by trial and error.

Best photographic results were obtained at expos-
ures ranging from 4 to 8 seconds with UG-5 excitor
filter and barrier filters Special Orange 1 (upper),
Special Yellow (lower) at high power objective
(Neofluar 16/0.40) on colour film with an ASA
rating of 100.

Cerearial slide flocculation test (SF)

This test using cercarial antigen adsorbed on to
cholesterol-lecithin crystals was performed with
close adherence to the methods described by Ander-
son (1960). The antigen was prepared by the method
described by Chaffee et al. (1954) and modified by
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Anderson (1960). Lipids were removed in cold
anhydrous ether and the remainder was extracted
in triethanolamine buffered saline (pH 7.1).

Absorptions
Sera to be used for absorption were first titrated

in the quantitative slide flocculation and FA tests,
after which representative sera were selected at high,
intermediate and low SF titres. Absorptions of
antisera were conducted with antigen adsorbed on to
cholesterol-lecithin crystals since it has been shown
(Anderson, 1961) that this method offers minimal
dilution of the serum and makes it possible to
estimate beforehand the amount of antigen required
to remove the reactivity of sera to the SF test by a
single absorption. Calculations of the volume of
antigen required for absorption of 1 ml of serum
were based upon the relationship of the volumes of
these components in the SF test and upon the titre
obtained in the serum. The serum to be absorbed
was added directly to the washed packed antigen
in the tube so that the dilution factor was insignifi-
cant. Absorption was performed on a rotating
machine (220 r.p.m.) at room temperature (22°-
240 C) for one hour. The absorbed serum was
retested in the SF and the FA tests.

EXPERIMENTAL RESULTS

Eggs, miracidia, cercariae and adults of S. mansoni
were stained by fluorescein-tagged antisera. Bright-
est fluorescence and greatest uniformity of results
were obtained with miracidia and cercariae. A
considerable brownish autofluorescence was observed
in the eggs which at times masked the specific
fluorescein reaction. Autofluorescence of eggs in the
ovaries of adult females and traces of tagged sera
left in various locations of the worms of both sexes,
even after repeated rinsings, made it difficult to
differentiate between the results obtained with the
labelled immune and normal sera.
A striking degree of fluorescence was observed in

both miracidia (Fig. 1) and cercariae (Fig. 4) in the
presence of immune sera both by the direct and the
indirect techniques. This contrasted vividly with
the lack of fluorescence (Fig. 2 and 5) in the same
systems but with normal sera. Organisms killed
with heat, ethyl alcohol, methanol and acetic acid
alone or in combination with India ink, PVA and
gelatin gave generally unsatisfactory results. Best
results were obtained when the cercariae and mira-
cidia were fixed in 10% formol prior to exposure to

the labelled antiserum. A heavy fluorescent pre-
cipitate formed around the cercarial cuticle (Fig. 4).
In the miracidia (Fig. 1), the ciliated epithelium and
the cilia were also brightly stained. Underneath
this coating of staining at the cuticular and epithelial
level, the bodies of the cercariae and of the miracidia
remained colourless. When miracidia and cer-
cariae were exposed to RBA previous to fixing in
10% formol, the organism assumed a bright-red
coloration (Fig. 3 and 6) which contrasted very
vividly with the specific yellow-green epithelial or
cuticular fluorescence present in organisms exposed
in the RBA and to the tagged antisera (Fig. 7 and 8).
Cercariae fixed with 10% acetic acid and subse-
quently treated with labelled antiglobulins were
stained internally even in the presence of normal
sera. The post-acetabular glands and ducts assumed
a bright fluorescent staining, which contrasted
markedly with the rest (Fig. 9). Frequently a mass of
fluorescent precipitate was observed at the oral end
of the cercariae. This precipitate was observed
regardless of whether the cercariae had been exposed
to immune or to normal sera. No fluorescence was
observed when the parasites were incubated alive in
labelled antisera.

Schistosomula teased out of the tissues of animals
previously exposed to cercariae reacted in the FA
test in a manner similar to that of the free-living
forms (miracidia and cercariae). To the authors'
knowledge, this is the first time that the same
serological reaction has been observed with the
schistosomula from tissue and the miracidia or
cercariae in water.

Fifteen human sera which reacted in the slide
flocculation test (SF) with titres from 1: 1 up to 1: 16
were selected for an absorption experiment to
determine whether the fluorescence of cercariae
treated with labelled antisera was due to a true
antigen-antibody reaction. As indicated in Table 1,
nine of these sera which were tested quantitatively
with cercariae in the FA test reacted from weakly
positive at 1: 1 to positive at a titre of 1: 64. The
15 sera were incubated for one hour at room tem-
perature with cercarial antigen adsorbed on to
cholesterol-lecithin crystals in amounts based upon
the titres obtained in the SF test. Since the minimum
amount of antigen per ml of serum necessary to
absorb the antibodies in the SF test is equivalent to
one-half of the reciprocal of the titre in volume
(Anderson, 1961), amounts varying from 0.5 ml
to 8 ml of antigen were used. After absorption all
sera failed to react with either the FA or the SF test,
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TABLE 1

RESULTS OF ABSORPTION WITH CERCARIAL ANTIGEN
OF SERA FROM INFECTED HUMANS AND ARTIFICIALLY

IMMUNIZED RABBITS

Tltre before Ml of choles- Titre after
Serum No. absorption a2 terol-lecithin abopin1

antigen per ml asrtoFA SF of serum FA SF

Human sera

1 WR 1:4 2.0 - -

2 1:4 1:1 0.5 - -

3 1:4 1:2 1.0 - -

4 1:16 1:1 0.5 - -

5 1:16 1:1 0.5 - -

6 1:16 1:8 4.0 - -

7 1:64 1:8 4.0 - -

8 1:64 1:16 8.0 WR -

9 1:64 1:16 8.0 _ _

10 R 1:8 4.0 - WR

11 R 1:2 1.0 _ _

12 R 1:1 0.5 _ _

13 R 1:4 2.0 _ _

14 R 1:4 2.0 _ _

15 R 1:16 8.0 - _

Rabbit sera

6 lb Rabbits 1:4 1:2 1.0 -

l1lt, ,, 1: 256 1:4 2.0 1:64 1:1

113 I' ,, 1:64 1:8 4.0 1:4 WR

the first injection. After absorption with the same

antigen as that employed for the immunization of
the rabbits, the titres of these sera in the FA test
were reduced at least fourfold.
A comparison of the titres obtained with the FA

test employing cercariae and with the slide floccula-
tion test was performed on specimens from infected
humans and from experimentally infected monkeys
and mice. Very strong reactions at high titres (up
to 1: 4096) were observed with sera from infected
mice. In general, sera from humans and mice
developed significantly higher FA than SF titres.
This was not the case with experimentally infected
monkeys. One specimen from an infected human
was negative with the FA test and positive with a

titre of 1: 4 with the SF test. Conversely, two
specimens from infected mice were negative with the
SF test and positive with titres of 1: 16 and 1: 256
with the FA test.

In order to obtain some information on the
reproducibility of results with the FA test, serum

pools from infected humans, monkeys and mice, in
addition to uninfected controls, were each divided
into aliquots and tested at different times with
different lots of cercariae but with the same lot of
antiglobulins for the respective species. As indicated
in Table 2, the results were reproducible. Only one

of 32 specimens from non-infected monkeys gave a

positive reaction (titre 1: 4). Conversely, none of
the 61 specimens from proven infections was nega-

tive. The degree of variability was less in mice,
where higher titres were more frequently observed
than in humans and monkeys.

a R = Serum was strongly reactive at I

Weak reaction with undiluted serum.
b I Immunized.

:4 dilution. WR =

except for serum No. 8, which had a titre of 1: 64
before absorption and gave a weak reaction at full
strength in the FA test after absorption, and serum

No. 10, which gave a weak reaction in the SF test
after absorption. Both sera gave negative reactions
after a second absorption with antigen. Incubation
of sera with cholesterol-lecithin crystals without
adsorbed antigen failed to reduce their reactivity.
As a further indication of the serological specificity

of this reaction, three rabbits were artificially im-
munized with cercarial antigen, tested for reaction
in the FA test and absorbed with cercarial slide
flocculation antigen (Table 1). These sera became
positive with a titre up to 1: 256 within 12 days after

TABLE 2
RESULTS OF REPEATED FA TESTS OF SAME S. MANSONI

AND NORMAL SERA WITH DIFFERENT LOTS OF
CERCARIAE

Number Number of times given titre
Serum specimen of times was obtained aS tested 0 4 8 16 32 64 256 1024

Human, infected 12 0 0 2 3 5 2 0 0

Human, normal 12 12 0 0 0 0 0 0 0

Monkey, infected 27 0 0 6 10 7 4 0 0

Monkey, normal 32 31 1 0 0 0 0 0 0

Mouse, Infected 22 0 0 0 0 0 4 13 5

Mouse, normal 41 41 0 0 0 0 0 0 0

a Titre expressed as reciprocal of highest serum dilution
yielding at least a 2+ fluorescence.
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TABLE 3

INITIAL APPEARANCE AND TITRE OF FLUORESCENT
ANTIBODIES IN RELATION TO INTENSITY OF S. MANSONI

INFECTION IN RHESUS MONKEYS

Number FA test after exposure (weeks)
cercariae

per monkey 2 3 4 5 6 7

75 - - - - ± 4

300 - - - 4 NDa 256

500 - + ± 4 16 256

700 - ± 16 64 64 16

a ND = Not done.

TABLE 4

INITIAL APPEARANCE AND TITRE OF FLUORESCENT
ANTIBODIES IN RELATION TO INTENSITY OF S. MANSONI

INFECTION IN MICE

Number FA test after exposure (weeks) Titre a
cercariae (0wes
per mouse 3 4 5 6 7 8 9 (10weeks)

5 0 0 0 0 0 0 0 0

10 0 0 0 0 0 2+ 2+ 16

20 0 0 0 0 2+ 2+ NDb NDb

40 0 0 1+ 1+ 2+ 2+ 2+ 32

80 0 0 2+ 2+ 2+ 3+ 3+ 64

160 0 0 3+ 3+ 3+ 3+ NDb 64

a Serum pools from all mice in group.
b ND = Not done.

To determine whether the FA serological response
varied in different species of animals, 14 monkeys
of three species and 140 mice were exposed to
various doses of cercariae. All animals were bled at
weekly intervals. Whereas the same monkeys were
used throughout the experiment, mice which had
been exposed simultaneously to 125 cercariae each

TABLE 5

THE DEVELOPMENT OF FA ANTIBODIES
IN EXPERIMENTALLY INFECTED ANIMALS

M

Animals Num- Cer-
ber cariae

onkeys

Rhesus 1 50

Rhesus 2 300

Rhesus 1 500

Rhesus

St Kitts a

St. Kitts b

West Afri-
can green c

West Afri-
can green d

Mice

5

2

I

140

700

200

100

500

1 000

125

First
positive
FA

(weeks)

7

5

5

4

5

Duration
Peak FA of

titre experi-
1: weeks ment

(weeks)

64

256

1 024

256

8

6

14

6

4096 10

16

30

15

56

52

43

54

51

20

a Tested only one year after exposure; eggs in stools.
b Tested 22 and 43 weeks after exposure; eggs in stools.
c Tested 47 and 54 weeks after exposure; eggs in stools.
d Tested 27,38,43, and 51 weeks after exposure; eggs in stools.

were sacrificed at weekly intervals (3-4 animals) and
the blood was pooled for serological testing by the
FA and SF methods. Stool examinations were
conducted on all animals to determine the course
of the infection.
As indicated in Table 3, FA antibodies were

detected in Rhesus monkeys as early as 3-4 weeks
after infection. The time interval between exposure
and the initial appearance of antibodies was inversely
related to the number of cercariae to which the
monkeys were exposed. Similar results were obtained
in albino mice (Table 4); antibodies were detected
as early as five weeks and appeared related to the
number of cercariae in the inoculum. The titres
increased rapidly and reached a peak at 6-14 weeks
after exposure (Table 5).

Legends to colour-plate
Fig. 1. Miracidium in immune serum.
Fig. 2. Miracidium in normal serum.
Fig. 3. Counterstained miracidium in normal serum.
Fig. 4. Cercaria in immune serum.
Fig. 5. Cercaria in normal serum.

Fig. 6. Counterstained cercaria in normal serum.
Fig. 7. Counterstained miracidium in immune serum.
Fig. 8. Counterstained cercaria in immune serum.
Fig. 9. Cercaria fixed in acetic acid. (Note fluorescence in the

internal structures.)
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The antibody titre remained unchanged or
decreased very gradually after reaching the peak.
Positive serological results remained for the duration
of the experiment, more than one year after exposure
to cercariae.

In laboratory-infected St. Kitts and West African
green monkeys no fluorescent antibodies were
detected, although SF antibodies at low titres were
produced. Numerous eggs were present in stools.

DISCUSSION

The data presented here indicate that the labelled
antibody technique can be successfully applied to
bilharziasis. Miracidia and cercariae are favourable
objects for study because they are free-living stages
in the life-cycle of the parasite, can be collected
readily in large amounts, and have a structure
enabling the observer to correlate any observed
staining with its location. The size of these organisms
is also ideally suited for fluorescent antibody studies.
In small objects such as viruses and bacteria the
few specks of stain are often difficult to evaluate and
fade rapidly after excitation with ultraviolet light.
Conversely, in large objects such as adult worms, the
dye is frequently enmeshed within the body inde-
pendently of specific histochemical reactions.
The sites which were consistently reactive with

labelled immune serum were the cuticle of the cer-
cariae and the ciliated epithelium of the miracidia.
The fluorescent precipitate often observed at the oral
end of cercariae in the presence of labelled normal
and immune serum does not necessarily mean that
these are entirely non-specific reactions. As sug-
gested by Jackson (1960), working with Nippo-
strongylus muris larvae, an excessive incorporation
of normal serum components may mask a specific
reaction with the excretory antigens. This may also
apply to the reactions observed in the post-acetabular
glands and ducts of the cercariae fixed with acetic
acid. The specific cuticular and epithelial localiza-
tion of fluorescent antisera in killed specimens and
the lack of FA staining in living organisms indicates
that the intact membranes prevent the various
antigens from coming in contact with the serum.
This may indicate that the metabolic products of
the parasites rather than the somatic constituents
are the antigens primarily responsible for stimulating
antibody production by the host.
The rather extensive absorption studies indicate

that the cuticular fluorescence of cercariae in the
presence of labelled antiserum no longer occurs

when anticercarial antibodies have been removed
from the serum. This is taken as evidence of the
fact that the specific fluorescence is given by antigen-
antibody precipitates resulting from a reaction
between anticercarial antibodies in the host's serum
and antigens seeping through the cuticle of the
cercariae. The amount of antigen required to
absorb the fluorescent antibodies from a reacting
serum is equal to or less than the amount required
to absorb antibodies reacting to the cercarial
flocculation test.
The value of this FA reaction for diagnostic pur-

poses has already been shown (Sadun et al., 1960,
1961; Anderson et al., 1961a, 1961b). In humans as
well as in the experimentally infected animals,
consistently higher titres were observed with the
FA than, with the SF test. There were a few sera
which gave positive reactions with the FA test and
negative with the SF test, and vice versa. This is
consistent with findings in other serological pro-
cedures in schistosomes (Jachowski & Anderson,
1961). Preliminary observations on nearly 230
human sera (Sadun et al., 1960) failed to reveal
significant differences in sensitivity and specificity
between the two tests. The reproducibility of
results with the FA test employing different lots
of cercariae and of labelled antiglobulins was
remarkably good and compared very well with that
of various serological tests employing whole or-
ganisms such as the miracidial immobilization test,
the circumoval test, the cercarial agglutination test,
and the Cercarien Hiillen Reaktion, or cercarial
envelope reaction (Senterfit, 1953; Oliver-Gonzalez,
1954; Liu & Bang, 1950; Vogel & Minning, 1949;
Kagan & Pellegrino, 1961).

Fluorescent antibodies in experimentally infected
Rhesus monkeys and mice were detected 4-7 weeks
following exposure to cercariae. A possible correla-
tion between the early appearance of fluorescent
antibodies and the size of the inoculum was observed.
Some significance may be attached to the fact that
fluorescent antibodies were not detected in the
St. Kitts and West African green monkeys. St. Kitts
and West African green monkeys are very susceptible
to this infection and usually do not recover spon-
taneously, as do the Rhesus monkeys. These limited
observations might indicate that the antibody detected
in the FA test may be related to acquired resistance.
The similarity of observable reactions in the FA

test between the free-living and parasitic stages of
the schistosome life-cycle are of great interest.
Whereas the miracidia and cercariae live in water,

11
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water is lethal to schistosomula. Conversely,
schistosomula live on serum, which is toxic to
cercariae. Repeated experiments (Stirewalt, 1961)
have indicated that schistosomula do not form
envelopes in vitro (Cercarien Hullen Reaktion) in
serum from infected mice even after so short a
period as 15 minutes following skin penetration.

This apparent difference may be interpreted as
indicating either that different antigen-antibody
complexes are operating in the FA and the Cercarien
Hullen Reaktion, or that fixation in formol altered
the permeability in such a way as to permit antigenic
substance within the organisms to come in contact
with the antibodies in the surrounding serum.

RESUME

Les auteurs ont cherche a appliquer la technique des
anticorps fluorescents au diagnostic de la bilharziose
humaine, en utilisant les divers stades de d6veloppe-
ment de Schistosoma mansoni (ceufs, miracidies, cercaires,
schistosomules, vers adultes). La cuticule des cercaires,
celle des schistosomules et 1'epith6lium cilie des miracidies
ont reagi de faion constante et specifique avec les s6rums
marques. Les resultats etaient moins nets avec les vers
adultes et les aeufs; chez ces derniers, une auto-fluores-
cence brunatre masque souvent l'immuno-fluorescence
specmifque.
La rapidite, la facilite d'execution et la securit6 de la

reaction avec les miracidies et les cercaires ont conduit
a la mise au point d'un test indirect d'immuno-fluores-
cence, pour le diagnostic de la bilharziose en laboratoire.
La r6action avec les antis6rums est inhibee si les anticorps
sont absorbes par les antigenes cercariens. Quinze sujets,
ayant r6agi au test des anticorps fluorescents avec des
titres de 1: 64 ont donne des resultats negatifs, apres
absorption des s6rums par une quantit6 calculee d'anti-
genes cercariens. La reproductibilite des resultats du test

indirect, utilisant divers pools de cercaires et divers lots
d'antiglobulines marquees est tres bonne, et supporte
favorablement la comparaison avec d'autres tests serolo-
giques employant les organismes entiers.
Un rapport existe entre l'apparition pr6coce des anti-

corps (# fluorescents* (susceptibles d'etre marques par une
substance fluorescente) et l'importance de la contamina-
tion, chez les singes rhesus et les souris. Les anticorps
# fluorescents* sont apparus d6ja 3-4 semaines apres l'in-
fection; cet intervalle de temps est en raison inverse du
nombre des cercaires infectant l'animal d'experience. Les
titres d'anticorps augmentent rapidement, pour atteindre
leur maximum 6-14 semaines apres contamination.

Les schistosomules extraites des tissus d'animaux ayant
requ des cercaires ont r6agi au test de fluorescence de la
meme maniere que les formes libres (miracidies et cer-
caires). C'est la premiere reaction serologique connue qui
soit commune a ces trois stades du parasite. Cette obser-
vation conduit les auteurs a des hypotheses sur l'existence
de divers types de complexes anticorps-antigenes, dans les
diverses r6actions s6rologiques applicables a la bilharziose.
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