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Recent advances in the diagnosis of Plasmodium falciparum infections have made it possible to consider
supplementing light microscopy with a standardized dipstick antigen capture assay based on the detection
of a parasite-specific protein, which is secreted by the asexual blood stages and immature gametocytes but
not by the other stages. Field trials indicate that this dipstick assay provides consistently reproducible results,
with a threshold of detection of P. falciparum parasitaemia similar to that obtained by high quality routine
malaria microscopy and a specificity and sensitivity of around 90% compared with standard thick blood film
microscopy. The stability, reproducibility, and ease of use of the assay clearly indicate that it has potential
for application in the management of malaria, particularly at the peripheral health care level, provided its
accuracy can be assured and that it can be made affordable. Consideration should be given to its wider use
where operational requirements and resources so justify, and where decisions are based on adequate
evaluation of the existing health delivery systems.

Introduction
Every year, malaria causes clinical illness, often
severe, in 300-500 million people and results in 1.4-
2.6 million deaths (1). It undermines the health and
welfare of families, endangers the survival of chil-
dren, debilitates the active population, and is a major
obstacle to social and economic development.

Despite the problems of drug resistance, ma-
laria remains a curable disease and is not an inevi-
table burden if those suffering from it have access
to early diagnosis and prompt treatment. This is a
fundamental right of all populations at risk of the
disease and the basic component of malaria control
in all situations, as described in the Global Strategy
for Malaria Control adopted in 1992 (2). Strengthen-
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ing national capabilities to provide early diagnosis
and treatment both within and outside the general
health services is of highest priority in WHO's
Action Plan for Malaria Control 1995-2000.a

Definitive diagnosis of human malaria should be
based on clinical criteria supported by laboratory
confirmation of parasitaemia. For decades, the ex-
amination of blood slides by light microscopy has
been the cornerstone of such diagnoses. Properly
stained and skilfully examined slides of fingerprick
blood samples permit species diagnosis, estimations
of parasitaemia, identification of the various forms of
the parasite and, often, prognosis of the likely course
of the disease (3). Such laboratory diagnosis may
not, however, be of equal value in all epidemiologi-
cal situations. In highly endemic areas, it may be of
limited value for confirming clinical disease because
of the high prevalence of asymptomatic parasite car-
riers. Nevertheless, microscopical examinations are
desirable in such situations for diagnosing both treat-
ment failures and severe disease. They are also desir-
able for detecting uncomplicated malaria in areas
of unstable transmission or during seasons of low
transmission. This is particularly important where
both Plasmodium falciparum and P. vivax malaria
occur and where the preferred therapies for the two
infections are different (4). The role of laboratory
diagnosis is, therefore, primarily to support clinical
care.

a Single copies are available upon request from: Malaria Unit,
Division of Control of Tropical Diseases, World Health Organiza-
tion, 1211 Geneva 27 Switzerland.
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Despite the simple technology and the relatively
low direct costs, microscopical diagnosis of malaria is
still expensive since it requires an adequate infra-
structure to maintain supplies and equipment, to
train health workers, and to ensure proper quality
assurance of the service.b As a consequence, routine
microscopical diagnosis is often of poor quality, un-
reliable, and may not be available at the periphery of
the health care system, where there is increasing
need for laboratory support because of drug-resist-
ance problems that require the use of more costly
and potentially more toxic alternative antimalarials
(5). The urgent need for new, simple, and cost-effec-
tive diagnostic tests for malaria to overcome the de-
ficiencies of light microscopy has been recognized
for some time (6). Such developments are priorities
for the implementation of the Global Strategy.C,d

Numerous new diagnostic techniques for ma-
laria have been developed. Some have attempted to
improve the sensitivity and facilitate the execution of
conventional light microscopy by concentrating the
parasites in the blood sample, by improving the visu-
alization and detection by staining with fluorescent
dyes, or a combination of these approaches, e.g., the
quantitative buffy coat technique (QBC test) (7) and
the Kamamoto fluorochrome technique (8). All of
these methods vary in complexity and in the need for
sophisticated equipment, but so far none has been
shown to have the wide applicability of light
microscopical examination of Giemsa-stained blood
films for malaria diagnosis. Also, these newer tech-
niques suffer from similar logistical problems as light
microscopy.

Other methods for diagnosing malaria are based
on the identification of parasite-specific molecules
such as antigens and nucleic acids, the sensitivity in
some cases being improved by use of the polymerase
chain reaction (PCR) (6, 9, 10). The limits of detec-
tion of these methods are equal to, or better than,
those provided by light microscopy. Unfortunately,
however, the initial promise of many of these tech-
niques has not been fulfilled because of difficulties in
reproducing the results in the field, in producing sim-
plified versions, and the low priority often given to
studies to adapt these techniques to the needs and
capabilities of malaria control programmes and
health services (10).

b WHO Expert Committee on Malaria, nineteenth report. Unpub-
lished document WHO/CTD/92.1, 1992.
c Report of the Interregional Meeting on Malaria Control in Africa,
Brazzaville, 21-25 October 1991. Unpublished WHO document
CTD/MCM/IM 92.1, 1992.
d Report of the Interregional Meeting on Malaria in Asia and the
Western Pacific, New Delhi, 3-7 February 1992. Unpublished
WHO document CTD/MCM/IM/92.2, 1992.

Recent advances have, however, now made it
possible to consider supplementing light microscopy
with a standardized antigen detection test using high
technology production methods and low technology
applications. This test is based on the detection of
the parasite-specific histidine-rich protein II using
a dipstick technique that has been successfully
employed in clinical biochemistry. A specific
assay for P. falciparum is now commercially avail-
able and a similar assay for P. vivax is under develop-
ment.

Materials and methods
P. falciparum parasites synthesize several proteins
containing large amounts of histidine. One such pro-
tein, Pf HRP II, has been sequenced and cloned, and
is actively secreted as a water-soluble antigen from
parasite-infected erythrocytes. The amount of Pf
HRP II released in vitro increases throughout the
intra-erythrocytic cycle, with large quantities being
released during schizont rupture (11). This antigen
has been detected in the plasma of humans infected
with P. falciparum, and monoclonal antibodies to it
can detect parasites from geographically distinct
areas (12).

Pf HRP II occurs also in early gametocytes but
not mature ones (13). The antigen is stable, as
shown by the observation that it has been detected
in 1450-5200-year-old Egyptian mummies (14).
These observations have formed the technical basis
of the test described below (see also ref. 15) and
shown in Fig. 1.

A water-soluble IgGl murine monoclonal anti-
body directed against a segment of Pf HRP II, the
synthetic peptide AHH[AHHAAD], is deposited as
a clearly defined line 1 cm from the base of an ab-
sorbent, laminated nitrocellulose/glass-fibre dipstick
(3 x 0.5 cm). Pf HRP II antigen is applied as a second
broken line 1 cm in above it to serve as a reagent
control.

A fingerprick blood sample is collected in a
standardized 50-pl heparinized blood capillary tube
and transferred to a holding/dispensing tube contain-
ing a haemolysing agent (1-5 in Fig. 1). One drop of
the haemolysed blood is transferred from the dis-
pensing tube into a well on a plastic microtitration
plate (6 in Fig. 1). The dipstick is placed vertically
into the haemolysed blood sample and the sample
is rapidly taken up the dipstick by capillary action
(7 in Fig. 1). One drop of a detection agent, consist-
ing of micelles containing a rabbit polyclonal anti-
body raised against Pf HRP II labelled with
sulforhodamine B, is added (8 in Fig. 1). Once ab-
sorption is complete, one or two drops of a washing
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Fig. 1. Steps in the rapid dipstick antigen capture
assay for the diagnosis of falciparum malaria.
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reagent are added to clear the haemolysed blood (9
in Fig. 1).

If the blood sample is positive for P. falciparum,
a pink line develops almost simultaneously at the
monoclonal antibody deposit site with a pink broken
line above it as the reagent control (10 in Fig. 1). In
negative cases, only the pink broken line occurs (11
in Fig. 1).

A single test takes about 7 minutes to perform.
Through the use of batch procedures large numbers
of samples can be processed in a very short time.
A target of one test per minute, with a maximum
waiting period of 30 minutes per patient is easily
attained by an experienced team of two persons if
patients are readily accessible (D. Payne, personal
communication, 1995). Since the antigen (Pf HRP
II) is present only in asexual erythrocytic stages and
to a certain extent in early gametocytes, the test does
not detect patients in the prepatent stage of malaria
or those who have only mature gametocytes in their
blood.

The reagents are stable at ambient tempera-
tures for at least 1 year and for at least 6 months at
45 °C; they can be stored in a refrigerator but must
not be frozen. The dipsticks remain readable for up
to 1 year after the test has been performed. Both the
reagents and dipsticks must be kept out of direct
sunlight.

Results
Evaluation of the rapid dipstick antigen
capture assay

Considerable experience has now accumulated in
the use of the dipstick assay in malaria diagnosis in
trials involving almost 8000 patients in Brazil (16),
France (17), India (Neeru Singh et al., personal
communication, 1995), Kenya (13), Indonesia (S.
Soerjosembodo, personal communication, 1995), Sri
Lanka (H.M. Kodisinghe, personal communication,
1995), United Republic of Tanzania (18, 19), Thai-
land (Trairat Banchongaksorn et al., personal com-
munication, 1995) and Venezuela (A. Caraballo &
A. Ache, personal communication, 1995).

Sensitivity and specificity
Table 1 summarizes the range of sensitivity and
specificity of the dipstick assay. Similar sensitivities
and specificities were observed when thick films of
the comparative "gold standards" were examined
using at least 100 oil-immersion microscope fields
(with extended slide examination in the case of nega-
tivity), QBC, or PCR using DNA probes. The range
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of sensitivity was 84.2-93.9%, with two exceptions
- the study of adults in Saradidi, Kenya, and the
vaccine study in Baltimore, USA. The lower sensi-
tivities in these two studies were apparently related
to the presence of parasitaemias <60 parasites per gl;
with asexual parasitaemias greater than this level,
the sensitivity of the dipstick assay was >96.5% (16).

The specificities varied from 81.1% to 99.5%,
with values <90% being observed only in the studies
in Kenya and the United Republic of Tanzania. Both
these studies were carried out in holoendemic areas,
where it can be difficult to assess true specificity
since it may not be clear whether an individual
with a single negative blood slide is truly parasite
free.

The positive and negative predictive values for
the assay in all the studies lay in the range 79.9-
98.7% and 63.6-100%, respectively.

The P. falciparum assay appears to show little
cross-reactivity with infections caused by other spe-
cies of human malarial parasite, although the data to
support this are limited; four blood slide-positive

cases each of P. malariae and P. ovale were negative
in the dipstick assay in the United Republic of Tan-
zania (18), as were 173 P. vivax and 5 P. malariae
blood slide-positive cases in Thailand, 115 P. vivax
infections in India, and 3 P. vivax infections in
Venezuela.

Threshold of parasite detection
Table 2 summarizes the data on the threshold of
parasite detection by the dipstick assay relative to
thick blood slide examination of at least 100 fields.
At lower levels of parasitaemia, the sensitivity de-
creases, peak sensitivities of >96% being observed at
>100 parasites per ,l of blood. However, at -10
parasites per gl the assay still detected on average,
74.6% of the cases, with 81.3% being detected at
parasitaemias of 10-100 per gl.

This is consistent with a threshold of detection
of around 100 asexual parasites per gl; however, the
consensus of the investigators places the threshold at
40-60 parasites per ,ul; most individuals with sympto-

Table 1: Summary of the results of field trials of the rapid dipstick antigen capture assay

Antigen assay Positive/
negative

Study site; compara- Comparator Comparator Sensitivity Specificity predictive
Ref.& tor gold standardb +ve -ve Total (%) (%) values (%)

16 Hospital
Lyon, France;
Thin film/QBC

18 District hospital, Bagamoyo,
United Republic of Tanzania;
Thick film/QBC

19 Village HWs,
Bagamoyo,
United Republic of Tanzania;
Thick/thin films

13 Adult field study
Saradidi, Kenya;
Thick film

13 Vaccine trial
Baltfmore, USA;
Thick film

13 Vaccine trial
Baltimore, USA;
Thick film

13 Child field study
Saradidi, Kenya;
Thick film

15 Hospital outpatients
Mato Grosso, Brazil;
Thick film

15 Hospital outpatients
Mato Grosso, Brazil;
QBC

31
2

33

121
17

138

213
40

253

74
47

121

0
0
0

9
4
13

137
22
159

50
5

55

49
6

55

4
321
325

15
119
134

24
103

35
323
358

136
136
272

237
143

93.9

87.7

127 380 84.2

9
82
91

19
20
2

110
112

26
168
194

2
64
66

2
64
66

83
129
212

19
20

11
114
125

163
190
353

52
69

121

51
70

121

61.2

98.8 88.6 99.4

88.8 89.0 87.5

81.1 89.9 72.0

90.1 89.2 63.6

95.0 - 100.0

69.2 98.2 81.8 96.5

86.2 86.6 84.0 88.4

90.9 97.0 96.2 92.8

89.1 97.0 96.1 91.4

(continued on p. 51)
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(Table 1, continued)
A PHC hospital

Central India;
Thick film

B Rural visits
State of Bolivar, Venezuela;
Thick film

B Rural visits
State of Bolivar, Venezuela;
QBC

C Mobile clinics, Kurunegala/
Monaragala, Sri Lanka;
Thick film

C Mobile clinics, Kurunegala/
Monaragala, Sri Lanka;
400 thick film fields

D Malaria clinics,
Mae Sod/Borai, Thailand;
Thick film

D Malara clinics
Mae Sod/Borai, Thailand;

354
28

382

260
51

311

215
32

247

26
4

30

30
2

32

226
16

242

151
16

64
785
849

9
1 078
1 087

418
813

1 231
269

1 129
1 398

54 269
1 097 1 129
1151 1398

5
217
222

219
220

12
659
671

2
351

31
221
252

31
221
252

238
675
913

153
367

92.7

83.6

92.5 84.7 96.6

99.2 96.7 95.5

87.0 95.3 79.9 97.2

86.7

93.8

93.4

97.7 83.9 98.2

99.5 96.8 99.1

98.2 95.0 97.6

PCR 167 353 520 90.4 99.4 98.7 95.6

All assay locations 1 946 232 2 178
292 5 456 5 748

2 238 5 688 7 926 87.0 95.9 89.3 94.9

a Personal communications: A = Neeru Singh et al., 1995; B = A. Caraballo, A. Ache, 1995; C = H.M. Kodisinghe, 1995; and D = Trairat
Banchongaksorn et al., 1995.
b QBC = quantitative buffy coat test; HWs = health workers; PCR = polymerase chain reaction.

Table 2: Endpoint sensitivity of rapid dipstick antigen capture assay

Endpoint sensitivity by asexual parasitaemia (per RI) a

Referenceb Study location <10 10-100 >100 Total

13 Kenya, adults 3/27 (11.1)c 66/89 (74.2) 5/5 (100) 74/121
13 USA, vaccine 2/3 (66.6) 7/10 (70.0) 0 9/13
13 Kenya, children 9/23 (39.1) 31/36 (86.1) 97/99 (98.0) 137/159
18 United Republic of Tanzania 0 5/5 (100) 112/117 (95.7) 117/122
15 Brazil 0 2/2 (100) 44/47 (93.6) 46/49
A Venezuela 174/201 (86.6) 41/44 (93.2) 0 215/245
B Indonesia 6/6 (100) 0 32/35 (91.4) 38/39

Total positive 194/260 (74.6) 152/187 (81.3) 290/301 (96.3) 874/1 002 (85.0)

a Determined by light microscopical examination of at least 100 oil-immersion microscope fields. Shown in each case is No. of samples
positive by rapid dipstick antigen capture assay/No. positive by light microscopy.
b Personal communications: A = A. Caraballo, A. Ache, 1995; B = S. Soerjosembodo, 1995.
c Figures in parentheses are percentages.

matic falciparum malaria have parasitaemias greater
than this value.

Persistence of antigenaemia following
treatment

As shown by the data in Table 3, following successful
drug treatment in India there was a tendency for
antigenaemias, as measured by the dipstick assay, to
persist slightly longer than parasitaemias. Although
parasitaemia had cleared from 110 (97.3%) of the

113 patients by day 2 and all patients were
parasitologically negative by day 7, antigenaemia
persisted in 87 patients (77%) on day 2, in 5 pa-
tients (4.4%) on day 7 and in 1 patient (0.9%) on
day 28. Similar results were observed in the
United Republic of Tanzania, where peripheral
parasitaemias were undetectable by day 3, while
antigenaemia was detected on day 5 and day 14
among 25% and 3% of patients, respectively,
although all were asymptomatic (18). Antigenaemia
persisted longer also in patients in the field studies in
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Table 3: Persistence of antigenaemia and para-
sitaemia in a study in India'

No. of positive cases on various
days post-treatment:

0 2 7 14 28 45

Parasitaemia 113 3 - - - -
Antigenaemia 113 87 5 2 1 0

a Neeru Singh et al., personal communication, 1995.

Kenya, but was not detectable 6 days after treatment
(16).

Analysis of all current data indicate that
antigenaemia disappeared in 55% of patients on the
same day as parasite clearance, and 85% of patients
were negative by the dipstick assay within 1 week of
parasite clearance.

Use of the assay by peripheral health workers
Training health workers to use the dipstick assay is
straightforward and can be accomplished in a few
hours. In the United Republic of Tanzania the tech-
nique was introduced at the village level without the
participation of skilled technicians (19). There was
no significant difference between the performance of
the village health workers and skilled technicians
with regard to the specificity, sensitivity, or positive
or negative predictive values of the assay. One vil-
lage health worker did, however, have difficulty in
interpreting the weakly positive tests - a problem
that has been reported by other workers.

Conclusions and recommendations
In contrast to light microscopy, the dipstick assay
described above is fast and straightforward to per-
form. One test can be completed in less than 10min
and many tests can be carried out simultaneously,
reducing the time required for the results to be made
available to support the clinical diagnosis. Minimal
training is required to perform the assay, which can
be carried out by relatively unskilled staff. Also, it
causes little fatigue to the operator and therefore
reduces many of the errors that have been associ-
ated with microscopy. Since the equipment required
for the assay is minimal, simple and durable, and
requires little space and no electricity supply, the
method has considerable potential for use in
the management of malaria, particularly at the
periphery of the health care system, provided its
accuracy can be assured and it is made affordable.

Both the specificity and sensitivity of the rapid
dipstick antigen capture assay relative to current
"gold standards" are generally around 90%. This is

at least equal to the levels currently achieved in
well-organized malaria diagnostic laboratories, and
probably well in excess of that attained in many
general health services, particularly those at the
periphery.

A potential problem with the dipstick assay is
that circulating antigen may be detected after elimi-
nation of viable parasites from the bloodstream.
Such false positives are relatively frequent, occurring
in up to 75% of patients 2 days after treatment.
However, these antigenaemic patients were usually
clinically asymptomatic after clearance of para-
sitaemia. Thus, since treatment should be based on
clinical criteria supported by laboratory findings and
not on laboratory results alone, the occurrence of
this type of false positive - or false positives that
may also result from the presence of immature
gametocytes - should not lead to large numbers of
unnecessary treatments. The assay does not detect
mature gametocytes. This is a desirable asset in a test
to support the management of malaria but would
make it inappropriate for use in epidemiological
studies on transmission potential.

It is of concern, however, that two individuals
with >1000 parasites per gl blood were negative ac-
cording to the dipstick assay. The reasons for this are
unclear but did not appear to be due to antigenic
variation in the sequence used to produce the
monoclonal antibody for the assay (13).

In conclusion, the rapid dipstick antigen capture
assay provided consistently reproducible results in
field trials, with a threshold of detection of P.
falciparum parasitaemia similar to that obtained by
high-quality, routine malaria microscopy and had a
constant specificity and sensitivity of around 90%
relative to standard thick blood film. The stability,
reproducibility, and simplicity of the assay clearly
indicate that consideration should be given to its
wider use where justified by operational require-
ments and resources, and where decisions are based
on an adequate evaluation of the existing health de-
livery systems.

The application of the assay might be cost-
effective in the following circumstances:
- in areas of epidemic malaria and in emergency

situations where rapid confirmation of the scale
and distribution of the disease are required;

- in areas where the existing laboratory service is
inadequate or of an unacceptable standard, or
the delay for diagnosis is excessive;

- in mobile clinics where the quality of routine
microscopy is difficult to maintain;

- in areas of low transmission with high levels of
resistance to antimalarial drugs;
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- in areas where first-line treatment is much more
expensive than the rapid dipstick antigen capture
assay; and

- for severe and complicated malaria cases whose
peripheral parasitaemia may be negative but
where the rapid dipstick antigen capture assay
might be expected to provide evidence of
antigenaemia.
Although the application of the dipstick assay

for malaria diagnosis should ideally be determined
by cost-effective analysis, the unit cost of the assay
will determine its future application in many parts of
the world. The populations and countries at highest
risk from malaria are mainly the poorest and the
most disadvantaged. It may, therefore, require inno-
vative approaches to ensure that this potentially
useful tool can be made available to those in greatest
need.

Resume
Methode rapide de capture d'antigenes sur
bandelettes pour le diagnostic du palu-
disme a falciparum
Les progres realises recemment dans le diagnostic
des infections a Plasmodium falciparum permettent
d'envisager de remplacer l'examen microscopique
par une m6thode normalis6e fond6e sur la d6tec-
tion par capture d'antigenes sur bandelettes d'une
prot6ine sp6cifique du parasite. Cette proteine
particuliere, la prot6ine 11 riche en histidine, est
s6cretee par P. falciparum aux stades sanguins
asexu6s et par les gam6tocytes immatures, mais
non aux autres stades. On dispose maintenant
d'une exp6rience consid6rable dans l'utilisation
de cette m6thode grace a des essais qui ont port6
sur pres de 8000 patients au Br6sil, en France,
en Inde, en Indon6sie, au Kenya, en R6publique-
Unie de Tanzanie, a Sri Lanka, en Thaflande et au
Venezuela.

Contrairement a la microscopie optique,
I'epreuve sur bandelettes est rapide et facile a
ex6cuter. Elle peut etre r6alis6e en moins de 10
minutes, et plusieurs essais peuvent etre men6s en
meme temps, ce qui r6duit le temps necessaire
pour obtenir les r6sultats destin6s a 6tayer le diag-
nostic clinique. La nouvelle epreuve n'exige qu'un
minimum de formation et peut etre realisee par un
personnel relativement peu qualifie.

Les essais sur le terrain montrent que cette
m6thode donne regulierement des resultats repro-
ductibles avec un seuil de d6tection de P. fal-
ciparum semblable a celui obtenu par un examen
microscopique de routine de haute qualit6. Com-

parees a la norme actuelle, la sp6cificit6 et la
sensibilit6 de la nouvelle m6thode sont voisines de
90%. Ces resultats sont au moins aussi bons que
ceux obtenus dans des laboratoires bien organis6s
sp6cialises dans le diagnostic du paludisme et
probablement bien superieurs a ceux de beaucoup
de centres de sant6 g6n6raux, notamment au
niveau p6riph6rique.

Un probleme qui peut se poser avec cette
6preuve est que I'antigene circulant peut etre
detect6 apres 6limination des parasites viables de
la circulation sanguine. Ces r6sultats positifs sont
frequents, puisqu'on les observe chez pres de
75% des patients deux jours apres le traitement.
Toutefois, les patients antig6n6miques ne pr6sen-
tent g6neralement aucun sympt6me clinique apres
disparition de la parasitemie. Ces faux positifs, ainsi
que ceux qui peuvent r6sulter de la pr6sence de
gametocytes immatures, ne devraient donc pas
conduire a un grand nombre de traitements inutiles.
La m6thode ne d6tecte pas les gam6tocytes parve-
nus a maturit6. 11 faut cependant noter qu'elle a
donne un r6sultat n6gatif chez deux sujets qui
avaient plus de 1000 parasites/gl de sang. Les
raisons de ce faux negatif ne sont pas claires, mais
il ne semble pas qu'il faille incriminer une variation
antig6nique dans la sequence ayant servi a pro-
duire l'anticorps monoclonal utilise pour 1'essai.

La stabilite, la reproductibilit6 et la simplicit6 de
ce test indiquent clairement qu'il presente un int6ret
potentiel consid6rable pour la prise en charge du
paludisme, notamment au niveau periph6rique du
systeme de soins de sant6, a condition que sa
precision puisse etre assuree et qu'il puisse etre
produit a un coOt abordable. 11 faudrait envisager de
developper son utilisation la ou les besoins opera-
tionnels et les ressources le justifient, la decision
devant s'appuyer sur une 6valuation ad6quate des
systemes de soins existants.
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