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The indirect haemagglutination test for malaria and
its application to epidemiological surveillance*
J. H. E. Th. MEUWISSEN1

Recent studies with the indirect haemagglutination test for malaria are reviewed.
Aspects of methodology, reproducibility, specificity, and sensitivity are discussed. A pro-
cedure is presented for application in the field, which indicates some progress towards
developing a simple field methodfor the epidemiological surveillance of malaria.

There is a need for a reliable method to assess the
origin and spread of malaria, and also to guide
malaria control programmes. For this purpose, the
indirect fluorescent antibody test (IFA) and the
indirect haemagglutination test (IHA) have recently
been applied tentatively in the field. This paper is
concerned with the IHA test only. Attention is paid
to aspects of methodology, reproducibility, specifi-
city, and sensitivity, and to comparative results
obtained with both IHA and IFA tests. The first field
application of the IHA test in a serologic survey is
reported, and its value as a test for epidemiological
surveillance is discussed.

METHODS

In the indirect haemagglutination test, haemagglu-
tinating antibodies form protein bridges between red
cells that were coated artificially with antigen.
A physicochemical interpretation of the process
of agglutination has been described (1, 2). Thus,
it appears that agglutination depends on the sum
or balance of forces that drive red cells together
or drive them apart. If the repulsive force is greater
than the cohesive force, the distance between anti-
genic sites on erythrocytes will be such that antibody
molecules cannot form intercellular bridges between
erythrocytes. Aggregation can be enhanced by heat
and by gravitational or centrifugal forces; it is,
however, the erythrocyte's surface tension that
primarily acts in such a way as to produce aggrega-
tion. The surface interfacial energy brings the
particles together, since aggregation is accompanied
by a loss of free energy and-according to the
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second law of thermodynamics-a system is in
equilibrium if its free energy is at a minimum. The
repulsive force is related to the zeta potential, that
is, the sum of the potentials on the negatively
charged erythrocyte surface and at the boundary of
the cloud of oppositely charged ions surrounding
each red cell suspended in electrolyte solution. The
zeta potential decreases with increasing ionic
strength of the medium. It also decreases when the
dielectric constant of the medium is increased by the
addition of certain substances, such as colloids. Thus
there exists in the system a critical range of surface
tension and zeta potentials, above which agglutina-
tion cannot occur and below which aggregation
occurs spontaneously. Within the range, agglutinat-
ing antibody molecules can link the red cells to form
a three-dimensional lattice.

Aspects ofsome IHA procedures
We do not know the optimum of the critical range

of the physicochemical factors involved in the IHA
test for malaria. Wide differences exist in the various
IHA procedures that are used (3-9). Sheep and
human erythrocytes are used as carrier cells; they
are used nonfixed, or formalinized, or stabilized in
glutaraldehyde or pyruvic acid, and they are tanned
at different temperatures with tannic acid solutions
of different strength.

Various species of plasmodial antigen are applied
as the sensitizing antigen obtained from different
host species and prepared in different ways. The
chemical composition of these crude plasmodial
antigens is still unknown. Glutaraldehyde can be
used for stabilization of the sensitized test cells, but
the cells can also be lyophilized. Different diluents
are used for the preparation of cell suspensions and
their concentrations vary. The antigen load has great
influence on the tanned erythrocyte surface, for
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which the optimum has to be found in an antigen
titration test. Overloading with antigen of the tanned
erythrocytes during sensitization leads to non-
specific agglutination patterns in the test. It is likely
that such methodological differences will lead to
differences of cohesive and repulsive forces involved
in the system, and therefore to differences in agglu-
tinability of the test cells and ultimately in the IHA
test results. The sedimentation pattern is, however,
determined not only by the test cells as such or by
the suspension medium, but also by other important
factors, such as the form and size of the surface
area on which the agglutination pattern develops
and the electrostatic load of the agglutination plate.

In my opinion, the procedure of the IHA test
should provide such conditions that no aggregation
of cells is visible when sensitized cells suspended in
diluent have sedimented in the absence of agglutinins.
Otherwise, the distinction between agglutination
and spontaneous aggregation becomes difficult, and
the semiquantitative estimation of the antibody
content of a serum becomes less accurate. Therefore,
differing with Stavitsky (10), I consider a sedimenta-
tion pattern to be negative when it consists of a
closed or almost closed button of sedimented ery-
throcytes. A pattern is considered to be positive
when there is a clear indication of aggregation, i.e.,
not only when there is a uniform thin layer of red
cells, but also when by partial agglutination there is
a clear ring pattern in the well of the microtitre plate.
A point that is considered to be of great import-

ance is the presence of nonspecific agglutination
factors, such as heterophile antibodies, which are
especially present in malarious sera, and other
substances, such as the lytic factor recently isolated
from plasma samples in an acute phase of malaria
(7, 11-15). The possible nonspecific influence of the
lytic factor on the test and control cells has also to
be studied.

It should be considered that the sensitizing antigen
is prepared from parasitized red cells. Antigens
present in the cell walls of the parasitized red cell
and those erythrocytic antigens that become un-
covered during processing contaminate the plasmo-
dial antigen, intended for sensitization of the tanned
cells. Thus, various agglutinating antibodies and
other factors may be responsible for nonspecific
agglutination of test cells, even when human sera are
examined with human tanned erythrocytes as carrier
cells for the malaria antigen. Their influence on the
IHA test can be correlated by an absorption pro-
cedure.

A PROCEDURE FOR THE IHA TEST IN MALARIA

Our standard procedure for the IHA test, for the
lyophilization of both test and control cells, and for
the preparation of antigen has been described earlier
(7, 8; Meuwissen & Leeuwenberg, unpublished
report to WHO, 1973). Briefly it can be summarized
as follows.
Washed sheep erythrocytes, collected in Alsever

solution, are stabilized in a 1 % dilution in phosphate-
buffered saline (PBS) at pH 8.2 of 250% stabilized
glutaraldehyde solution (Serva Heidelberg) and
stored in distilled water (16). Cells are tanned at
4°C in a 1: 40 000 solution of tannic acid. Cells are
sensitized with malaria or control antigen in PBS at
pH 5.5 for 30 min at 37°C. Sensitizing malaria
antigens and control antigens are prepared from
infected and non-infected erythrocytes, respectively,
of the same host cell species by ultrasonic treatment
of isolated red cells. After centrifugation of the
suspension at 8 500 g for 15 min at 4°C, the super-
natant is immediately used as crude antigen.

Sensitized cells are made into a 1.3 % suspension
in PBS at pH 7.2 with 1 % inactivated rabbit serum.
We use U-type permanent polymethyl methacrylate
Cooke plates or U-type Biocult Linbro plates for
the microhaemagglutination test. In the first well of
the microtitre plate, 0.05 ml of a 1: 10 diluted sample
is mixed with the same volume of a 2.6% suspension
of control cells. After sedimentation, volumes of
0.025 ml of the 1: 20 diluted supernatant are further
diluted in diluent in the range of 1: 40-1: 5 120
before the addition of 0.025 ml of a 1.3 % suspension
of test cells. In two other wells, the absorbed sample
is diluted once more to 1: 40 and 1: 80 before addi-
tion of a 1.3 % suspension of control cells as a check
on persistent nonspecific agglutination factors. In
addition, on each microtitre plate a control is
carried out for nonspecific agglutination in the
absence of serum; in these, the test and control cells
respectively are added to the wells with diluent only.
The sedimentation pattern of all the control wells
should be negative if the specific antibody titre of
the malarious sera is to be estimated.

Different aspects of the IHA test
Nonspecific agglutination. Fig. 1 shows the aggluti-

nation patterns in the IHA test with P. falciparum
antigen, obtained from infected Aotus monkeys. It
indicates that nonspecific agglutination factors can
be absorbed from minute samples of plasma by the
addition of control cells. It shows on the controls the
persistence of nonspecific agglutination factors and
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Fig. 1. Examination of 4 serum samples by the indirect haemagglutination test before (rows 5-8) and after
(rows 1-4) absorption procedures. Columns 1-9: P. falciparum (Aotus AoN8 sensitized test cells); columns 10
and 1 1: Aotus-control-antigen-sensitized control cells; column 12, rows 1 and 2: test cells in diluent; column 12,
rows 3 and 4: control cells in diluent. Nonspecific agglutination factors are present in serum samples 2, 3, and 4
(see columns 10 and 4, rows 2-4) (i.e., they persist in controls also). Endpoint of titration is seen in row/column:
1/7, 2/>9, 3/neg, 4/5, 5/7, 6/>9, 7/4, and 8/5.

the haemagglutination caused by specific antibodies.
It also indicates that neglect of absorption can lead
to inaccurate estimation of antibody titres. In an
earlier study we found, in a series of 130 African and
American sera, agglutination with control cells in
about 40% (Meuwissen & Leeuwenberg, un-
published report to WHO, 1973). In a series of 516
absorbedsamples, collectedfrompeopleofvarious age
groups in Tanzania, persistent nonspecific haemag-
glutination patterns with control cells were seen
in 2.5% only (17).

Comparison of sheep and human erythrocytes as
carrier cells. In view of the extensive use of human
erythrocytes (5, 24) we compared the use of glutar-
aldehyde-fixed human 0 rhesus-positive erythrocytes
as carrier cells with similarly fixed sheep cells. Even
with the use of human cells as test cells, nonspecific
agglutination factors could interfere with an accurate
estimation of the specific haemagglutination titre in
the samples. Moreover, in the standard procedure
we had great difficulty with human cells to achieve
a satisfactory negative sedimentation pattern in the
control wells. Therefore, we prefer the use of glutar-

aldehyde-stabilized erythrocytes of a selected sheep,
thus excluding variation in the test caused by the
carrier cell.

Comparison of tests with lyophilized and non-
lyophilized cells. Table 1 compares the IHA titres
of our reference series of 73 sera, tested in duplicate,
with two batches of P. falciparum-sensitized
glutaraldehyde-fixed tanned sheep cells; one batch
was lyophilized, the other was not. The results indi-
cate that the titre values were equal or differed by
only one titre in 71 of the 73 observations (about
97%).

Reproducibility. The same reference series of 73
sera were tested 5 times; 4 times with cells sensitized
with P. falciparum antigen of 4 different Aotus
monkeys (AoN2, AoN6, AoN8, and AoN9) and
once with another batch of stabilized erythrocytes
sensitized with the same AoN8 antigen. Monkey
AoN2 was infected with the West African strain, the
other monkeys with the East African (Palo Alto)
strain of P. falciparum. The IHA titres obtained with
the different batches of test cells were compared:
84-96% of all observations were within a range of
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Table 1. Comparison of IHA antibody titres in tests with lyophilized and nonlyophilized test cells.

Titres with non- Titres with lyophilized test cells
lyophilized Total
test cells <40 40 80 160 320 640 1 280 2560 5120 >5 120

<40 8 2 10

40 3 3 2 8

80 1 6 7

160 3 5 8

320 1 4 5 1 11

640 1 6 1 8

1280 4 3 1 8

2 560 1 2 1 4

5120 2 2 4

>5120 5 5

Total 11 6 12 9 6 11 5 2 4 7 73

±1 titre; for the comparison of tests with different
batches of erythrocytes sensitized with the same

antigen, 97% were within this range. For the IHA
titres obtained with AoN8 test cells, the range of
titres obtained with the 4 other batches of test cells
were assessed; Table 2 gives an impression of the
variability of individual titres. For all titre levels
obtained with AoN8 test cells, 89-100% (average
93 %) of the duplicate tests with other batches of test

cells gave titre values that were equal or differed by
only one titre.

Lyophilized cells, sensitized with P. falciparum
AoN8 antigen, were sent by ordinary mail without
any special precautions to two laboratories in the
USA for examination with a series of malarial sera.

The same samples were tested in duplicate in our

laboratory (in Nijmegen) in a blind trial with the
same batch of lyophilized cells. The IHA patterns

Table 2. Results of IHA examination of 73 sera with P. falciparum-sensitized AoN8 test cells,
compared with results obtained with AoN2, AoN6, AoN8 and AoN9 test cells.

No. of titres Differences in titre Sera within
Titre with AoN8 tof+1titre

test cells <-3 -2| -1 0 +1 +2 >+3 (%)

<1 :40 10 0 0 0 36 3 1 0 97

1 :40 8 0 0 9 15 7 1 0 97

1 :80 7 0 3 8 15 2 0 0 89

1 :160 8 0 2 9 17 3 1 0 91

1 :320 11 1 2 9 19 12 1 0 91

1 :640 8 0 0 9 18 5 0 0 100

1 :1 280 8 0 1 12 12 6 1 0 94

1 :2560 4 0 1 6 6 3 0 0 94

1 :5120 4 0 1 1 11 3 0 0 94

>1 :5120 5 0 0 2 18 0 0 0 100

Total 73 } 1 10 65 167 44 5 0 93
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Table 3. Comparative agreement of IHA titres of sera
examined in duplicate in the USA, Surinam, and in
Nijmegen with one batch of lyophilized P. falciparum-
sensitized AoN8 test cells.

A. difference in titres:

zero

+1 titre

-1 titre

+2 titres

-2 titres

B. difference in titres:

zero

+1 titre

-1 titre

+2 titres

-2 titres

> +2 titres

C. difference in titres:

zero

+1 titre

-1 titre

+2 titres

-2 titres

> +2 titres

No. of titres in Nijmegen
and in the USA

20

8 91%

2

3

0

No. of titres in Nijmegen
and in the USA b

12

10 58%

0

12 32%

0

4 10%

No. of titres in Nijmegen
and in Surinam c

37

19 91%

8

4

0

1

>-2 titres 1

a CDC, Atlanta, USA.
b NIH, Bethesda, USA.
c v.d. Kaay & Leeuwenberg, personal communication, 1973.

obtained in the two American laboratories were

photographically recorded and the IHA endpoints
in both duplicate tests were read by the same tech-
nician. Therefore, differences in endpoint reading of
the IHA test could not have influenced the test
results. Other serum samples, examined on the spot
during a field survey in Surinam, were also tested in
duplicate in our laboratory. Table 3 compares the
results. Good reproducibility of the test, up to
91 % of the values lying within the range of ± 1 titre
value, was seen in 2 of the 3 series. Further studies
are needed to discover the environmental factors
that may have a negative effect on the stability of
the lyophilized cells, and other factors that may

cause variability in the results of the standard
procedure performed in different situations.

Sensitivity. The proportion of tests with an IHA
titre <1 :40 with !P. falciparum-sensitized AoN8
test cells in plasma samples obtained from parasite
carriers was determined in Tanzania, Surinam, and
Nigeria. In the first two countries, samples were

collected from areas where medicated salt is distribut-
ed for malaria control. Table 4 gives the results. It
seems to indicate that seronegative reactions are
occasionally seen in parasite carriers, especially in
children. A tentative explanation based on longitu-
dinal observations in experimental animals is given
further on. The influence of medication on the IHA
antibody response should also be studied, because
a significant drop in the IHA titres was reported as
a result of antimalaria treatment (18).

Specificity. Studies on the specificity of the IHA
test with P. falciparum-sensitized cells have been
reported (17). In a group of 545 healthy Dutch
blood donors, not one seropositive reaction, i.e.,
IHA titre > 1: 40, was seen. Only 1 of 189 sera from

Table 4. Number of seronegative reactions (titre <1: 40) in plasma samples collected from parasite carriers in
Tanzania, Surinam, and Nigeria in the IHA test for malaria with P. falciparum-sensitized test cells (AoN8).

No. of sera negative/No. of sera tested in the following age groups:
No. of

Country sera Months Years Totals
tested

0-11 12-23 2-4 5-9 10-19 20-39 40-59 >60

Tanzania 59 1/3 0/4 0/6 1/23 1/17 0/4 0/2 0/0 3/59
Surinam 83 0/0 1/2 0/3 0/15 0/21 0/32 0/7 0/3 1/83

Nigeria 77 0/77 0/77
Total 219 1/3 1/6 0/9 1/38 1/38 0/113 0/9 0/3 4/219
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patients with various diseases, such as rheumatoid
arthritis, syphilis, mononucleosis, disseminated lupus
erythematosis, leukaemia, myelomatosis, and dys-
globulinaemia, had an IHA titre >1: 40. This was
from a boy with an increased IgM level of unknown
origin.

Since Mathews et al. (personal communication,
1973) reported false positive IHA tests for malaria
caused by infections with Babesia, two sera from
patients with a patent babesiosis parasitaemia were
examined. The IHA titre of serum sample G was
found to be < 1: 40. In sample P, we found an IHA
titre of 1: 512 with control cells; routine absorption
with control cells brought the IHA titre with
P. falciparum-sensitized test cells down to a titre
of 1: 80. In 11 serum samples from a calf infected
with B. bigemina we found, after absorption with
control cells, a titre of 1: 40 only once, and in 7
samples from a calf infected with B. bovis, we found
titres < 1: 40 with P. falciparum-sensitized test cells.
In addition, 75 serum samples were collected from
adult male Fulani, who are cattle-herding nomads
in Nigeria. Since Babesia infections are common in
their cattle, it was considered possible that these
people might be exposed also to Babesia antigens.
Samples were examined in the IFA test with B.
argentina, B. bigemina, and P. falciparum antigens
and in the IHA test with P. falciparum-sensitized test
cells (AoN8). A direct relationship could not be
demonstrated between the generally low anti-
Babesia antibody titres and IHA antimalaria anti-
body titres, nor between Babesia antibody titres and
the presence or absence of a malaria parasitaemia.

These results do not exclude the possibility of
shared antigenic determinants during infections with
Babesia and malaria, but they do not support the
idea that Babesia infections are an important source
of false positive IHA tests for malaria in areas where
species of both parasites are prevalent.

COMPARISON OF IHA AND IFA TESTS FOR MALARIA

An examination of African sera (17) indicated
that there are differences in the results of the IHA
and IFA tests for malaria using P. falciparum
antigen, the IFA test being performed by standard
procedures (19). At the level of a serum dilution
of 1: 40, the proportion of sero-positive reactions in
the IFA test with IgG conjugate and P. falciparum
as antigen was higher than that in the corresponding
lHA test. In the younger age groups, IFA IgG
antibody titre levels were higher than those of lHA

titres, but in adults this order was reversed. The titre
levels in the IFA test started to rise at younger ages
and occurred more gradually than those in the IHA
test, where they increased more rapidly from the
age group of 10-19 years onwards. Moreover the
proportion of parasite carriers with a titre < 1: 40
was greater in the IHA test than in the IFA IgG test.
This difference between the IHA and IFA tests is in
agreement with an earlier observation (20). It was
found that the IFA test detected antibodies slightly
more efficiently than the IHA test during the first
two weeks after the onset of symptoms of a primary
infection with P. vivax; after several months,
however, the IHA test tended to detect antimalaria
antibodies more efficiently than the IFA test. The
IHA test also detected significantly higher malaria
antibody titre levels in patients who had previously
been infected with malaria.
For a further study of the relationship between

IHA and IFA tests in P. falciparum infections,
longitudinal observations were made in 6 Aotus
monkeys infected with P. falciparum and repeatedly
challenged with a West African and an East African
strain of P. falciparum (21). It was seen that the IHA
response to a primary infection came later than the
IFA response, which appeared within a few days of
the parasitaemia. After chloroquine treatment of
the primary parasitaemia, IHA titres soon dropped
to < 1: 40. The secondary wave of parasites, or a
rechallenge with the same strain, was followed by
an immediate and rapid increase in the IHA titre.
When the period of primary parasitaemia was short
and the number of parasites remained low, the
resulting IHA antibody titres remained at a relatively
low level.
From a comparison of the results of IFA and IHA

tests, it followed that in general the course of IFA
and IHA titre levels parallel each other except in
the period of a primary parasitaemia. Assuming
that both the experimental animal and man show
similar serologic responses, these data explain why,
especially in children, the mean IHA antibody titre
levels are rather low compared with the IFA titre
levels and why, especially in the same age groups,
seronegative IHA tests are seen in parasite carriers.
Binding of different classes and subclasses of anti-
body molecules in the two tests may account for the
difference between IHA and IFA tests. Another
hypothetical explanation is that, during a primary
response, the affinity of the circulating antibodies is
such that they are unable in the IHA test to form
stable bridges between sensitized erythrocytes,
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whereas the same antibody molecules are easily
demonstrated with the sandwich technique in the
IFA test.

FIRST FIELD APPLICATION OF THE IHA TEST

As a field test, the IHA test with lyophilized cells
was first applied in Surinam in August-September
1973 (van der Kaay & Leeuwenberg, personal
communication, 1973) and no special problems
were noticed in these primitive surroundings. The
serologic results became available one day after
collection of the blood samples. Under these con-
ditions, one experienced technician could carry out
about 75 IHA tests per day. The accurate dilution
of the plasma samples collected in capillary tubes
was the most laborious part of the procedure. The
test was performed in villages of five areas with
different endemicity for malaria. A general assess-
ment of the results in each area is given in Table 5.
The characteristics of the local epidemiological

situation are as follows. The maintenance phase
area can be considered as originally malaria-free. In
the consolidation phase area, there is sporadic
contact with malarious areas in the interior, upwards
along the local river. In the attack phase area along
the Upper Surinam river and in the area around
Stoelmans island, medicated salt has been used for
malaria control since 1968. The salt distribution is
insufficient and irregular. In the central jungle area,
an epidemic of chloroquine-resistant P. falciparum
malaria occurred in the first half of 1972 (22). It was
effectively controlled by indoor spraying combined
with mass drug treatment and radical treatment of
parasite carriers. In two mass blood surveys carried
out in 1973, not one parasitaemia was found. In all
five areas the various age groups were about simi-
larly represented. Table 5 therefore provides a fair
impression of the differences in malaria transmission,
assessed by both parasitologic and serologic blood
examinations. Moreover we obtained evidence that
the IHA test could indicate differences in the degree
of malaria transmission between separate villages in
a malarious area.

THE IHA TEST AND EPIDEMIOLOGICAL SURVEILLANCE

In reports on the application of serologic tech-
niques in malaria control programmes (23-25), there
is general agreement on the following points. The
serologic survey gathers period prevalence data and
provides information about the total infection with
malaria of an individual in a community. It is
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understood that the individual's immune response
is affected by several factors such as age, immuno-
logic competence, cumulative exposure to malaria
antigens, and the kind and amount of specific
therapy. Therefore, the interpretation of serologic
data requires detailed knowledge of the local
epidemiology of malaria. Mass blood surveys for
parasitologic examination provide mainly point
prevalence data, i.e., the frequency of parasitaemia
is determined on the day of blood collection.
Indirectly, however, the information on parasite
density and gametocytaemia in various age groups
can provide additional epidemiological information
of importance. The absence of patent parasitaemia
can be misleading, since patency is influenced by the
immune status and by the use of anti-malaria
drugs, and often occurs only intermittently during
malaria infections. In areas with low incidences of
infection, the microscopic examination even of a
great number of blood slides is unreliable for epide-
miological studies. Therefore serologic methods are
likely to be of most use in situations where there is
a low level of malaria transmission and especially
where the transmission cycle has been disturbed by
the use of insecticides or drugs.
Kagan (24) has defined some criteria that need to

be met by any practical serologic method. The test
must be simple to perform, rapid, sensitive, specific,
and reproducible in different laboratories, and the
interpretation of the results should be unbiased by
subjectivity. To these criteria, I must add that the
method should be feasible under field conditions.
With the latter provision, it is really possible to
study, guided by the results of the serologic tests,
the local factors involved in malaria transmission
and those involved in the extent of an individual's
immune response. The effect of malaria control
procedures can be assessed and, if necessary, local
adjustments carried out based on knowledge of the
factors involved in the local transmission of malaria

(26). There are reports (24) that the IHA test can
meet these criteria and that it can be used (a) to
measure the level of malaria endemicity and degree
of transmission, (b) to delineate malarious areas and
detect foci of different intensities in malaria trans-
mission, (c) to measure the effect of antimalaria
activity on such transmission, and (d) for surveillance
in areas in the consolidation and maintenance phases.
These should be substantiated by further studies in
order to improve the differences in procedures of the
IHA test and in reading its endpoint, and to obtain
more experience in the use of lyophilized cells in
field surveys. Information is also required on the
longitudinal course of the IHA response in people
of various age groups in malarious areas, where
different methods of malaria control are applied.
The use of the IHA method does not imply that

there is no longer a need for direct parasitologic
examination of blood, because the latter can give
additional information that a single serologic survey
cannot offer. Meanwhile, the results reported here
of the haemagglutination test with lyophilized
P. falciparum-sensitized test cells and with control
cells indicate some progress towards the develop-
ment of a simple, rapid, reproducible, specific, and
sensitive serologic field method for epidemiological
surveillance of malaria.
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RESUME

L'EPREUVE D'HEMAGGLUTINATION INDIRECTE DANS LE PALUDISME ET SON APPLICATION A LA
SURVEILLANCE EPIDEMIOLOGIQUE

L'auteur passe en revue les etudes r&centes consacre'es
a l'6preuve d'h6magglutination indirecte appliqu6e au
paludisme. Les aspects m6thodologiques, la reproducti-
bilite, la specificite et la sensibilite de la reaction sont
examines et on expose une technique pour sa mise en
aeuvre sur le terrain.

Des 6rythrocytes de mouton, tannes et stabilises par
la glutaraldehyde, sont sensibilises par un antigene
Plasmodium falciparum obtenu a partir d'hematies infec-
tees de singes Aotus de fagon a fournir les cellules
d'epreuve, ou traites par les constituants antigeniques
d'hematies non infectees d'Aotus pour servir de cellules
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temoins. Pour l'usage pratique sur le terrain, les deux
types de cellules peuvent etre lyophilises. Elles restent
stables sans precautions particulieres.
La reproductibilite de l'epreuve (±1 titre) est en

moyenne de 90% environ, le taux de non-specificit6 est
de l'ordre de 0,1 % et 2% seulement environ des porteurs
de parasites presentent des reactions serologiques nega-
tives. Des observations longitudinales effectuees chez des
singes Aotus 'a 'aide de P. falciparum ont montre que
lorsque la periode de parasitemie primaire est de courte
duree et que la densite des parasites demeure faible,

la reponse en anticorps agglutinants est absente ou peu
intense. Une seconde inoculation ou une nouvelle injec-
tion d'epreuve entraine une reponse secondaire. Des
hypotheses sont avancees pour expliquer ce phenomene.

L'auteur rapporte les resultats de la premiere applica-
tion sur le terrain de 1'epreuve d'hemagglutination indi-
recte, effectuee avec succes au Surinam en ao(ut-septembre
1973. La presente etude, ainsi que des etudes similaires,
montrent que des progres ont ete realises dans la mise
au point d'une methode simple, utilisable sur le terrain,
pour la surveillance epidemiologique du paludisme.
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DISCUSSION

MOLINEAUX: A quantitative relationship was ob-
served between the serological results and longitu-
dinal parasitological findings of the baseline phase
of the current WHO field research project in North-
em Nigeria. Three tests-i.e., the Ouchterlony test

with a P. falciparum antigen (graded by the number
of bands of precipitation); the indirect haemaggluti-
nation test (with either a P. knowlesi or a P. falci-
parum antigen); and the IgM test-showed a nega-
tive association with P. falciparum parasitaemia
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above the age of 9 years and also a negative associ-
ation with P. falciparum gametocytaemia above the
age of 1 year. These tests are therefore indicators of
parasitological immunity in the given age groups.
The indirect fluorescent antibody test with a P. ma-
lariae antigen and an anti-IgG conjugate showed a
positive association with P. malariae parasitaemia
at all ages, and therefore appears to be an indicator
of recent parasitaemia, not of protection. The IgG
test and the indirect fluorescent antibody test with
a P. falciparum antigen showed no clear-cut associ-
ation with parasitaemia. All these observations are
probably characteristic of hyperendemic malaria.

AMBROISE-THoMAs: Any serological method is valu-
able in epidemiological investigations when the para-
site rate falls below 1 %. It would be interesting to
find out by means of comparative studies which of
the methods is the most suitable for determining
whether transmission has been interrupted.

BEN RACHID: The results obtained with the indirect
fluorescent antibody test frequently disagree with
those of the indirect haemagglutination test. It is
observed in early toxoplasmosis that agglutination
tests are better able to reveal the initial phase during
which the level of IgM is high. A special study should
be made of what happens in congenital malaria, in
which the IgM level is also high.

McGREGOR: A certain parallelism can be detected
between the 1gM level and parasitaemia only during
the first 2 years of life, after which it disappears.

JEFFERY: The indirect haemagglutination test is pro-
mising because it is easier to apply on a large scale
in the field than is the case with the indirect fluor-
escent antibody test. As regards the threshold titre
and diagnostic value of the latter test, a negative
reaction does not exclude infection and a positive
reaction only means that there has been contact with
the infective agent. The term " serodiagnosis " should
not be used.

VAN DER KAAY: In Alalaparoe, Surinam, 1 year
after the successful control of an epidemic of P. falci-
parum malaria resistant to 4-aminoquinolines, the
parasite and spleen rates were zero. The results of
the indirect haemagglutination test showed quite
high titres among the 0-11-month age group, but in
the 12-23-month age group they were negative. Some
people in the older age groups showed positive re-
sults, presumably indicative of past experience of
malaria. In the 0-11-month group, there was a
gradual increase to titres of up to 1/5120, with a
rapid increase in the mean titre index by age group.
A longitudinal study is in progress.

BRUCE-CHWATr: Serology should not replace other
epidemiological investigation methods, but comple-
ment them. It is often applicable alone for other
purposes. The choice between the indirect fluorescent
antibody test and the indirect haemagglutination test
depends less on theoretical considerations than on
the practical experience of the teams that use these
tests. The length of time during which sera remain
positive depends on the parasite and its host, but
they can remain positive for a very long time.
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