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Malaria diagnosis:
Memorandum from a WHO Meeting*

This Memorandum reviews (1) the diagnostic requirementsfor malaria control within
the primary health care system; (2) the current methods ofmalaria diagnosis used both in
the clinic and in epidemiological studies; (3) the status ofresearch on alternative methods
to microscopy for the diagnosis of malaria; and (4) the application of new diagnostic
methods in individual cases, in the community, and in the mosquito and their possible
integration into existing epidemiological studies and control programmes. It also identifies
prioritiesfor the development and validation ofnew and reliable diagnostic techniques, and
makes recommendations for the improvement, standardization, and utilization of current
methodology.

INTRODUCTION

Malaria diagnosis is based on certain findings
including the detection of malaria parasites in man
and the mosquito by microscopy, the results of im-
munological or DNA probe tests, the presence of
fever and other malaria-related symptoms, and an
assessment of certain characteristics indicative of
current or past malaria infection.

* This Memorandum is based on the report of an Informal Con-
sultation held in Geneva, Switzerland, on 5-8 October 1987, which
was organized by Research and Technical Intelligence, Malaria
Action Programme, World Health Organization, 1211 Geneva 27,
Switzerland. A summary in French appears on pages 591-592.
Requests for reprints or for the original report (in English or
French, unpublished document WHO/MAL/88.1045) should be
addressed to the Malaria Action Programme.
The participants at the Consultation were R. Dayal-Drager and

G. Del Giudice, WHO Immunology Research and Training Centre,
Department of Pathology, University of Geneva, Centre medical
universitaire, Geneva, Switzerland; Sir Jan McGregor, Department
of Tropical Medicine, Liverpool School of Tropical Medicine,
Liverpool, England; G. McLaughlin, Department of Veterinary
Pathobiology, College of Veterinary Medicine, University of
Illinois at Urbana-Champaign, Urbana, IL, USA; K. N. Mendis,
Department of Parasitology, Faculty of Medicine, University of
Colombo, Colombo, Sri Lanka; L. Perrin, Department of Haema-
tology, Blood Transfusion Centre, Cantonal Hospital, Geneva,
Switzerland; J. J. Picq, Institut de Medecine tropicale du Service de
Sante des Armees, Marseilles, France; J. G. Scaife, Department of
Molecular Biology, University of Edinburgh, Edinburgh, Scotland;
M. Troye-Blomberg, Department of Immunology, The Wenner-
Gren Institute, University of Stockholm, Stockholm, Sweden;
J. P. Verhave, Department of Medical Parasitology, University of
Nijmegen, Nijmegen, Netherlands; and D. Wirth, Department of
Tropical Health, Harvard School of Public Health, Boston, MA,
USA. WHO Secretariat (World Health Organization, Geneva,
Switzerland): P. F. Beales, Programming and Training, Malaria
Action Programme; E. G. Beausoleil, Prevention and Control of
Diseases, WHO Regional Office for Africa, Brazzaville, Congo;
E. B. Doberstyn, L.-J. Martinez and D. Payne, UNDP/World
Bank/WHO Special Programme for Research and Training in
Tropical Diseases, and Research and Technical Intelligence,
Malaria Action Programme; L. Molineaux, Epidemiological
Methodology and Evaluation, Malaria Action Programme; D. Muir
and J. A. Najera, Malaria Action Programme; P. L Trigg and
W. H. Wernsdorfer, Research and Technical Intelligence, Malaria
Action Programme.

The reliable diagnosis of malaria, whether in a hos-
pital or in a rural health clinic or patient's home at the
peripheral level, is a prerequisite for selecting the
correct treatment and, consequently, for reducing
malaria morbidity and mortality (69,70). Treatment
at the peripheral level of health services is generally
given following a diagnosis based on clinical symp-
toms, usually fever. This may be acceptable if the
parasite is susceptible to a universally effective, well-
tolerated and cheap drug such as chloroquine. This
procedure, however, will miss malaria cases not
identified as such and also result in the treatment
of fever cases caused by other infections and not
malaria; in addition to not being cost-effective, it will
exert an unduly high drug pressure on the parasite
population, which may lead to the development and
spread of drug-resistant parasites. In fact, chloro-
quine-resistant, and even multidrug-resistant, Plas-
modiumfalciparum has already spread through many
of the malaria endemic areas. Drugs for the treatment
of chloroquine-resistant malaria are more expensive
and less well tolerated, and resistance to them will
develop unless they are used judiciously. It has,
therefore, become urgent to ensure that specific anti-
malarial treatment is based on the rapid and reliable
diagnosis of the disease, particularly at the peripheral
level of the health services.
At present, light microscopy is the best means of

accurate diagnosis of parasitaemia and, where it is
available and efficiently performed, it can be the
mainstay of diagnosis in individual cases, provided
the results can be rapidly communicated to the person
responsible for treatment. Despite being tedious and
labour intensive, light microscopy also continues to
be the mainstay of diagnosis for the epidemiological
studies on which current malaria control strategies
are based.

Serological tests such as indirect fluorescent anti-
body (IFA) tests and, to a lesser extent, indirect
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(passive) haemagglutination (IHA) tests, enzyme-
linked immunosorbent assays (ELISA), and gel-pre-
cipitation tests also have a diagnostic role in epi-
demiological studies. In the past, these tests had
disadvantages because they utilized crude antigen(s)
or antibodies. The recent isolation, however, of
purified antigens from all stages of the parasite and
the development of specific monoclonal antibodies
have resulted in the development of more specific
reagents and a new generation of tests. These, along
with the recently identified parasite-specific DNA
probes, have increased the prospects of applying to
epidemiological studies new and improved diagnostic
tests, capable of automation.

This article reviews:
-the diagnostic requirements for malaria control
within the primary health care system;
-the current methods of malaria diagnosis used both
in the clinic and in epidemiological studies;
- the status of research on alternative methods to
microscopy for the diagnosis of malaria; and
-the application of new methods of diagnosis in the
individual, in the community, and in the mosquito
and their possible integration into existing epidemio-
logical studies and control programmes.

In addition, priorities are identified for the develop-
ment and validation of new and reliable diagnostic
techniques, and recommendations are given for the
improvement, standardization and utilization of cur-
rent methodology.

DIAGNOSTIC REQUIREMENTS

Diagnostic needs vary considerably according to
the different epidemiological situations of malaria in
different areas. As examples of two extreme situ-
ations, the diagnostic requirements for areas in West
Africa with stable malaria and areas in south-east
Asia with unstable malaria are described below.

Areas with stable malaria
Epidemiological situation. Malaria transmission is

intense throughout West Africa; it is perennial in
some areas and seasonal in others. P. falciparum,
which is the dominant malaria parasite species, is
responsible for most of the acute clinical malaria that
is diagnosed and is found in point-prevalence surveys
in up to 98% of infected children. P. malariae is the
second most common malaria parasite, with a pre-
valence in the range of 10-15 %, whereas P. ovale is
much less frequent (about 2%). P. vivax is absent
from most of West Africa; this is probably related to
the rare occurrence of the Duffy blood group in the

indigenous population. P. falciparum is therefore the
major cause of mortality and morbidity due to malaria
although a variable and ill-defined proportion of chil-
dren infected with P. malariae develop a progressive
lethal nephrosis. It is commonly believed that P. fal-
ciparum suppresses the other plasmodial species
and that measures which specifically reduce its pre-
valence may increase the frequency and importance
of other species.
Owing to the intensity oftransmission, almost all of

the mortality and much of the morbidity caused by
malaria occurs in early life, usually before the age of
5 years. Adults, particularly in rural areas, tend to be
highly immune and asymptomatic despite a 20-25 %
prevalence of low parasitaemia. Pregnant women,
however, especially primigravidae, show high rates
of parasitaemia, often with clinical symptoms.
Malaria in these women is rarely fatal but their babies
exhibit low birth weight and fetal death may occur. In
rural areas, young children and pregnant women are
the most likely individuals to present with clinical
malaria. The picture may be somewhat different in
urban areas where clinical manifestations may some-
times be found in adults.

Treatment facilities. Within the health services
based on the primary health care approach, the first
line of treatment facilities is at the village level and is
served by the community health worker. This worker
is generally remunerated in some way by the villagers
and supplied with drugs by the health services.
Usually only one antimalarial drug, chloroquine, is
available at this level. The community health worker,
after brief training, diagnoses malaria (based on the
history and accompanying clinical symptoms) and
starts treatment. Treatment failures (increasingly due
to resistant parasites) at this level and seriously ill
patients are referred to established government-
staffed facilities for investigation and treatment.
There are two levels of referral.

(i) First referral level. This is usually a small
health centre often serving a population of as many
as 50 000. It is staffed by paramedical personnel,
usually a dispenser or sanitarian and a nurse, who have
received some training in the diagnosis and treatment
of malaria. Several antimalarial drugs may be avail-
able and therapy with drugs other than chloroquine
may be given, including drugs given by subcutaneous
or intramuscular injection. Slow intravenous infusion
of quinine is not normally administered at this level.
Diagnostic facilities are usually limited. A micro-
scope may be available, but often is not, and the staff
may or may not have received adequate training in its
use and maintenance and in the microscopic diagnosis
of malaria. There is usually no mains system for elec-
tricity. Thus malaria diagnosis at this level also is, for
the most part, based on clinical criteria. If resistant
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malaria is suspected, a drug different from that
administered at the village level should be given. If
further investigation is needed, the patient is referred
to the second referral level.

(ii) Second referral level. This is usually a small
hospital serving an entire district and staffed by a
medical officer with support personnel. The hospital
generally possesses limited laboratory facilities
where simple parasitological, bacteriological and
clinical chemical tests can be carried out and where a
trained laboratory attendant has a microscope at his
disposal. Electricity from a mains system is usually
available. This referral level is the first one where
qualified medical attention is available and where
intravenous therapy can be safely administered. The
hospital should stock a range of antimalarial drugs of
known efficacy against the local plasmodial parasites.

Requirements for diagnostic facilities and alter-
native diagnostic techniques. A working microscope
should be available for use in the furthest periphery of
the health care services as possible. At the least, these
facilities should be competently operated at the re-
ferral levels for treatment failures and malaria
patients with severe symptoms. Referral staff should
therefore be trained in the preparation and staining of
blood films and in the microscopic identification of
parasites.
However, it must be recognized that the light

microscope, although effective, versatile and effi-
cient, has many disadvantages (see below, pp. 579-
580). It is expensive, needs careful maintenance and
requires trained competent operators. Furthermore,
continuous microscopy induces fatigue and conse-
quently leads to errors. There is therefore a need for
alternative diagnostic methodologies which must be
cheap, simple, reliable and applicable at the village
level by a community health worker. They could also
play an important role at referral levels and in major
hospitals. The results, whether positive or negative,
should be clear, unambiguous and available within a
few hours so as to be useful when selecting treatment
for individual patients.

In epidemiological situations, such as those in West
Africa where P. falciparum is the dominant species
with parasitaemias that are mostly of low density,
with no symptoms and not requiring treatment, the
alternative tests for use in health care could be
non-specific and need not be highly sensitive. A test
which is genus-specific and detects parasitaemias of
> 10 000 parasites per 1l might have a major oper-
ational impact. Such a test would diagnose the vast
majority of clinical infections, while low-grade
infections would give negative responses and remain
untreated. Treatment effective for P. falciparum
infections would, for the most part, also cure infec-
tions with other Plasmodium species. Moreover, the

test should be capable of indicating high-density in-
fections so that patients in immediate need of treat-
ment and special case management can be referred to
centres with more sophisticated facilities.

Areas with unstable malaria
Epidemiological situation. In many malaria en-

demic areas, transmission is highly unstable and,
therefore, very different from that in West Africa or
Papua New Guinea. Thailand exemplifies a situation
of unstable malaria which is also found in most
of mainland south-east Asia (Bangladesh, Burma,
Democratic Kampuchea, Lao People's Democratic
Republic, northern Malaysia, Viet Nam), southern
China, Sri Lanka and many of the malarious areas of
South America, especially in the Amazon basin.
Malaria transmission in these areas has the fol-

lowing characteristics:
- it is highly focal, often limited to the deep forest or
forest fringe, with relatively little transmission in
towns or even villages;
- it is seasonal, reaching peaks after the beginning
of and again following the end of the rainy season;
- it involves occupational exposure, with fairly
well-defined high-risk groups (e.g., rubber tappers
working at night, gem-miners sleeping in the forest,
labour groups clearing the forest or building roads,
sugar cane workers, tea garden and orchard labour-
ers, hunters/gatherers, and military groups on
manoeuvres);
-it involves several species, with P. falciparum and
P. vivax being the most common but with P. malariae
also occurring and sporadic cases of P. ovale in
eastern Asia. In certain areas, e.g., mainland south-
east Asia, the predominant species is P. falciparum,
while in others, e.g., Sri Lanka, it is P. vivax.
The immune status of populations develops dif-

ferently in areas of unstable malaria compared with
areas of stable transmission. As a consequence:
-the general population is non-immune. Exposure
begins on taking up an occupation requiring forest
work, or when children accompany their parents per-
forming such work;
-most cases of disease occur in young adults, pre-
dominantly in males;
-severe and complicated infections are seen in
adults; pregnant women, especially primiparae, are at
extremely high risk of serious and fatal infections;
-symptoms of malaria may begin before parasit-
aemia is microscopically detectable. The presence of
parasitaemia, even at a very low level, usually
implies clinical illness.
Diagnostic facilities currently available. Health

services are generally better developed in areas of
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unstable malaria, where microscopic diagnosis is
often a routine in many control programmes, than in
areas of stable malaria, such as tropical Africa. Com-
munications between villages and from villages to
towns are also, on the whole, comparatively efficient
and cheap so that referral systems can be more easily
maintained. In some countries, vertical malaria pro-
grammes still exist, making training and supervision
of microscopists easier, while in others, integration
of services has increased the responsibilities of the
health workers and reduced support and supervision.
In Thailand, an effective vertical malaria programme
is linked to the basic health services with adequate
financial support from the governmetit, supplemented
by bilateral aid programmes. The diagnostic facilities
currently available at the various levels in this country
are as follows:
-At the village level, blood films are taken by
volunteers who also give partially effective "pre-
sumptive therapy". Slides are collected by malaria
workers every few days, and examined at the labora-
tory. Appropriate specific treatment for positive
cases is provided subsequently by the malaria
workers, but the time lapse between blood collection
and definitive treatment averages five days.
-At the district level, each district in malarious
regions almost always has a "malaria clinic", a

single-purpose facility which is open 5-7 days a
week, depending on the endemicity. A slide is made,
examined microscopically, and specific treatment
provided, usually within 30-45 minutes. Many dis-
tricts have hospitals, to which severely ill or vomiting
patients can be referred for parenteral therapy.
-At the provincial level, cross-checking of slides
taken at the village and district levels is performed
and the training, support and supervision of micro-
scopists is organized.

Thus, microscopic diagnosis can be carried out at
the peripheral level of the health services. In many
circumstances, this can be efficient but it is costly and
presents certain problems. These drawbacks, which
are discussed in detail below (pp. 579-580), suggest
that alternative methods of diagnosis may also have a
role in malaria therapy in areas of unstable malaria.

Requirementsfor alternative diagnostic techniques.
Extremely low-level falciparum parasitaemia may be
associated with clinical illness which may rapidly
become severe in non-immune persons living in areas
of unstable malaria. Alternative methods to micro-
scopic diagnosis should ideally be highly sensitive.
However, even a relatively insensitive technique, if it
is simple and reliable, may be preferable to micro-
scopy as practised in many areas. The requirements
for alternative diagnostic techniques in such areas
would be:

-sensitivity: although a good microscopist can
readily detect parasitaemias of less than 10 asexual
parasites/ul of blood, such sensitivity is rarely
encountered in practice. In general, the sensitivity
of microscopic diagnosis in typical field conditions
in areas of unstable malaria is approximately 100
asexual parasites/14 of blood;
-specificity: a technique for the specific diagnosis of
asexual forms of P. falciparum is of the highest
priority since this parasite is frequently responsible
for severe and even fatal infections.

Diagnostic tests fulfilling such criteria would be of
great operational value since P. falciparum infections
in many areas of unstable malaria are due to chloro-
quine-resistant parasites and therefore require treat-
ment with more expensive and potentially more toxic
drugs. Patients who show a clinical picture and his-
tory suggestive of malaria but who present a negative
test for P. falciparum, could be routinely given
chloroquine to terminate the acute attack of infections
caused by P. vivax, P. ovale or P. malariae. Radical
treatment of P. vivax and P. ovale would follow
microscopic diagnosis.
A method for detection of chloroquine-resistant

P. falciparum would be of interest for epidemiologi-
cal purposes, but not of great clinical significance,
since alternative drugs are already being used as first-
line treatment in most of the areas ofunstable malaria.
A simple, rapid and low-cost technique for asses-

sing the drug sensitivity pattern of individual parasite
isolates would be an advantage, especially in areas
with multidrug-resistant P. falciparum. This, how-
ever, will require a considerable amount of research.

CLINICAL DIAGNOSIS

Clinical picture
The classical clinical picture of symptomatic ma-

laria is well known, the patient complaining of
malaise, headache, muscular pain, nausea, and diz-
ziness. This is followed by a feeling of cold, accom-
panied by shivering, rigor, and a raised body tem-
perature, which may then return to normal, with a
bout of profuse sweating. Fever is often accompanied
by nausea, retching and vomiting. In children, the
rigor may be replaced by seizures.

This classical picture is, however, altered by the
use of prophylactic drugs, or by the acquisition of
immunity resulting from a prolonged stay in the en-
demic area. The fever may be continuous, which is
almost the rule in first infections. In complicated
cases, there may be marked abdominal pain, drowsi-
ness, a variable reduction of consciousness, and even
coma as in cerebral malaria. In some cases, fever may
be absent, and the only symptoms may be abdominal
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pain, vomiting, and a seriously ill-looking patient as
in algid malaria.

In the absence of classical clinical symptoms, a
careful elucidation of the case history, revealing ex-
posure to malaria risk in certain occupations or while
travelling, may assist the diagnosis. The classical
picture of paroxysm may be absent in immune or
semi-immune persons but variation in this picture is
more common in non-immune persons in whom the
clinical course may be severe and even fatal.

In countries where malaria does not exist, cases
of imported malaria may be completely missed, and
wrong diagnoses may be made in spite of the best
available laboratory facilities, often because the
clinician does not consider malaria as a possible cause
of the illness.

Reliability of clinical diagnosis
Assessment of the clinical symptoms, particularly

the presence of fever, forms the basis of malaria
diagnosis at the village level and also at the first
referral level in many areas. However, it is a very
imprecise means of diagnosis and investigations con-
ducted in tropical Africa showed that only about 46%
of patients so diagnosed were actually suffering from
the disease. On the other hand, some 15% of patients
clinically diagnosed as suffering from fevers due to
diseases other than malaria were in fact proved to
have clinically manifest plasmodial infections (5, 6).
A further study showed that the incidence of several

major symptoms of malaria, namely rigor, sweating,
headache, backache, nausea, vomiting and diarrhoea,
as well as the mean body temperature did not vary
significantly between malarious and non-malarious
febrile patients. Moreover, the body temperature may
not help in making the diagnosis in areas of stable and
hyper- and holoendemic malaria since reinfections
occur continually from infancy, producing extremely
polymorphic temperature variations which lack per-
iodicity. A correlation between the clinical manifes-
tations of malaria and the presence of parasitaemias of
10 000 asexual parasites of P. falciparum per 1l of
blood (0.2% parasitaemias) has been observed in
semi-immunes in areas of stable malaria transmission
(7) a

There are no clinical parameters which alone would
permit a reliable diagnosis of malaria so that, at pres-
ent, the microscopic detection of parasites appears to

a BAUDON, D. ET AL. Etude de deux strategies de controle des
paludismes, la chimiothe'rapie systematique des accesfebriles et la
chimioprophylaxie hebdomadaire dans douze villages de Haute-
Volta en zone de savane etzone rizicole de 1980 d 1982. Evaluations
paludometrique, immunologique, demographique, et etude de la
faisabilite. Resultats de la 3 annee d'etude et evaluation finale.
(Mimeographed document of the Organisation de Coordination et
de Cooperation pour la lutte contre les Grandes Endemie, 1984,
Doc. Tech. OCCGE No. 8450/84).

be the most reliable method for diagnosing malaria as
the cause of illness. This fact should be recognized
and efforts should be directed to creating more facili-
ties for the reliable microscopic diagnosis of malaria,
both in hospitals and rural health centres. However,
this will not be possible in many areas and guidance
should therefore be given to improve the health
workers' ability to make a clinical diagnosis of
malaria. A continuing priority is to prevent mortality
from falciparum malaria by establishing criteria that
would ensure the treatment and referral of cases
suffering from severe or complicated forms of the
disease. A high fever (39.5 °C and more) may be due
to malaria and simple means for measuring body tem-
perature should therefore be available at all levels of
health care. An alternative to the mercury clinical
thermometer for use at the peripheral level may be the
device in the form of a band or strip which is applied
to the patient's forehead for about 15 seconds,
provided that the band is not damaged by excessive
ambient temperatures. In addition, the identification
of certain characteristics of severe malaria at different
levels of the health services (Table 1) may facilitate
the diagnostic and referral procedure (71).

LIGHT MICROSCOPY AND
CLINICAL CHEMICAL TESTS

Diagnosis by light microscopy
Microscopic examination of thick blood smears,

which have been dehaemoglobinized and stained with
Giemsa, remains the method of choice for the diag-
nosis of acute or chronic malaria infection. This
technique allows for differentiation of the Plas-
modium species responsible for the actual malaria
infection. The examination of thin smears, fixed and
stained in Giemsa, allows better species differen-
tiation and provides information on haematological
parameters but is of lower sensitivity.

Standardization of the method makes it possible to
obtain an estimation of the number of circulating
parasites per 11. A limited amount of equipment is
required, mainly a microscope and facilities for pre-
paring stained blood films, and suitable persons in the
endemic areas can be trained to become excellent
microscopists. A microscope should, therefore, be
made available to the most peripheral health worker,
together with facilities for proper supervision and
support. It is evident that, without continued super-
vision and support, the provision of microscopes at
the peripheral level will not always yield reliable
diagnoses and the treatment given may not be
appropriate.
At present, the microscopes and materials provided

at the peripheral level for malaria diagnosis are not
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Table 1. Characteristics of severe malaria and their identification at different levels of the health services'

Identificationb

At peripheral or At intermediate At central
community level level hospital level

Clinical assessment
1. Difficulty in talking, sitting up, + + +

standing or walking
2. Cerebral malaria +* +** +**
3. Repeated vomiting of oral treatment + + +
4. Bleeding and clotting disorders + + +
5. Severe anaemia +/- + +
6. Jaundice +/- + +
7. Hyperthermia + /- + +
8. Circulatory collapse - + +
9. Haemoglobinuria - + +
10. Hypoglycaemia - +- +
11. Fluid, electrolyte, acid-base - +- +

disturbances
12. Complicating/associated infections - +- +
13. Pulmonary oedema - +- +

Exclusion of other diagnoses - +- +

Parasitological diagnosis
Hyperparasitaemia -( +) + /- +

e Based on reference 71, with subsequent modifications by an informal consultation on severe and complicated malaria held in Geneva on 14-16 March
1988 at WHO.

b Explanation of signs: assessment can be made always (+ ) or only sometimes ( + /-), or usually cannot (-) be made at this level.
* Confusion, drowsiness, convulsions are easily identified.

** Exclude meningitis (neck rigidity and photophobia are absent).
*** Exclude meningitis (lumbar puncture for CSF examination).

always chosen with a clear understanding of the
functions they have to perform and of the practical
constraints imposed by technical specifications and
the actual conditions under which the microscopes
have to be operated. Consequently, the selection of
light microscopes and other resources is a matter for
careful consideration in order to ensure employment
of their full potentialities.b The principal technical
constraint is the provision of a cheap, reliable light
source for adequate illumination of binocular micro-
scopes under all field conditions. Manufacturers
should be encouraged to provide a suitable solution
based on modern technology to overcome this
constraint.
The provision of microscopic diagnosis at the peri-

pheral level, however, presents several other prob-
lems and constraints which must not be ignored. For
example:

-training is expensive and requires efficient organ-
b See article by D. Payne in this issue of the Bulletin (pp. 621-

626).

ization for the selection of suitable candidates, the
preparation of courses, and the planning of refresher
training;
-proper maintenance of equipment, including rou-
tine provision of supplies, such as immersion oil and
staining materials, and periodic inspection of micro-
scopes, requires an effective infrastructure;
-a falsely optimistic confidence is often placed on
microscopists working at the peripheral level, whose
efficiency is often impaired because of failings in the
above requirements and because, in peak seasons,
they must frequently examine 100 slides in a morn-
ing; as a result, low density parasitaemias are often
missed and species diagnosis may be unreliable.

Clinical chemical tests as indirect indicators of
malaria infection
Clinical chemical tests are used as indirect indi-

cators of many diseases but their application to the
diagnosis of malaria has not been explored. If such
tests could be developed for malaria and if they prove
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to be cheap and reliable, they would be a valuable
diagnostic tool in areas where the provision of re-
liable microscopic facilities is impossible. Such tests
might be applicable for use at the periphery of the
health care system since simple strip or spot tests
are already available for many clinical chemical
parameters.

Malaria, especially that due to P. falciparum, is a
disease in which chemical changes are produced by
parasite-induced blood destruction. These changes
are usually quantitatively related to the degree of
blood destruction. In addition, pathological changes
in hepatic function are usually manifest in acute
malaria, even when parasitaemia is low or moderate.
Major disturbances of renal function are seen
in severe and complicated malaria and malarial
nephropathy, but rarely in uncomplicated falciparum
malaria. However, a mild proteinuria is very common
in acute malaria. Immune processes, in conjunction
with hepatic dysfunction, often lead to a significant
decrease in the albumin/globulin ratio. Thus, tests for
urobilin, albumin and haptoglobin degradation pro-
ducts in urine, as well as for lactate dehydrogenase,
glutamate pyruvate transaminase, sorbitol dehydro-
genase, and sodium and haptoglobin levels in blood
may be potential indirect indicators of acute malaria.
Table 2 lists the potential diagnostic value of these
indicators, as well as the other diseases which may
produce similar changes.

In addition to the indicators listed in Table 2, serum
bilirubin often shows a moderate increase in malaria,
but bilirubinuria is rare except in complicated malaria
with major hepatic involvement. Similar changes are

also observed in patients suffering from hepatitis
when bilirubin values are usually elevated in both
blood and urine.
The potential and the reliability of these and other

indirect indicators for malaria diagnosis should be
evaluated by studies correlating the chemical changes
with both clinical and parasitological parameters.

NEW TECHNIQUES

Recent studies on the parasite genome, together
with the production by genetic manipulation of pure
malarial antigens and the production of specific
monoclonal antibodies, have produced reagents
which may be used for the development of alternative
tests to microscopy for diagnosis. Infections due to
several other agents are now diagnosed entirely by
using materials of this kind.

DNA probes

The genomic DNA of P. falciparum possesses the
features required for specific identification of the
parasite in clinical diagnosis. It has abundant repeti-
tive sequences that are specific to the parasite and
appear not to be released or to survive free in the
blood stream after parasite lysis. These sequences can
be detected using hybridization. The two complemen-
tary strands of the DNA in the parasite are separated,
i.e., denatured by chemical or heat treatment, and
bound to a solid surface. They are mixed with a probe
DNA which is also denatured and contains a nucleo-

Table 2. Indirect indicators of malarial infections from tests on blood and urine specimens

Change in Potential
Indicator acute malaria diagnostic value Other diseases causing similar change in the indicator

Blood:
Urobilin Increase High Hepatitis, drug-induced haemolysis
Lactate dehydrogenase Increase Moderate Pernicious and haemolytic anaemia, mononucleosis,

myeloid leukaemia, hepatitis, toxic liver damage,
myocardial infarct

Glutamate pyruvate Increase High Acute hepatitis, early in myocardial infarct
transaminase

Sorbitol dehydrogenase Increase High Acute hepatitis and chronic liver dysfunction
Albumin (A) Decrease Moderate A/G ratio often decreased in infectious diseases

and hepatic dysfunction
Globulin (G) Increase Moderate
Sodium Decrease High Diseases causing dehydration, burns, pneumonia

Urine:
Urobilin Increase High Hepatitis, drug-induced haemolysis
Albumin Increase Moderate/high Various infectious diseases, renal diseases
Neopterin Increase Moderate Tumours, leukaemia, various infectious diseases
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tide sequence complementary to a repetitive sequence
in the parasite DNA. A second treatment allows
strands to hybridize with the parasite DNA. This
reaction may be visualized by detecting isotope emis-
sion or the activity of an enzyme bound to the probe
DNA.
The potential ofDNA probes for diagnosis was first

demonstrated in the laboratory by Franzen et al. (26)
using cloned DNA fragments from P. falciparum
which contained multiple, imperfect tandem repeats
of a 21-base pair sequence. Similar probes for P. fal-
ciparum containing 21-base pair repeats have been
described by other workers, some ofwhich have been
tested in the field with promising results (4, 33, 55).
More recently, synthetic oligonucleotides con-

taining the 21-base pair repeats have been tested as
diagnostic probes for P. falciparum. The synthetic
probes have no vector DNA and therefore have fewer
cross-reactions with contaminating DNA in the
sample. They can be labelled with a 32p giving spe-
cific activities or with an enzyme such as alkaline
phosphatase to give a colour reaction (12, 45-47,
52). The technique requires a defined volume of
blood (usually between 10 d1 and 200 1d) which is
obtained by fingerprick and placed into microtitration
plates or microfuge tubes. Samples can be frozen
and/or preserved in storage buffers. At present, the
samples must then be transported to a laboratory
equipped with a water-bath or incubator, sealable
hybridization bags, and labelled probes. The proces-
sing of samples is simpler when isotopically labelled
probes are used since these probes are able to hy-
bridize to target DNA when lysed digested blood is
directly filtered (4). 32P-labelled probes, however,
have short half-lives which require the probe to be
replaced each month, emit penetrating radiation, and
require autoradiography equipment. Enzyme-label-
led probes reduce the time required for hybridization
and its detection and are inherently more stable and
safe.
Enzyme-labelled probes at present require more

extensive sample processing and are less sensitive
than 32P-labelled probes. The thresholds of sensitivity
are about 50 parasites for plasmid-borne probes and
500 parasites for a single synthetic oligomer labelled
with alkaline phosphatase. However, both techniques
have so far produced false negatives and positives at
parasitaemias of between 5 and 2000 parasites/il
blood. Additional evaluation is necessary to deter-
mine whether these problems are inherent in the
methodology or can be eliminated by optimization of
the protocols. Both types of probes are potentially
inexpensive and their use should require relatively
little training and labour.
The enzyme-labelled probe has the potential to pro-

vide diagnosis of individual cases of malaria which
may lessen the need for unnecessary drug treatment.

Radio-labelled probes would not be applicable in
most of these situations. The synthetic oligonucleo-
tide probe conjugated with alkaline phosphatase
appears, under laboratory conditions, capable of
detecting parasitaemias of 0.002%. This is a level
which would be appropriate for diagnosis of P. falci-
parum in areas of unstable malaria (see p. 577). How-
ever, in order to adapt such a test to a clinical setting,
even in a central hospital, a number of problems
remain to be solved. For example:
-improvement of the material used to bind the
specimen;
- simplification of the denaturation and washing
step;
- guarantees that proteins in the blood (haemoglobin,
fibrinogen) do not bind the probe non-specifically;
-calibration of the colorimetric test.

In addition, before the technique could be taken to
the periphery as a clinical test, research will have to
be devoted to the following areas:

-the stability/shelf-life of the probes and ancillary
materials;
-simplification of the technique.

As stated above (see p. 577), a diagnostic test for
use as an alternative to microscopy in areas of stable
malaria could be less sensitive or even less specific
than that required in areas of unstable malaria since in
the former areas clinical malaria is generally associ-
ated with P. falciparum parasitaemias of around
10 000/gl. In stable epidemiological situations a test
that could be depended on to detect parasitaemias of
10 000 or more parasites per td would already be
operationally important. The enzyme-linked oligo-
nucleotide probe for P. falciparum might be used in
such a test if the method of its use could be adapted to
reliably detect high parasitaemia, e.g., by periodi-
cally monitoring the development of the colour
reaction. Alternatively, a general probe for all
malaria species, such as that based on telomeric
sequences of DNA, might also be useful in areas of
stable malaria (56).

Antigen detection
Solid-phase inhibition radioimmunoassays and

ELISA have been applied to demonstrate parasite
antigens in solubilized infected erythrocytes (2, 3,
41, 42). These assays were based on the ability
of washed, infected red cell antigens to inhibit the
binding of a radio- or enzyzme-labelled antibody to
a plastic coated with a crude malarial antigen from
cultures of P. falciparum. These methods were
reported to detect parasitaemias of 0.01-0.001 %. An
inhibition radioimmunoassay using a monoclonal
antibody has also been described, but it only detected
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45-85 % of microscopically positive blood films
(28). A dot-ELISA technique has been reported to
detect parasitaemias of 0.001 % in P. falciparum
cultures (40). Thus antigen detection has potential as
an indicator of parasitaemia, but the above tests are
not suitable for routine diagnosis, mainly owing to
difficulties in the standardization of the crude re-
agents used and the necessity of removing all anti-
malarial antibodies in the test sample to overcome the
problem of false positives.
Attempts have also been made to develop an anti-

gen detection test based on monoclonal or polyclonal
antibodies raised against specific excretory/secretory
antigens of P. falciparum. One study used a mono-
clonal antibody against a heat-stable antigen Pf93
released from P. falciparum prior to and at the time of
schizont rupture (62). A two-site radio- or enzyme-
immunoassay using this monoclonal detected the
antigen in 18 out of 25 sera from individuals with
microscopically confirmed P. falciparum infections.
The use of two different monoclonal antibodies
against the histidine-rich protein PfHRP-2 of P. fal-
ciparum in an antigen-capture assay detected the
antigen in 20 of the 25 serum samples. These tests
were only sensitive at parasitaemias of 0.08% and
above. Both these tests gave negative results with 40
sera from uninfected individuals. In a second study, a
four-step ELISA based on antigen capture by a mono-
clonal antibody against P. falciparum antigen with a
relative molecular mass (Mr) of 50 000, detected
parasitaemias between 0.001 % and 25% without
recording false positives; but a clear correlation
between the amount of antigen and parasitaemia was
not observed at low parasitaemias. One of the reasons
could be that the antigen persists in the serum for
several days after parasite clearance (25).

All the tests for detection of malarial antigens are
still at the initial stages of development. However, it
may be possible to adapt a test for diagnosis if the
target molecule has the following features:
-it should not be shed or persist in the circulation
independently of the parasite;
- it should be as abundant as possible to maximize
the sensitivity of the test;
-it should not show great genetic diversity in the
parasite population;
-it should be structurally different from non-
malarial antigens likely to be encountered in blood
samples, e.g., proteins of the host or other pathogens.

In addition, it may be an advantage to select target
protein(s) that is (are) common to all species of
human malaria. There are a number of well-defined
proteins which may fulfil these criteria. They include
antigens made by the parasite and located on or near
the surface of the infected erythrocyte, such as the
ring-infected erythrocyte surface antigen (RESA)

(58) and the histidine-rich proteins (68), parts of the
merozoite surface antigen(s), such as the precursor of
the major merozoite surface antigens (PMMSA) or
polymorphic schizont antigen (PSA) (18), and intra-
cellular proteins. At present, the best methods for
detection and visualization of antigens exploit the
monoclonal or polyclonal antibodies which bind
specifically to the target antigen.
There are several obstacles to be overcome before

this approach can be adapted for clinical use at any
level of the primary health care system, for example:
-host antibodies in the sample may bind to the anti-
gen and give a false-positive result; at present, this is
overcome in the laboratory by washing the blood
sample, a process which might be difficult except at
the central hospital facilities;
-the sensitivity of the test, related to the chosen
antigen and the detecting antibody, must be assessed;
-the visualization methods must be standardized,
simplified and applicable for use in areas with mini-
mal facilities.

DIAGNOSTIC TESTS
FOR EPIDEMIOLOGICAL STUDIES

The types of diagnostic tests used in epidemio-
logical studies are more varied than those used in
clinical practice and studies since they include tests to
measure past and present infections in the population,
tests to assess the drug susceptibility of these
infections, functional tests of the immune status of
an individual or a population, and tests to detect the
presence of infection in the mosquito. Large numbers
of individual tests may have to be carried out but it is
not so important that the results should be available as
quickly as for diagnosis in health care. These tests
for epidemiological studies can therefore be carried
out in a central laboratory, which has specialized
equipment, and should preferably be capable of
automation.

Diagnosis in man

(1) Techniques in routine use
Microscopic detection of parasites. Light micro-

scopy may be excellent for the diagnosis of individual
cases, but its use in large-scale epidemiological
studies has limitations since it is time-consuming, a
factor that also lowers the motivation of the micro-
scopist in situations where a large number of smears,
many of which do not contain parasites, have to be
examined. An alternative method capable of auto-
mation would therefore be operationally useful.
Measurement of drug susceptibility of P. falci-

parum. The development and spread of drug-resistant
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P. falciparum is a major epidemiological problem
for malaria control. In vitro tests to assess the
susceptibility of all antimalarial drugs in operational
use are currently applied throughout the world and
have provided valuable information.c These tests are
quantitative, reproducible, and can be standardized.
Their use on a wide scale is limited by the relatively
complex manipulations required, such as the culti-
vation of a blood sample at 37°C for 24-48 hours and
the eventual bias of the results by antimalarial or
other drugs taken by the patient before the test. A
simpler and faster test capable of measuring the pre-
sence of drug-resistant parasites would have wide-
spread application.
Measurement of antibody levels against asexual

blood stages. The measurement of antibody levels
against asexual blood stages is not useful for the man-
agement of individual cases of acute and chronic
malaria, but has a marked value in epidemiological
studies, e.g., for determining the geographical dis-
tribution of malaria, the prevalence of malaria infec-
tion, the intensity of malaria transmission and the
impact of malaria control programmes, the screening
of blood donors at risk in non-endemic areas, and for
research purposes.
The gel-precipitation test, the indirect haemaggluti-

nation test, the indirect fluorescent antibody test,
the radioimmunoassay, and the enzyme-linked im-
munosorbent assay (ELISA) have all been used for
serodiagnostic purposes. Today, precipitation tests
and radioimmunoassays are rarely used, the former
because of their low sensitivity, the latter because
they have almost completely been replaced by
ELISA.d

(i) Indirect fluorescent antibody (IFA) test. The
IFA test is still the most commonly used technique for
measuring antibodies against asexual blood stages.
The source of antigen can be prepared at the central
laboratories of most countries with endemic malaria.
With minimal care, the fixed antigen slides may be
used for one to three months when maintained dry at
room temperature. The sensitivity of the technique is
good and quantitative evaluation of antibody levels
can be obtained. However, it cannot be used in the
field because it requires special reagents and a UV
microscope. The method is also limited by the lack
of standardized reagents and the difficulty in deter-
mining end-point positivity.
The classical IFA test may be modified by fixation
C PAYNE, D. Practical aspects of the use of the standard WHO

in vitro macro and microtest systems for the determination of the
sensitivity of Plasmodium falciparum to chloroquine, mefloquine,
amodiaquine and quinine. Unpublished WHO document,
MAP/84.2, 1984.

d WORLD HEALTH ORGANIZATION. Immunodiagnosis in
malaria. Unpublished document, WHO/MAL/85.1018, 1985.

of parasitized red blood cells with glutaraldehyde to
allow the specific detection of antibodies directed
against a ring-infected erythrocyte surface antigen
(RESA). Mature parasites, i.e., schizonts, have been
used as antigens in research on the reactivity of anti-
sera of individuals with various exposures to malaria
in order to study the relative importance of antigenic
diversity for parasite components expressed at the
surface of the red blood cell.

(ii) Indirect haemagglutination (IHA) test. This
technique is simple, the reagents, i.e., red blood cells
coated with malarial antigen, can be prepared in any
central laboratory, and a large number of samples can
be processed by locally trained personnel. The main
limitations of this technique are its low specificity in
endemic areas, where a high percentage of sera from
malaria-infected patients agglutinate non-sensitized
indicator red cells, its low sensitivity for the detection
of antibodies in children and in recent primary infec-
tions, and the lack of standardized reagents. This low
specificity is related to the fact that red cells have been
mainly coated with crude extracts of parasitized red
blood cells which contain only low concentrations of
malarial antigens. This test could be improved by:
-the use of standardized latex particles or similar
particles coated with malarial antigens; and
-the use of standardized and characterized malarial
antigen for the coating.

(iii) Enzyme-linked immunosorbent assay (ELISA).
This is a simple technique requiring a limited amount
of malarial antigen which can be fixed on a variety of
solid supports from multi-well plastic plates to nitro-
cellulose paper. It can be automated for use in central
laboratories where large numbers of samples have to
be processed and the results quantitated, or it may be
used under field conditions where the test is semi-
quantitative and can be read visually.
The main limitations are the interlaboratory vari-

ation due to difficulties in standardization and the
relatively poor specificity and sensitivity of the
ELISA when parasitized red blood cell extracts are
employed for the coating of solid support. The
method could be improved by the use of purified
antigens (see pp. 585-586).

(2) Methods under evaluation
DNA probes in epidemiological studies. Prelimi-

nary field validation studies of the P. falciparum-
specific DNA probe reported by Barker et al. (4) have
now been completed in Thailand and Kenya. The
results of the probe-DNA analysis were compared
with examination of Giemsa-stained thick blood films
in three separate clinic-based studies. Each study
included 500-700 individual patient samples. The



MALARIA DIAGNOSIS

prevalence of P. falciparum infection ranged from as
high as 44% in one study in Kenya to 13% in the two
studies in Thailand. In the two studies in Thailand,
the results of microscopic and DNA-probe analysis
were identical in 96.5% and 98.6% of the patient
samples respectively, whereas identical results were
found in 87% of the samples in Kenya. Analysis of
the false negatives using the DNA probe method, i.e.,
samples with parasites detected by microscopic
examination and not by DNA probe, indicated that
more than 90% of these samples had parasitaemias of
less than 40 parasites/IL blood. This is somewhat
above the lower limit of detection of standard micro-
scopy (i.e., 100 microscope fields=4 parasites/jd
blood), and re-examination of some of these slides
indicated that at least 50% of those slides originally
declared as positive by microscopic examination and
negative by DNA probe were negative upon re-
examination of the same slide.
These studies have been extended to a large number

of patients in Brazil, Kenya, Sri Lanka, and Thailand.
A total of more than 3000 patients were screened for
malaria infection in these four countries. In each
study, separate microscope slides were prepared and
examined by both routine and expert microscopists. It
was concluded that the DNA-probe method compares
reasonably favourably in sensitivity with routine
microscopy, detecting parasite densities as low as
40 parasites/Al blood. It offers the advantage of a
standardized procedure that can be automated. An
important feature of this method is its reproducibility
over a large number of samples without opportunity
for significant reader bias.
The method is now being assessed in larger-scale

epidemiological studies, one of which, a village sur-
vey in the Chiang Mai area of Thailand, has been
completed. Six local teams were trained in this latter
study in sample collection and in the application of
DNA to filters. A total of 5000 blood samples were
collected over an eight-day period and were hybrid-
ized with the probe DNA at the site of collection.
Initial results were complete within a week after the
end of the survey. Subsequent analysis of blood films
taken simultaneously was completed over a period
of several months. DNA detection and microscope
examinations gave similar results in 99.2% of the
survey samples, i.e., 98.3% (4430 samples) were
negative and 0.9% (41 samples) positive by both
methods. The DNA probe gave a false-positive result
in 13 of the survey samples and a false-negative result
in 22 samples when compared with microscopic
examination (Table 3). These results indicate a speci-
ficity of almost 100% and a sensitivity of approxi-
mately 65 %.
The DNA probe method may have advantages over

microscopic examination for the detection of mixed

infections. All mixed P. vivax/P. falciparum infec-
tions were initially identified by microscopists as
single P. vivax infections, but showed hybridization
with the P. falciparum-specific DNA probe. Subse-
quent re-examination of the blood films confirmed
these mixed infections. This advantage may be es-
pecially important in areas where drug-resistant
P. falciparum exists because chemotherapy is differ-
ent for the two infections.

Species-specific probes are also needed for other
human malaria parasites. Attempts are currently
being made to isolate probes for P. vivax and P. mala-
riae but, so far, suitable repetitive sequences have not
been described from the libraries which have been
produced. Contamination of these libraries with host
DNA has been a major problem.
Improved IHAandELISA testsfor detection ofanti-

bodies against asexual blood stages. The wide
application of IHA and ELISA for the serodiagnosis
of malaria has been impeded by the limitations des-
cribed above. There is evidence that these limitations
may be overcome by using defined and purified anti-
gens. For example, using purified and defined
malarial antigens in the ELISA, it proved possible to
measure in a reproducible way the antibodies against
asexual blood stages of P. falciparum in children, to
increase the sensitivity and specificity, and to stan-
dardize the method (27). The antigens employed
were a polypeptide of Mr 41 000 present in the
rhopteries and a 31-1 fusion polypeptide correspond-
ing to a merozoite surface antigen. The availability of
such defined antigens should not be a major problem
since a number of specific asexual blood-stage
antigens have been produced by isolating the appro-
priate gene and expressing it in a suitable vector, by
polypeptide synthesis, and by the laborious process of
purification from parasite extracts. Appropriate anti-
gens or mixtures of antigens will be required to
achieve the highest sensitivity and specificity in diag-
nostic tests for all species ofhuman malaria parasites.

Table 3. Comparison of malaria diagnoses by DNA probe
and light microscopy in a survey conducted in the
Chiang Mai area of Thailanda

Microscopic diagnosis

Negative Positive Total

DNA diagnosis:
Negative 4430 22 4452
Positive 13 41 54

Total 4443 63 4506

a Based on D. Wirth, personal communication, 1987.
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Such tests would allow studies to be conducted on:

(i) the relationship between antibody levels of
known specificities and occurrence and severity of
malaria infection;

(ii) the role of antigenic diversity and of the cross-
reactivity of antigens from different species in the
epidemiology of malaria; and

(iii) genetic restriction of antibody responses.

Antigamete antibody assays. Antibodies in human
sera to gametes have been shown either to inhibit
the development of the parasite in the mosquito and
thus suppress the infectivity of malaria patients or,
at different concentrations, to have an opposite effect
on the parasite and to enhance infectivity in P. vivax
(48). Antigamete antibodies thus influence the in-
fectious reservoir of human malaria and their
measurement provides important epidemiological
information.
High levels of antigamete antibodies of P. vivax in

human sera have been shown to correlate with the
transmission-blocking ability of the sera and thus
provide a useful indicator of transmission-blocking
immunity. This correlation has not been demon-
strated in P. falciparum. Transmission-blocking in
the latter species is associated with epitope-specific
effects and the presence of antibodies to the target of
transmission-blocking antigens does not ensure func-
tionality. There are at least two epitopes identified on
each of the target proteins of P. falciparum, only
one of which is involved in the transmission blocking
(65).
An IFA test using female gametes as antigen has

been developed to determine antigamete antibody
titres in human sera for both P. vivax and P. falci-
parum (49; Mendis, personal communication, 1987).
The test may be performed using either live, unfixed
gametes in suspension to measure direct antibodies
against the gamete surface or air-dried gametes to
measure the total antigamete antibodies.

Since target antigens of transmission-blocking
immunity are located on the surface of gametes,
antibodies against the gamete surface provide a more
appropriate estimation of transmission-blocking
immunity. However, the use of gamete suspensions
rather than "fixed" parasites requires more parasite
material. IFA titres against air-dried or "fixed"
gametes have been found to be generally one or two
titres higher on a doubling scale of dilutions than
titres against live unfixed parasites, indicating a
parallel between "anti-total" and "anti-surface"
antibodies. For epidemiological studies, it is there-
fore preferable to use air-dried or "fixed" gametes in
an IFA test.
Other immunoassays such as ELISA and the im-

munoradiometric assay (IRMA), which are less

subjective than the IFA test, are being currently
developed as alternatives to the IFA test. These
assays require highly purified gamete preparations
which are difficult to obtain, particularly in the case
of P. vivax. This limitation could be overcome, how-
ever, by the use of defined surface antigens, such as
those implicated in the development of transmission-
blocking immunity (16, 49).
The above-described tests for measuring anti-

gamete antibodies are being used on a limited scale at
present and are being validated for epidemiological
studies.
Antisporozoite antibody assays. The original

method used to detect antisporozoite antibodies was
the circumsporozoite precipitation (CSP) test. This
test, which required live sporozoites and an appro-
priate microscope, was difficult to perform and also
had a low sensitivity. The IFA test using either
glutaraldehyde-fixed or live sporozoites was found to
be more sensitive (53). It was used to demonstrate
that sporozoite antibodies against P. falciparum and
P. vivax occurred in a wide proportion of individuals
living in endemic areas and that their prevalence
among the population, as well as their antibody titres,
increased as a function of age (53, 61). This
technique was subsequently modified by using wet
sporozoite preparations attached to polylysine-treated
glass slides in order to detect antibodies to the surface
sporozoite antigens (23). Despite their sensitivity and
specificity, these IFA techniques have disadvantages.
They need a continuous supply of sporozoites, an
appropriate fluorescence microscope, and well-
trained personnel. These requirements are rarely
available in endemic countries.

Recently, the amino-acid sequence of the circum-
sporozoite (CS) protein of several plasmodial species
has been determined. The immunodominant epitopes
of these proteins consist of tandem amino-acid
repeats. The repetitive sequences of CS proteins from
P. falciparum and P. vivax were highly conserved
among the isolates investigated and represented the
main target of the antibody response. These peptides,
obtained either by chemical synthesis or genetic en-
gineering, are powerful tools for the development of
simple assays for the detection of antisporozoite anti-
bodies in human sera.
Three peptides consisting of different numbers of

the P. falciparum CS repeat (Asn-Ala-Asn-Pro=
NANP) have now been used to develop ELISA tech-
niques for the detection of specific antisporozoite
antibodies. These are the synthetic (NANP)3 peptide
coupled to bovine serum albumin (15, 75), the syn-
thetic (NANP)40 peptide (21, 22), and the recombi-
nant R32tet32 peptide (30).
ELISA techniques based on the use of these specific

peptides have been applied to seroepidemiological
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studies in malaria endemic countries and have con-
firmed the age-dependence of the prevalence of anti-
sporozoite antibodies originally reported with the
IFA test (15, 21, 22, 31, 67).
These methods are likely to become extremely

useful for the estimation of mosquito inoculation
rates. They should also be of great value for studying
the evolution of the antisporozoite antibody response
and the correlation between these antibodies, pro-
tection, and individual diversity of the immune
response.
The repetitive peptide-based ELISAs offer several

advantages over the IFA. Dissection of mosquitos is
not necessary to obtain sporozoites, they do not use
radioactive material, they are simple and do not
require specially trained personnel, and the peptide-
coated microplates are stable over a long period. A
possible limitation of these assays is their inability to
detect antisporozoite antibodies directed against non-
repetitive sequences of the P. falciparum CS protein
(Del Giudice, personal communication, 1987). How-
ever, the significance of such antibodies is unknown
and awaits clarification on the role of non-repeated
CS sequences.
Functional assays of immune status. Three types

are described below.
(i) Inhibition of sporozoite invasion. Functional

assays can assess the in vitro activity of antisporozoite
antibodies in sera by measuring the ability of a given
serum to inhibit the invasion of sporozoites into hepa-
toma cells or primary human hepatocytes and their
development into exoerythrocytic forms (32, 43). As
these assays require cell-culture facilities and a con-
stant supply of sporozoites, they are not easily appli-
cable in many laboratories in endemic areas. More-
over, it is not yet well established if inhibition of
invasion in these assays correlates with protective
immunity in vivo. This kind of assay, however, is
useful for the evaluation of antibodies and/or other
factors inhibiting invasion in sera from residents of
endemic areas and from vaccinated volunteers.

(ii) Transmission-blocking immunity. An in vivo
functional assay has been developed to assess trans-
mission-blocking immunity. It uses a membrane-
feeding technique in which washed gametocyte-infec-
ted blood obtained either from in vitro cultures or
infected humans is mixed with the test antibody (or
serum) and fed to laboratory-bred mosquitos through
an artificial membrane. After a week, the midguts of
the mosquitos are dissected to estimate the number of
developing parasites. This assay depends on the
availability of a colony of laboratory-bred mosquitos
and a source of infective gametocytes. It requires at
least 100 Id of serum. These factors, as well as the
complex procedure, limit the application of the test

which gives a very good assessment of the functional
immune response.

(iii) Cell-mediated immunity. T-lymphocytes play
a crucial role in the acquisition and maintenance of
immunity against malaria, regardless of whether pro-
tective immunity is mediated by antibodies, by cells,
or by both. However, activation of T-cells may also
induce suppressor mechanisms. Attempts to monitor
cellular responses in the context of epidemiological
surveys or clinical trials have only just begun. These
investigations have become possible as a result of
recent studies on the mechanisms of lymphocyte
activation and the development of new methods to
measure it, including microtechniques suitable for
field application. The development of these methods
has been greatly assisted by the availability of defined
malarial antigens allowing more accurate determi-
nation of the capacity of different antigens to induce
suppression, T-cell memory, B-cell help, or macro-
phage activation.
The following assay systems measure cell-mediated

responses:
- T-cell activation. Several assay systems for study-
ing T-cell activation in vitro exist. The most com-
monly used method involves measuring their prolifer-
ative response to an antigen by determining the
uptake of radioactive nucleotides (63). The test is
simple and can be used to determine cell-mediated
responses in populations. The need for radioactive
nucleotides can be avoided by using a chromogenic
substrate to measure a selected lysosomal enzyme
activity (39) or mitochondrial activities in living
cells (51).
-Measurement ofcytokines. Insight into the possible
protective significance of lymphocyte responses may
be gained by measuring the production or consump-
tion of cytokines such as the interleukines (IL-1 to
IL-5) which are instrumental in the T-cell-dependent
regulation of the immune response and its effector
phase. These assays have been used to monitor im-
mune responses during infection, as well as to charac-
terize different immunogens for their capacity to
induce T-cell memory, B-cell help, or cell-mediated
immunity.
Other soluble cytokines of importance in malaria

are the interferon-gamma (IFN-Y), a potent macro-
phage activator, and the tumour necrosis factor
(TNF) cachectin involved not only in protection but
also in the immunopathology of the disease (1, 9, 29).
All these regulatory factors can be assayed in small
aliquots (0.5-1.0 ml) of the same blood sample and
there is no need for lymphocyte purification. Com-
mercial assays (ELISA) are available for the determi-
nation of IL-1, IL-2, IFN-Y and TNF and will soon
be available for IL-3 and IL-5. These assays are
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relatively inexpensive.
- T-dependent antibody protection. Direct infor-
mation on how T-cells regulate antibody production
can easily be obtained in T/B cell cooperation
systems allowing the determination of T-cell-depen-
dent production of specific antibodies in vitro either
in supernatants (38) or at the single cell level (20). It
should also be possible to determine if individuals
exposed to malaria produce antibodies of a desired
specificity by incubating cells obtained from 200 Id
of fingerprick blood on antigen-coated microtitration
plates or nitrocellulose strips for a couple of hours
and then removing the cells and testing for an anti-
body/antigen reaction by standard ELISA procedures
(66).
-Immunosuppression. The assay of prostaglandin E2
(PGE2) or arachidonic acid metabolites of known
immunoregulatory function may give some indication
of immunosuppression.
-Phenotyping of cells. The phenotypic characteri-
zation of lymphocytes can be carried out in 200 ul of
fingerprick blood using commercially available
monoclonal antibodies and immunofluorescence
or enzyme-linked immunostaining on microscope
slides. The disadvantage of this method is that the
leukocyte fraction has to be enriched by lysing the red
cells or by gradient centrifugation. This problem may
be overcome by using antibody-coated immunobeads
or a magnet to separate defined cell subsets. Counter-
staining of the cells easily distinguishes between
mononuclear and polymorphonuclear cells.
Assay systems for use in the field should involve

the determination of early "lymphocyte activation
markers" to avoid the need for lymphocyte culture
equipment. One such marker is the IL-2 receptor
which is practically absent in non-mitotic T-cells but
is induced temporarily by antigenic, allogenic or
mitogenic stimulation. Other early activation markers
on T-cells include the receptors for transferrin (37)
and insulin (83), as well as the Ia/DR complex (24).
A more direct way of characterizing a proliferating
subpopulation of cells is to determine the ratio of
CD4+ (mainly T-helper/inducer cells) to CD8+
(mainly T-suppressor/cytotoxic cells). The CD45R
surface antigen distinguishes between two subsets of
CD4+ cells where the CD45R- population acts as
antibody inducer cells and the CD45R+ subset as
suppressor inducer cells (60). The ratio of CD45R-
to CD45R+ cells has been a useful measure for
monitoring patients with immunologically-mediated
diseases (50).
-Growth factor and receptor analysis. Human
oligonucleotide probes have recently become avail-
able for the analysis at the mRNA level of growth-

factor induction and of receptor synthesis. It is now
possible to assay autoradiographically for five differ-
ent growth factors or receptors in a small number of
cells (0.5-1 x 106) within a couple of hours (59). By
increasing the time for the autoradiography, it should
be possible to decrease the cell number. Sample col-
lections and technical problems with these assays are
the same as discussed above (see pp. 581-582) for
using DNA probes for the detection of parasites.
- Cell-mediated effectorfunctions. The effector cells
which play a role in immune protection against
malaria parasites include cells of the monocyte-
macrophage series and possibly also various granulo-
cytes and natural killer (NK) cells (10, 17, 36, 54).
Although these cells may become activated non-
specifically, the major pathway of activation appears
to be initiated by antigen-stimulated T-cells and
controlled by soluble regulatory factors. Killing of
the parasites or parasitized erythrocytes may involve
phagocytosis, but these important mechanisms
appear to involve release from the effector cells of
non-specific serum factors or reactive oxygen inter-
mediates which kill the intraerythrocytic parasites.
Tests to assess these cellular reactions involve inhi-
bition of parasite growth and induction of crisis forms
in vitro by monocytes, polymorphonuclear cells, or
NK cells from infected donors.

(3) Potential tests
Detection of parasites. Flow cytometry has been

shown to be capable of automatically detecting para-
sitized red blood cells but it is of limited application
owing to the sophisticated and expensive equipment
required (35).

Parasitized blood cells can also be detected by cen-
trifugation of blood in glass capillary tubes coated
with potassium oxalate and acridine orange, the para-
sites being detected by UV microscopy (57). The
method is reported to be capable of detecting within
one minute 1 parasite in 5 x 106 to 5 x 107 red blood
cells. The method cannot distinguish parasite species
and has not been fully evaluated.
DNA probes for drug resistance and other pheno-

typic characteristics. DNA probes could be used in
the genetic analysis of genomic changes associated
with such complex phenotypic characteristics as drug
resistance, virulence, and the expression of antigenic
determinants. There are two approaches to the devel-
opment of such probes, i.e., the direct identification
of the mutant gene or the identification of markers
closely linked to the phenotype which can be used as
genetic or biochemical markers.
The gene for altered dihydrofolate reductase/thy-

midylate synthase has been cloned from pyrimetha-
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mine-resistant parasites using heterologous probes
(34), and so a direct gene probe for the altered gene
should be easily developed. In contrast, little is
known of the mechanism of resistance to other drugs
and therefore a more general screening approach will
be required. Currently, a restriction fragment length
polymorphism map of the complete human genome is
being developed and already markers for numerous
genetic diseases have been identified. As the genome
of P. falciparum is 100-fold smaller, it should be
possible to map it using methods developed for
the human genome. Chromosomal differences have
already been identified between mefloquine-resistant
and -sensitive clones of P. falciparum (Wirth, per-
sonal communication, 1987).
Ribosomal RNA gene probes. Ribosomal RNA is

the most abundant nucleic acid in the living cell. Each
ribosome has four different RNA molecules. The
gene for one of these, the 18S molecule, has been
sequenced from both P. falciparum and P. berghei.
Comparisons between the sequences reveal extensive
homologies, but at the same time there are enough
differences between them to allow species-specific
DNA probes to be synthesized. It has been argued
(44) that these could be used by hybridizing to the
ribosomal RNA as an alternative form of diagnostic
probe.

Definition of T- and B-cell epitopes in plasmodial
antigens. Recent progress in immunological research
has shown that in a given antigen some structures are
specifically recognized by T-lymphocytes, whereas
others are recognized by specific antibodies. The
search for T- and B-cell epitopes in plasmodial anti-
gens is of particular importance for the development
of an effective malaria vaccine able to induce a spe-
cific immune response to the parasite. This approach
has been recently applied to the circumsporozoite
protein of P. falciparum in order to define epitopes
recognized by the great majority of individuals, thus
avoiding the risks of genetic restrictions as shown in
experimental models.

Test for delayed-type hypersensitivity in malaria.
The classical in vivo test for cell-mediated immunity
is to elicit cutaneous delayed-type hypersensitivity
(DTH) by the intradermal injection of an antigen.
Several studies in mice and monkeys have shown that
immune protection against malaria may correlate
with DTH and other functions, such as macrophage
activation. Thus, in epidemiological surveys or vacci-
nation trials, skin tests with defined malarial antigens
may yield important information.

Diagnosis of infection in the mosquito
Theoretically, the antibody levels against sporo-

zoites in the human should reflect the local intensity
of transmission but the inoculation rate can be more
reliably determined by the detection of sporozoites
in the salivary glands of the mosquito. A range of
methods exists for detecting sporozoite infection in
the mosquito, and the one that is selected will depend
on the information required, the epidemiological pur-
pose of the investigation, and the available resources
and manpower. In some simple epidemiological
situations, the use of the traditional method of micro-
scopic examination of dissected mosquitos may be
adequate, but the use of newer techniques, such as the
detection of antigens by monoclonal antibodies, may
be more applicable for complex situations. Such tests
have only recently been developed and it will be some
time before they become widely established for field
use since, for example, personnel have to be trained
in their use and a reliable supply of test materials must
be assured. Eventually, however, they can be expec-
ted to complement other recent advances in entomo-
logical techniques (e.g., techniques in taxonomy and
for the characterization of resistance to insecticides)
and to increase the entomological contribution to
epidemiological analysis, programme stratification,
and operational effectiveness.

(1) Current methods
Sporozoite detection by dissection and microscopy.

This is the classical method which is widespread in
its application. Equipment and reagents are standard
and usually available, at least in most central labora-
tories. The method is labour intensive and skill is
required for both the dissection and identification of
the different parasite stages under the microscope.
Sensitivity is very subjective and, even in practised
hands, it is probably slightly lower than with the
immunoassays.
Normally, mosquitos are dissected immediately

after they have been immobilized and the presence of
sporozoites in the salivary glands can be determined
quickly with individual mosquitos but examination of
large samples takes time. The method can be inexpen-
sive if labour costs are low and is safe if proper
insectary practice is followed. The number of sporo-
zoites per gland can be counted using a haemocyto-
meter but, generally, infection rates are determined
semi-quantitatively or qualitatively. The major dis-
advantage, in contrast to immunoassays, is that the
parasite species cannot be determined.

Other current methods. Sporozoites can also be
isolated by density gradient column separation, mem-
brane screen filtration and gradient centrifugation,
followed by microscopy. Although these methods
enable processing of large numbers of mosquitos,
their use has never been widespread and they are
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incapable of determining the parasite species.

(2) Methods under evaluation
Immunoradiometric assay and ELISA. Infective

sporozoites are surrounded with the circumsporozoite
protein which is species-specific. Monoclonal anti-
bodies to this protein have been obtained and, at least
those to the protein of P. falciparum and P. vivax
react with sporozoites of all the geographically dif-
ferent isolates tested (74). They are therefore ideal
reagents for use in antigen-capture tests to detect
infective sporozoites. Two such tests, the two-site
IRMA (73) and the similar ELISA (13, 14, 64, 72)
have been developed and are being evaluated for
epidemiological studies (8, 19).
Both these assays are based on the use of a mono-

clonal antibody which reacts with the antigen on the
wall of microtitration plate wells, the reaction being
detected by a label. The label is 125I in the immuno-
radiometric assay which is not recommended for use
in laboratories in the tropics for reasons of expense
and safety. The ELISA, which yields comparable
results, uses chromogenically-labelled horse-radish
peroxidase, bound either directly to the monoclonal
antibody or with the intervention of biotin and strep-
tavidin, to detect the antigen/antibody reaction.
Biotinylation is chemically simple, in contrast to
direct coupling with peroxidase. Streptavidin, which
is also commercially available with three biotin-
peroxidase complexes, has an amplifying effect on
the colour reaction. It is preferable to determine the
antigen/antibody reaction with a spectrophotometer
but visual examination of the colour reaction can
yield good results, both in terms of positivity and
intensity of colour reaction. The correlation between
actual numbers of sporozoites and the intensity of the
colour reaction is imperfect, but semiquantitative
results can be obtained. Positive controls are required
for the test. These can be synthetic or recombinant
antigen or sporozoites from laboratory-infected mos-
quitos. These may not always be easy to obtain,
particularly in the case of mosquitos infected with
P. malariae.
The technique does not save time or labour unless

mosquitos are processed in batches but, since sporo-
zoite infection rates can be determined according to
parasite and vector species, the method is highly
applicable for providing precise information for epi-
demiological analysis. It also has other advantages.
For instance, mosquitos can be dried and examined
after grinding in a detergent, a procedure which can
be carried out independently of the time and place of
capture. As only part of the ground mosquito material
is utilized, dubious tests can easily be repeated. In
addition, one or more specific monoclonal antibodies

can be combined with an initial test and positive tests
can be repeated with individual antibodies. Sensi-
tivity is equal to or better than that of microscopy
since 10-100 sporozoites can be detected. The
method allows mosquito pools to be tested in areas
with low sporozoite rates. Plasmodial species can be
distinguished since the monoclonal antibodies are
species-specific.
The technique also has disadvantages. Skilled per-

sonnel are required to reset the test if the control
results do not fit the expected pattern. The reagents
have to be prepared and kept frozen or at 40 C
throughout their life-span. Abdomens have to be sep-
arated from the rest of the mosquito body before
grinding. This, however, has the counter-advantage
of making it possible to use the abdomens for deter-
mination of the presence of oocysts, the parity, and
the source of a recent bloodmeal in the mosquito.

Fluorescent antibody tests. An alternative approach
to the difficult task of counting sporozoites in salivary
glands or other mosquito tissue is to use a fluorescent-
labelled monoclonal antibody to the circumsporozoite
protein, the antibody/antigen reaction being detected
by a UV microscope. This technique is obviously
expensive and requires skilled personnel, but it can be
used in conjunction with other techniques to study the
release and distribution of sporozoites within the
mosquito, the effect of mosquito factors, including
bloodmeals, on sporozoite development, as well as to
determine the number of sporozoites transmitted and
their infectivity. This method has more applications in
laboratory-based research than in field epidemiology.

DNA probes. The DNA probes described for detec-
ting the presence of parasites in man may also be used
for parasite detection in mosquitos. Such probes can
be species- or genus-specific. Their practical useful-
ness in this context remains to be determined.

(3) Potential methods
At present, there are no methods to study the epi-

demiological relationship between the mosquito
population and the human reservoir. Antigen capture
and DNA-probe techniques might be developed (i) to
determine the source of bloodmeals for calculation of
the human blood index, and (ii) to detect malaria
parasites and antibodies in the bloodmeal in order
to provide information on the parasite reservoir and
immune status of the human population.

RECOMMENDATIONS

1. The use of light microscopy for malaria diag-
nosis should be expanded as far into the periphery of
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the health care services as possible. Facilities for
light microscopy should be available and competently
operated, at least at those levels to which malaria
patients may be referred because of treatment failure
or severe illness. This is particularly important in
areas where drug-resistant falciparum malaria exists
and treatment with more expensive and less well-
tolerated drugs has to be considered.

2. There is a need to develop alternative methods
to light microscopy for the diagnosis of malaria. The
materials needed should be cheap, simple to use, and
have long shelf-lives while the equipment required
should be appropriate to the level of the health
services where they will be used.

3. These alternative methods for malaria diagnosis
should be critically assessed in field situations and
those which are found to be useful should be fully
standardized and made available, wherever possible,
with a standardized protocol. Technicians and health
workers who are routinely involved in malaria diag-
nosis should play an active part in this development.

4. DNA probes should be evaluated with a view to
introducing them as standard methods for parasite
detection in epidemiological studies.

5. Non-radioactive probes should be developed
and their potential for use in epidemiological studies
assessed. Such probes may also have potential for the
diagnosis of malaria in individual cases, but this will
require further methodological development.

6. Competent scientists, technicians and health
workers from endemic countries should be identified

and trained to use the new diagnostic techniques, to
evaluate them, and to integrate them into control
programmes where appropriate. This should assist in
the transfer of technology from the laboratory to
the field.

7. Staff of malaria control programmes should be
made aware of the potential risks associated with the
re-use of blood lancets, particularly in the trans-
mnission of hepatitis and possibly even AIDS. They
should also be strongly urged to employ either single-
use, disposable or properly-sterilized lancets when
collecting blood specimens for diagnosis. Procedures
for resterilization, if applicable, as well as for the
disposal of potentially dangerous material should be
established and monitored for proper compliance.

8. The potential and diagnostic value of simple
chemical and immunological tests as indirect indi-
cators of malaria should be assessed.

9. Guidance should be given to health workers,
particularly those at the periphery of the health
services, to improve their clinical diagnosis of
malaria and to help them recognize the signs in
serious cases requiring referral.

10. Manufacturers of international repute should
be encouraged to develop a standard binocular field
microscope at reasonable cost which retains all the
capabilities of the basic laboratory microscope. This
field microscope should have optics and mechanics
which will be resistant in tropical conditions; it
should also have an improved illumination system
with higher efficiency and greater adaptability for use
in natural daylight or with batteries or mains supply.

UME

DIAGNOSTIC DU PALUDISME: MEMORANDUM D'UNE REUNION DE L'OMS

La chloroquino-resistance et la polychimioresistance de
Plasmodium falciparum sont apparues et se sont propagees
dans bien des zones d'enddmie palustre; or le traitement de
ces cas de paludisme resistant exige des medicaments plus
coiteux et pas aussi bien toleres que la chloroquine. nI
est donc urgent que le traitement antipalustre specifique
s'appuie sur un diagnostic fiable obtenu rapidement, en
particulier 'a la peripherie des services de sante.
Les besoins diagnostiques varient considerablement avec

les situations epidemiologiques. En region a paludisme
instable, en Thallande par exemple, la transmission est tres
localisee, nettement saisonniere, et met en jeu d'autres
especes de plasmodies que P. falciparum. La maladie
clinique a souvent une origine professionnelle et s'observe
essentiellement chez l'adulte, associee a une paucipara-
sitemie. En fait, les sympt6mes de paludisme apparaissent
parfois avant que la parasitemie soit decelable. Inverse-
ment, en zone a paludisme stable, en Afrique de l'Ouest par
exemple, la transmission est importante, acyclique dans
certains secteurs et saisonniere dans d'autres. P. falciparum

est l'espece plasmodiale dominante et c'est dans le jeune
age, ordinairement avant 5 ans, que s'observent l'essentiel
de la mortalite et une bonne partie de la morbidite palustres.
En milieu rural, les sujets les plus enclins a faire un palu-
disme clinique sont le jeune enfant et la femme enceinte,
meme si ces manifestations s'observent parfois chez l'adulte
en milieu urbain.
Pour le moment, l'examen microscopique permet seul de

poser un diagnostic exact de la parasitemie, lorsqu'il est
realisable et bien conduit. Le diagnostic individuel de
paludisme peut s'appuyer sur la microscopie optique, a
condition toutefois que le resultat puisse etre communique
rapidement a la personne chargee du traitement.
Le diagnostic microscopique est l'une des pfeces mai-

tresses des soins de sante dans des pays comme la Thalilande,
oii il est pratique jusque dans certaines regions de la peri-
pherie, alors qu'en Afrique il n'est realisable ni a la peri-
pherie, ni meme souvent au premier niveau de recours.
Cependant, comme le microscope est encore le seul outil
diagnostique fiable, l'ideal serait de disposer de microscopes
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dans les regions les plus reculees de tous les pays, mais il
faudrait au moins que ce materiel et un personnel forme
a son utilisation soient disponibles a l'echelon ou les
impaludes sont susceptibles d'etre dvacues devant un dchec
therapeutique ou une symptomatologie s6vere.

L'evaluation des sympt6mes cliniques, notamment la
presence de la fievre, est la base du diagnostic au niveau
du village, mais 6galement au premier niveau de recours
dans bien des r6gions. C'est toutefois une methode bien
imprecise et des investigations en Afrique tropicale ont
montre que 46% seulement des patients classes comme
impaludes l'etaient rdellement. On a observe des mani-
festations cliniques de paludisme associees a des para-
sitemies a falciparum de 10 000 formes asexuees par
microlitre de sang (parasitemie de 0,2%) chez des sujets
semi-immuns en zone a transmission palustre stable.
Dans les secteurs impossibles a equiper pour la microsco-

pie optique, des epreuves de chimie clinique fiables et
bon marche pourraient constituer des indicateurs indirects
interessants du paludisme. Malheureusement, peu de
recherches ont ete consacrees a de telles applications.
Les epreuves diagnostiques mises en ceuvre dans les

dtudes epid6miologiques sont plus variees que celles em-
ployees en clinique ou dans les etudes. Elles comprennent
en effet des mdthodes de mesure des infestations passees et
actuelles dans la population, des epreuves d'evaluation de la
pharmacosensibilite, des 6preuves fonctionnelles de l'etat
immunitaire de l'individu ou d'une population et des
m6thodes de mise en evidence de l'infestation chez le
moustique. On a parfois besoin de pratiquer un grand
nombre de tests individuels, mais il importe peu que les

resultats soient obtenus aussi rapidement que dans le cadre
des soins. Dans les dtudes epidemiologiques, les epreuves
diagnostiques peuvent donc etre realisees par un laboratoire
central, dotd du materiel adapte, oiu l'automatisation est
possible.
La microscopie optique joue toujours un role dans les

etudes epidemiologiques, meme si la decouverte recente de
sondes d'ADN et la preparation d'anticorps monoclonaux
specifiques laissent esperer la mise au point d'epreuves
nouvelles et plus performantes pour le depistage du parasite
chez l'homme et chez le moustique. De telles epreuves se
pretent bien a l'automatisation et, sous reserve des modifi-
cations et perfectionnements necessaires, elles pourraient
etre appliquees a la clinique.
La precipitation en gel, l'hemagglutination indirecte,

l'immunofluorescence indirecte, les titrages radio-im-
munologiques et immuno-enzymatiques (ELISA) sont des
methodes qui toutes ont ete appliquees au serodiagnostic.
La precipitation et les titrages radio-immunologiques ne

sont plus guere utilis6s aujourd'hui; l'une a cause de son
manque de sensibilite, les autres parce qu'ils ont ete presque
totalement remplaces par 1'ELISA. Ces epreuves avaient
autrefois des inconvenients dus a l'utilisation d'antigenes et
d'anticorps bruts; l'isolement recent chez tous les stades
parasitaires d'antigenes purifies et la preparation d'anti-
corps monoclonaux specifiques ont debouche sur la mise au
point de reactifs mieux adaptes et d'une nouvelle generation
d'epreuves. Ces dernieres, ainsi que les methodes fonction-
nelles d'evaluation de l'etat immunitaire, constituent une
batterie de tests permettant d'evaluer la reponse immuni-
taire tant chez l'individu qu'au sein d'une population.
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