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Fluorescent Antibody Methods and Their
Use in Malaria Research

A. VOLLER, Ph.D.'

In the past research into malaria immunity has been hampered by the relative inefficacy
of the standard serological techniques. The newer immunological tools, such as haem-
agglutination, immuno-electrophoresis and fluorescent antibody testing, have proved more
useful in the study of humoral immunity to malaria.

The author reviews the development of immunofluorescent methods and their application
to the study of malaria, and describes staining methods and the performance of the fluo-
rescent antibody test. The test is rapid, versatile, specific and relatively simple to perform,
and part of its appeal lies in the fact that the results are visually presented and can be
recorded by photography.

IMMUNITY TO MALARIA

The long history of studies on malarial immunity
has been characterized by periods of rapid progress
interspersed with quite lengthy periods of relative
inactivity (or consolidation). The last few years have
been notable for the renewal of interest in this field.
That acquired immunity to malaria did exist was

recognized by Stephens & Christophers (1900), by
Koch (1900) and by Plehn (1901) at the beginning
of this century. The latter saw that the indigenous
populations in Cameroon were relatively immune
after suffering from repeated infections. This
observation of the relative immunity of adults in
endemic zones has been confirmed many times
(Bruce-Chwatt, 1963).
The possible protective role of serum in this

acquired immunity was suggested early by the
curative passive transfer of serum from patients with
chronic malaria to those with acute malaria (Soti-
riades, 1917; Kauders, 1927), and was proved for a
simian malaria by Coggeshall & Kumm (1937).
Recently, in elegant experiments, Cohen et al. (1961),
Edozien et al. (1962), and McGregor et al. (1963)
have shown conclusively that the gamma-globulin
of the immune serum is the protective fraction of
the serum.

This evidence supports the contentions of Sinton
(1938) and Taliaferro & Mulligan (1937) that the
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immunity developed against malaria is not funda-
mentally different from that developed against non-
protozoal diseases. Others (Sergent et al., 1924)
considered that the type of immunity following
malaria was sufficiently different from that following
bacterial infections to justify the term " premuni-
tion ".
Many attempts were made to apply to malaria the

standard bacteriological serological techniques, such
as precipitation, agglutination and complement-
fixation. The rather disappointing results obtained
by these tests are dealt with in detail in the review
by Tobie (1964).
The newer immunological tools of haemagglutin-

ation, fluorescent antibody, and immuno-electro-
phoresis have also been employed recently in the
study of malarial immunity. It is difficult to assess
the value of the haemagglutination test at present,
as only one study has so far been published (Stein
& Desowitz, 1964). The fluorescent antibody test
has received wider attention and has been used by
a number of workers to study both antibody levels
and antigenic relationships in malaria. These
studies are dealt with later in this paper. The
results so far obtained by immuno-electrophoretic
techniques (Spira & Zuckerman, 1962; Zuckerman,
1964) suggest that these methods will prove very
useful for the antigenic analysis of plasmodia.
With the widening of malaria eradication pro-

grammes, the development of a means of measuring
immunity to malaria becomes more important. An
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immunodiagnostic tool could play an important
part both in assessing the effectiveness of eradication
programmes and in determining and following the
immune states of populations within those malaria-
free areas.

THE DEVELOPMENT AND APPLICATION OF
IMMUNOFLUORESCENT METHODS

The work of Coons et al. (1941) in attaching a
fluorescent label to serum globulin represented a
major break-through in the field of fluorescence
staining. A tool was provided with the specificity of
an immune process, and with the convenience of a
slide test suitable for microscopical examination.
The practical value was illustrated by Coons et al.

(1942), when they showed that pneumococcal antigen
could be located in tissues by this method, using
homologous hyperimmune rabbit globulin to which
fluorescein was attached. This one-layer procedure
has since been called the direct method, and is
graphically shown in Fig. 1. The specimen is over-
layered with the conjugated globulin, then is tho-
roughly washed. If the globulin contains antibody
reacting with antigen in the specimen, it is not
removed by the washing, as any heterologous
globulin would be. The sites of antigen can be
located by their fluorescence when observed on the
fluorescence microscope.

In this technique of microscopy the object is
illuminated by ultraviolet rays, produced by a
high-pressure mercury vapour arc. Visible light
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rays are stopped by a primary filter but the ultra-
violet rays pass through to excite in the dye, used as

a label, a fluorescence of a visible wavelength. A
fluorescence microscope differs from a conventional
light microscope in its light source, optical filters
and the dark-field type of condenser.
During the 1940s this method was neglected, but

in 1950 the first report of its application to a virus
system was published (Coons et al., 1950). Further
improveements in the conjugation of fluorescein to
protein were also made (Coons & Kaplan, 1950).
The wider applications of the technique were

indicated by such work as that of Marshall (1951),
who was able to demonstrate the distribution of
adrenocorticotrophic hormone. In the following
years, the method was applied to a wide variety of
systems, but it was not until 1954 that any important
improvements were made in the techniques. In this
year, Weller & Coons (1954) applied unlabelled
human immune globulin to a tissue containing the
antigen. After washing, fluorescein-labelled rabbit
antihuman globulin serum was overlayered. This
is known as the double-layer or " sandwich "
technique, or the indirect fluorescent antibody
method (Fig. 2). It is obvious that this method has a

distinct advantage over the direct method, in that
only one conjugate is necessary for each species
which is used for production of immune sera.

Moreover, small amounts of sera can be tested, and
any loss in antibody titre due to conjugation is
avoided (Nairn et al., 1959). Various estimates of
the relative sensitivity of the direct to the indirect
method suggest that the indirect technique is from
four to twelve times as sensitive (Coons, 1958;
Pressman et al., 1958). In theory, there is no reason

why further intermediate serum layers should not
be used, but troublesome background staining would
probably offset any increase in sensitivity.
Yet another method of indicating antibody is the

inhibition test (Goldman, 1957b). The principle of
this test is that, if excess unlabelled specific antibody
is mixed with the same conjugated antibody and
the mixture then applied to the antigen, there will be
competition for antigen sites, resulting in inhibition
of fluorescence (Fig. 3). If, however, the test serum

contains no specific antibody there will be no

inhibition of fluorescence (Fig. 3).
Goldwasser & Shepard (1958) reduced the neces-

sity of conjugation to a minimum. They conjugated
fluorescein to an anticomplement serum, then used
this serum to stain complement taken up in various
antigen-antibody reactions. Since complement is

fixed in very many such in vitro antigen-antibody
reactions, the one labelled serum can be used as
universal indicator.

Sandwich methods have also been used in the
location of antibody in the tissue (Coons et al., 1955).
The sections are fixed, covered with a preparation
of the antigen for a period, washed and treated with
the specific labelled antiserum. The antigen will
attach to fixed-tissue antibodies, and that antigen
will react with the labelled antiserum, thus indicating
the tissue antibodies.
The use of fluorescent antibodies has become

widespread for the identification of antigen and
antibody sites in tissue, the identification ofunknown
organisms and determining the presence of certain
antibodies in test sera.

Recent comprehensive reviews of the above
applications in the field of bacteriology and virology
have been published by Coons (1958), by Borek
(1961) and in the excellent monograph of Nairn
(1962).

In spite of the extensive work being carried out
in other fields, it was not until 1953 (Goldman, 1953)
that any parasitic protozoon was studied by this
method. Goldman was able to differentiate two
species of Entamoeba, using specific fluorescent
antibodies. In later work he extended his studies
to other entamoebae, and developed techniques
whereby brightness of organisms could be measured
by microfluorometric methods (Goldman, 1960). It
was shown by Goldman (1957a) that Toxoplasma
gondii could be specifically stained, and from this
work he developed the fluorescence-inhibition test
for antibodies to Toxoplasma (Goldman, 1957b).

McEntegart et al. (1958) gave the first report of
the staining of parasitic flagellates by immuno-
fluorescence when they showed that Trichomonas
vaginalis could be distinguished from Trichomonas
foetus.

Fife & Muschel (1959) encountered difficulties in
developing slide tests for Trypanosoma cruzi, but
showed that a tube test could be used. Later workers
have, in fact, been able to use slide tests on flagellates
when appropriate fixation methods were employed.
(Sadun et al., 1963; Shaw & Voller, 1963; Voller,
1963b; Wietz, 1963; Williams et al., 1963).

APPLICATION OF FLUORESCENT ANTIBODY METHODS
TO THE STUDY OF MALARIA

The earliest report of the successful staining of a
malaria parasite by immunofluorescent means was
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FIG. 3
THE INHIBITION TEST AS INDICATOR FOR SPECIFIC ANTIBODY

ANTIGEN
O GLOBULIN-HOMOLOGOUS ANTIBODY
x GLOBULIN HETEROLOGOU5 ANTIBODY

I. FLUORESCEIN-LABELLED HOMOLOGOUS ANTIBODY
+EXCESS TEST SERUM

NEGATIVE
INCUBATE

RESULT :- INHIBITION OF FLUORESCENCE

.: TEST SERUM CONTAINS HOMOLOGOUS ANTIBODY

2. FLUORESCEIN-LABELLED HOMOLOGOUS ANTIBODY
+EXCESS TEST SERUM

POSITIVE
tJ:S INCUBATEA

RESULT:- NO INHIBITION OF FLUORESCENCE

A TEST SERUM DOES NOT CONTAIN HOMOLOGOUS ANTIBODY

347



348 A. VOLLER

by Brooke et al.,1 who showed that Plasmodium
berghei could be stained by the direct method using
fluorescein-labelled convalescent rat serum. In their
studies they reported that the cytoplasm of the
parasite and the surface of host cells fluoresced.
Jackson (1958) found that the intracellular parasites
rarely stained although the surface of infected blood
cells fluoresced. Voller (1962), studying the same
parasite, found that the cytoplasm of ring forms,
trophozoites and schizonts clearly stained, whereas
the nuclei did not. Furthermore, in addition to the
occasional staining of infected cell envelopes there
was a constant fluorescent stippling of the infected
host cells. This fluorescent stippling has been
reported in P. vivax and P. cynomolgi bastianellii
(Tobie & Coatney, 1961), in P. knowlesi, P. shortti
(= P. osmaniae) and P. gonderi (Voller, 1962) and in
P. falciparum, P. malariae, and P. ovale (Voller
& Bray, 1962).

Cross-reactions were reported between P. vivax
and P. c. bastianellii, but P. vivax conjugate stained
P. berghei less strongly (Tobie & Coatney, 1961).
Later work did indicate that maximum antibody
titres with the homologous P. c. bastianellii were
higher than with heterologous P. vivax, thus sug-
gesting some antigenic differences between these
(Tobie et al., 1962). Ingram et al. (1961) found that
there were no cross-reactions between P. gallinaceum
and P. c. bastianellii, and in later work Ingram &
Carver (1963) reported cross-reactions between a
number of primate plasmodia.

In extensive cross-reaction tests it was found that
the many malaria parasites could be placed in
immunospecific groups (Voller, 1962, 1963a; Voller
& Bray, 1963):

(a) Rodent: P. berghei, P. vinckei.

(b) Avian (1): P. gallinaceum, strains 8A and 8B.

(c) Avian (2): P. juxtanucleare, strains 14A and 14C.

(d) Primate: P. cynomolgi cynomolgi, P. cynomolgi
bastianellii, P. falciparum, P. gonderi, P. inui, P. shortti;
and P. vivax, P. ovale and P. malariae.

It cannot be stressed too strongly that the detection
of fluorescent-antibody cross-reactions does not
necessarily indicate any degree of functional cross-
immunity.

l Brooke, M. M., Melvin, M. & Healey, G. R. (1958)
Staining Plasmodium berghei with fluorescein-labelled anti-
bodies (Paper presented at the Sixth International Congresses
on Tropical Medicine and Malaria, Lisbon, 1958).

Immunofluorescent techniques have also been used
in the study of other stages of malaria parasites.
Ingram et al. (1961) showed that antibody prepared
against sporozoites could be used to stain the blood
stages of P. gallinaceum, and Ingram & Carver (1963)
demonstrated fluorescent staining of the exo-erythro-
cytic forms of P. c. bastianellii. These results are
indicative of some antigenic similarity between the
different stages of the malaria parasite. Voller &
Taffs (1963) stained the exo-erythrocytic forms of
P. gallinaceum in tissues prepared by the use of a
freeze-substitution technique (Balfour, 1961). This
latter work did not indicate whether the tissue and
blood stages have common antigens, since in this
avian infection it is possible that the immune sera
could have contained separate antibodies to both
stages.

In addition to the application in determining the
antigenic relationships between the malaria parasites,
the indirect fluorescent antibody technique has been
used for the detection and measurement of malarial
antibody. Kuvin et al. (1962a, 1962b) titrated the
antibody levels of patients with P. vivax or P. c.
bastianellii infections. Malarial antibody was
detected 15-23 days after sporozoite inoculation;
maximum titres were reached after four to six weeks,
and antibody was still detectable almost a year later.
The work of Voller & Bray (1962, 1963) indicated

that the fluorescent antibody test could be of use in
field studies. They measured the malarial antibody
levels of individuals in a population, in an endemic
area, at constant risk to falciparum malaria. High
antibody levels were found in cord blood; the levels
dropped over the first six months of the infant's
life, then remained at a low level until 30 months
of age. After this time, the malarial antibody level
steadily rose to a plateau which was reached at an
age of over 10 years. Individuals with a recent
history of clinical malaria had much higher titres.
Bray (1962) showed that serum eluted from blood
collected on filter-paper was suitable for testing for
malarial antibody.
Kuvin & Voller (1963), noting cross-reactivity of

P. c. bastianellii with human malarial antibody, used
this simian parasite as antigen in assessing the
malarial antibody levels of emigrants from endemic
areas. Low titres were found, thus reinforcing the
opinion that repeated infection is necessary to main-
tain high levels of malarial antibody. In view of the
scanty knowledge on this subject, it would be unwise
to interpret the antibody levels in terms of functional
immunity to malaria.
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METHODS OF FLUORESCENT ANTIBODY STAINING

Conjugation

When Coons et al. (1941) first linked fluorescein
to a serum globulin, they did it by means of an
isocyanate bond. The isocyanate preparation was
rather tedious, involving the synthesis of, first,
-nitrofluorescein, then aminofluorescein, which is
treated with phosgene to give the isocyanate of
fluorescein. The synthesis was long and not suitable
for general laboratory use because of the danger
from phosgene. Unfortunately, the fluorescein iso-
cyanate was unstable, and fresh synthesis was
necessary for each conjugation. These difficulties
were responsible for the delay in applying the method
more widely.
Goldman & Carver (1957) were able to preserve

fluorescein isocyanate in an active condition on
filter-paper at -20°C. Pieces of such labelled filter-
paper of the requisite size were brought in contact
with the globulin solution for the purpose of conju-
gation. Riggs et al. (1958) used thiophosgene in
place of phosgene, and so produced fluorescein
isothiocyanate. This compound can be stored for
long periods if kept dry, and gives satisfactory
labelling. In the present author's work fluorescein
isothiocyanate from various commercial sources was
used, and considerable variation was found in the
product. More recently, Rinderknecht (1960) has
described a method whereby fluorescein dispersed on
kieselguhr, an inert powder, is simply stirred into
the serum, resulting in rapid conjugation, due to the
wide surface-area of the dye available.
Although fluorescein was established as a con-

venient label for protein, others were sought for,
especially to provide a better contrast with tissue
autofluorescence. Chadwick et al. (1958) defined the
qualities that a useful fluorochrome should possess:
(a) it should react with protein without losing its
fluorescence; (b) it should have a high fluorescence
emission; (c) it should give a good contrast with the
background; (d) the conjugate should be stable;
(e) conjugation should be easy.
From their work, after testing a wide number of

*dyes, they decided that lissamine rhodamine (RB
200), which yields yellow orange fluorescence, was
suitable. They found that RB 200 conjugates could
be stimulated by the ultraviolet rays, and that good
contrast with the tissue autofluorescence resulted.
The only other dye to have been used extensively is 1-
dimethylaminonaphthalene-5-sulfonic acid (DANS),

a green-fluorescing label which was conjugated as
the sulfonyl chloride.
Much effort has been devoted to improving the

specificity of immunofluorescent staining and to
reducing non-specific staining. Whole labelled serum
can be used, but usually the globulin is separated,
as this reduces non-specific staining due to protein
reactions. The globulin can be separated either by
precipitation with ammonium sulfate or sodium
sulfate or by column fractionation methods. For
most work it is not necessary further to separate the
globulin into its components. Care must be taken
to remove all the precipitating agent, since traces of
this can interfere with conjugation (Kaufmann &
Cherry, 1961).

In the past, the process of removal of the ammo-
nium sulfate before conjugation and of the free
unreacted dye after conjugation was carried out by
extended dialysis taking up to one week. The step
can be speeded up by passage of the solutions through
columns of Sephadex G-25 1 (Zwaan & Van Dam,
1961). The Sephadex gel is packed in the form of a
column, to the upper surface of which the sample is
applied. The large molecules, such as proteins, are
excluded from the pores of the gel, whereas small
molecules diffuse into those pores. The net result is
that the protein passes rapidly through the column,
and any low molecular substances pass slowly, and
come out as a separate fraction.

Technical details of labelling
Labelling with lissamine rhodamine (RB 200). In

our work, the technique followed was that of
Chadwick et al. (1958). The RB 200 was obtained
from I.C.I. Ltd., in the form of mixture with dextrin.
The sulfonyl chloride is prepared by grinding, for
five minutes in a mortar, 0.5 g of the RB 200 with
1.0 g of PC15. To the mixture, 5.0 ml of dry acetone
are then stirred in, and the sludge is filtered off and
discarded. A fresh batch of the sulfonyl chloride is
prepared for each labelling.
For labelling, 5.0 ml of the serum are stirred

slowly, by means of a mechanical stirrer, in an
ice-bath at 4°C. 10 ml of bicarbonate-carbonate
buffer, 0.5M at pH 9.0, are mixed in. Over a
period of 15 minutes, 0.5 ml of the RB 200 sulfonyl
chloride solution is added drop by drop from a
pipette. The mechanical stirring is then continued
for a further 30 minutes. The mixture is then trans-

1 Sephadex is the trade name for a cross-linked dextran
gel, which can be used as a molecular sieve; AB Pharmacia,
Uppsala, Sweden.
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ferred to a dialysis sac, and dialysed against phos-
phate buffered saline (PBS), pH. 7.2, overnight. The
solution is then applied to the top of a column of
Sephadex G-25, previously equilibrated with PBS.
The first fraction, the conjugated protein, is collected,
whereas the second fraction, consisting of the free
dye, is discarded. At this stage, the conjugate is
again stirred at 4°C, and an equal volume of cooled
saturated ammonium sulfate solution is added drop
by drop over 15 minutes. Precipitation of the
globulin commences after about two-thirds of the
ammonium sulfate has been added. Stirring is
continued for an hour and a half. The globulin
precipitate is then spun down by centrifuging for
10 minutes at 10 000 r.p.m. at 4°C. The precipitate
is then washed with half-saturated ammonium
sulfate, and the centrifugation repeated. The residue
is dissolved in 5 ml PBS, and is dialysed against
PBS overnight. It is then passed through a Sephadex
column to ensure complete removal of the ammo-

nium sulfate. A small aliquot is tested for the
presence of ammonium ions by the use of Nessler's
reagent. If a positive reaction is given, then the
conjugate is once again passed down a Sephadex
column. To each millilitre of conjugate, 100 mg of
washed, activated charcoal are stirred in, and the
suspension is agitated for 30 minutes at room

temperature, after which it is centrifuged off. The
conjugate is then dispensed into stoppered bijou
bottles and stored at -20°C.

Labelling with fluorescein isothiocyanate (FiT).
In general, the method of Riggs et al. (1958) is
followed in our laboratory. 5 ml of serum are

diluted with 5 ml of PBS, and are cooled to 40C.
10 ml of saturated ammonium sulfate solution are

added drop by drop, over 15 minutes, with continu-
ous stirring. The precipitate is centrifuged down,
washed in half-saturated ammonium sulfate solution,
and recentrifuged, dissolved in PBS, then dialysed
overnight and passed through a Sephadex column.
A small aliquot of the solution of globulin is diluted
1: 50, and the optical density read at 280 m,u on

a spectrophotometer. From this reading, the
protein concentration in the solution is calculated.
The globulin solution is then diluted with saline and
bicarbonate-carbonate buffer, 0.5 M at pH. 9.0, to
give a solution in which the final concentration of
globulin is 10 mg/ml, and in which 25 % of the total
volume is buffer. The buffered globulin is stirred at
4°C, and fluorescein isothiocyanate powder, 1 mg

to 20 mg of protein, is slowly added to the surface
of the conjugation mixture. Stirring is continued

for 18 hours at 4°C. The conjugate is dialysed
against PBS overnight, then passed down a Sephadex
column. Activated charcoal absorption and storage
are as described for rhodamine conjugates.

Absorptions with tissue powders

Although the unreacted fluorescent labelling
material is removed by the Sephadex treatment, or
by the absorption with activated charcoal, the con-
jugates still give considerable non-specific staining.
This is thought to be due to electrostatic forces
between the conjugated protein and the antigen
preparation. This non-specific staining can be
reduced by the use of dried tissue powders (Coons
& Kaplan, 1950). Before a conjugate is used,
absorption is carried out by shaking 100 mg of the
acetone-dried powder with each millilitre of conju-
gate for 30 minutes at room temperature. The
powder is removed by centrifugation and filtration.
At least two such absorptions should be carried out
on all conjugates. Sodium azide is then added to the
conjugates, which are stored at 4°C. A diagrammatic
presentation of the preparation of the conjugates is
shown in Fig. 4.

A method ofpreparing tissue for immunofluorescence

An attractive method of preparing tissues for
immunofluorescent work is that of freeze-substitu-
tion (Balfour, 1961). The principle is that the
material is very rapidly cooled, after which the water
frozen in the tissue is dissolved out in alcohol at
-70°C. An alcohol-soluble wax of low melting-
point is used for embedding, and sections can be cut
at room-temperature on the standard microtome.
The method used by Voller & Taffs (1963) in

studying tissue stages of P. gallinaceum is given
below.

Small tissue blocks were rapidly cooled by
immersion in petroleum-ether which was cooled to
- 70°C in an acetone/carbon-dioxide mixture. After
five minutes the blocks were blotted dry and were
transferred to dry ethanol, in which they were kept
for three days at - 70°C. The tissues were then
brought to room temperature, transferred to fresh
dry alcohol for one hour, then were immediately
embedded under vacuum in a mixture of 99% poly-
ester wax and 1% cetyl alcohol. The blocks were
stored at -20°C until used.

Sections were cut at 5 ,u at room temperature on
the standard microtome. The sections were then
transferred to 18% sodium sulfate on slides which
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were then allowed to dry. The slides were then
immersed in xylol, ethanol and saline, before staining
with the conjugate in the usual manner.

Alternatively, sections can be cut from frozen
tissue blocks at -20°C in the cryostat.

THE FLUORESCENT ANTIBODY TEST AS A

MEASURE OF MALARIAL ANTIBODY

Processing of labelling reagent. Either goat or
rabbit fluorescein-labelled antihuman globulin serum
is suitable. The lyophilized material should be
purchased. Preferably, this should be stored in a
desiccator at 4°C.
The lyophilized material is dissolved in 5 ml of

saline and dispensed in 1-ml aliquots, which are
stored at -20°C if possible (or with 0.3% sodium
azide at 4°C). When required, a l-ml aliquot is
diluted to 20 ml with sterile phosphate buffered
(pH 7.2, 0.O1M) saline (PBS). To each such 20 ml
of solution, 100 mg of acetone-dried liver powder
are added, agitated for 30 minutes (avoiding bub-
bling), then filtered. A further 100 mg of liver
powder are added and the process is repeated. The
labelling reagent is stored at 4°C with 0.3% sodium
azide as preservative.

Preparation ofslide antigen

Thin blood smears are made from individuals,
usually children under 4 years old, with a heavy
parasitaemia (one or more parasites per high-power
field). Human species of malaria parasites cross-
react with monkey species, so there is no need to
use the homologous parasite as slide antigen. The
blood smears are air-dried in the usual manner and
then stored in a desiccator over CaCl2. These will
remain active for only a few days at room tempera-
ture, slightly longer at 4°C, and for at least several
months at -70°C.

Performance of test (Fig. 5)

1. Immerse slide antigen in HCI,
0.3N.

2. Wash slide antigen in PBS
3. Wash slide antigen in PBS

4. Apply test serum (undiluted
or diluted), 2 drops . . . . 40 minutes.

5. Wash preparation in PBS . 15 minutes, agitation.
6. Apply fluorescein-labelled

antihuman globulin . . . . 30 minutes.
7. Wash preparation in PBS . 15 minutes, agitation.
8. Mount in 10% glycerol.
9. Examine as soon as possible under ultraviolet-blue

illumination in a darkened room.

The end-point is the highest dilution of test sera
which gives a fluorescent reaction.
The appearance of positive reactions is shown in

Fig. 6.

FIG. 6
PLASMODIUM FALCIPARUM STAINED BY

THE INDIRECT FLUORESCENT ANTIBODY METHOD

5 minutes.
1 minute.
2 rinses.
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RPSUMt

I1 est bien connu que l'on peut acquerir une immunite
contre le paludisme. Le r6le protecteur du s6rum, plus
particulierement des gamma-globulines, a ete r6cemment
demontre de facon indiscutable. Dans l'etat actuel des
connaissances, il semble que l'immunite contre le palu-
disme n'est pas fondamentalement diff6rente de celle
qui se constitue contre d'autres agents infectieux.
Dans le passe, les recherches consacrees a l'immunite

contre le paludisme ont e genees par les echecs des
techniques serologiques standard telles que l'agglutina-
tion, la precipitation et jusqu'A un certain degre la
fixation du complement. Les nouveaux instruments de
travail immunologique que representent l'hemaggluti-
nation, l'immuno6lectrophorese et l'immunofluorescence
se sont montres plus utiles dans l'etude de l'immunit6
contre le paludisme.
La technique de marquage des anticorps a montre

que les parasites du paludisme peuvent etre classes
serologiquement en plusieurs groupes, selon qu'ils
s'attaquent aux rongeurs, aux oiseaux ou aux primates,
par exemple. I1 existe des reactions croisees entre les
membres de ces groupes mais non entre ceux des groupes
differents. I1 faut souligner que de telles reactions sero-
logiques croisees ne refletent pas necessairement une
immunite croisee fonctionnelle.

L'immunofluorescence a permis de nouveaux progr6s
dans le domaine de la serologie du paludisme. L'auteur
decrit les techniques employ6es dans les tests d'immuno-
fluorescence. Cette methode a l'avantage d'etre rapide et
specifique, ses resultats peuvent etre photographi6s.

Les etudes d'immuno-fluorescence indiquent egale-
ment l'existence de ressemblances antigeniques entre les
formes sporozoltiques, sanguines et exo-erythrocytaires
du parasite du paludisme.
L'une des applications les plus importantes de la

technique des anticorps fluorescents a et le d6pistage
et le titrage des anticorps antipaludiques. Chez des
volontaires humains l'on a observe que l'apparition de
l'anticorps antipaludique etait contemporaine de celle
des parasites dans le sang peripherique. Par la suite le
taux des anticorps s'eleve parallelement a celui de la
parasitemie et redescend au moment de la guerison.
La meme technique a et egalement utilis6e pour le

titrage des anticorps dans une zone oii le paludisme a
Plasmodium falciparum s6vit A l'etat endemique. Des
taux eleves d'anticorps ont ete mis en evidence dans le
serum des adultes et dans le sang du cordon placentaire.
Les taux sont bas chez les petits enfants entre 6 et 30
mois. Chez les enfants plus ages les taux d'anticorps
s'616vent progressivement jusqu'A un plateau.
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