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Abstract. We evaluated the OptiMAL® rapid dipstick test by comparing it
with the conventional standard thick-blood film method, for the detection of
malaria in two groups of individuals from different Venezuelan endemic areas.
One of the groups consisted of individuals with malaria-like symptoms (n =
113) and the other of asymptomatic individuals (n = 89). The classical mi-
croscopy analysis of these populations determined that 67.5% were infected
with P. vivax, 31.3% with P. falciparum, and 1.2% with mixed infections. The
OptiMAL® test showed 96.4% sensitivity, 100% specificity, 100% positive pre-
dictive value, 97.5% negative predictive value and optimal concordance
(kappa = 0.97), capable of detecting any malaria infection in the evaluated
population. However, these parameters were lower when the parasitaemia was
< 300 parasites/uL. Freezing of the samples did not affect the sensitivity and
specificity of the test. We concluded that this rapid malaria test is sensitive
and specific for rapid diagnosis of malaria in the field and it is a complement
to conventional microscopy.
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Evaluacién de la prueba OptiMAL"® para el diagnéstico
de la malaria en Venezuela.
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parasitemia.

Resumen. Se evalué el test rapido OptiMAL® comparandolo con el exa-
men convencional de observacion de muestras sanguineas para la deteccion
de la malaria en dos grupos de individuos procedentes de diferentes areas en-
démicas de Venezuela. Uno de los grupos (n = 113) con sintomas sugestivos
de malaria, y otro representado por individuos asintomaticos (n = 89). El exa-
men microscopico de las muestras de sangre de estas poblaciones determiné
que 67,5% estaban infectados con P.vivax, 31,3% con P. falciparum y 1,2%
con infecciones mixtas. La prueba OptiMAL® mostré 96,4% de sensibilidad,
100% de especificidad, con valor predictivo positivo de 100% y valor predictivo
negativo de 97,5%. La deteccion de cualquier infeccion maldrica en la pobla-
cion total presenté una concordancia 6ptima (kappa = 0,97). Sin embargo,
estos parametros fueron mas bajos cuando la parasitemia era < 300 parasi-
tos/uL. El congelamiento de las muestras no afecté la sensibilidad y especifi-
cidad de la prueba. Nosotros concluimos que esta prueba rdpida de malaria es
sensible y especifica para el diagnostico rapido de la malaria en el campo y

puede complementar a la microcopia convencional.
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INTRODUCTION

Malaria causes more than three hun-
dred million acute infections and it kills at
least one million people every year. Ninety
percent of deaths due to malaria take place
in Sub-Saharan Africa and most of them in
children under the age of five (1). There are
around 45,000 cases of malaria per year in
Venezuela, with the highest prevalence in
Bolivar and Sucre states. The classical cho-
sen method for detection of the malaria
parasite is the examination of Giemsa-
stained thick and thin blood films. This
method allows to estimate parasitaemia, to
distinguish between parasite growth stages
and to identify the four different
Plasmodium species. However, it has cer-
tain limitations, the need for trained staff

and specialized equipments, which have
stimulated the development of new diagnos-
tic methods suitable for field conditions.
Other non-microscopical diagnostic tech-
niques have been developed. These methods
include different PCR-based techniques like
PCR and RT-PCR. The detection limits of
these methods (2.5 to 10 parasites/ul.) are
similar to those provided by light micros-
copy, but in general, they are technically
difficult to perform and their use is re-
stricted to reference centers (2-6). Other
techniques for the laboratory diagnosis of
malaria have been developed to be used in
endemic and non-endemic areas such as the
immunodiagnostic methods. These are
based on antibody capture of circulating
antigens from Plasmodium spp, demon-
strating them to be fast and reliable. Bear-
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ing in consideration the need to develop
and to adapt reliable and simple techniques
to be used in the field, we considered that
the simplest and more suitable test for field
use is the immunochromatographic strip
test. There are three methods based on the
capture of histidine-rich protein (HRP2):
Two test use Ig G monoclonal antibody, the
ParaSight™-F (Beckton and Dickinson) (7)
and Now® ICT™ Malaria Pf/Pv (Binax, Inc.,
Portland, ME), which capture Plasmodium
aldolase, in addition to the HRP2 protein
(8) and, PATH Falciparum Malaria IC test
(9), that uses Ig¢ M monoclonal antibody,
which binds to the HRP2 antigen.

The OptiMAL® Rapid Malaria test
(Flow Inc, Portland, Org) is an immuno-
chromatographic assay that uses mono-
clonal antibody-coated strips to detect par-
asite lactate dehydrogenase (pLDH) in
blood (10, 11). There is no cross-reaction
with human LDH (12). This test can be per-
formed in less than 20 minutes and does
not require highly trained personnel. An ad-
vantage of the OptiMAL® test is that it de-
tects only live parasites, thereby providing a
sensitive mean of monitoring treatment
(13, 14). Prompt treatments depend on im-
mediate and accurate malaria diagnosis.
Our objective was to evaluate the sensitiv-
ity, specificity, positive predictive value
(PPV) and negative predictive value (NPP)
of the OptiMAL® rapid test in comparison
with standard microscopy for diagnosis of
malaria caused by P. falciparum and P.
vivax in two regions from Venezuela.

MATERIALS AND METHODS

Study areas and populations

This study was conducted from Janu-
ary to May 2000 in endemic areas from Bo-
livar and Sucre states, Venezuela. Two sets
of patients were used, one of them (n =
113) was referred from the diagnostic cen-
ter “Dr. Francesco Vitanza”, Tumeremo,

Bolivar state, with malaria-like symptoms.
The other group consisted of asymptomatic
individuals (n = 89), residents from Yagua-
raparo, Sucre state, chosen by random ac-
tive seeking in a cross sectional study. They
correspond to individuals with no symptoms
for at least 30 days and who had not taken
any anti-malarial drugs, as demonstrated by
thin layer chromatography of urine sam-
ples. Bolivar state is a well known endemic
area for malaria in Venezuela (9,252 cases
for year 2000), being P. vivax the most
prevalent species (72.4%) at the time of the
study, followed by P. falciparum (27.6%).
Sucre state is also an endemic area (12,255
cases for year 2000) being P. wvivax the
prevalent species. Eligible subjects were
more than 20 years old and provided con-
sent for inclusion in this study. This re-
search was approved and conducted under
the supervision and support of the Venezue-
lan Ministry of Health and Social Develop-
ment (MSDS).

Sample collections

Whole blood samples were taken,
ear-tagged for thick and thin blood prepara-
tions and collected into EDTA-coated capil-
lary tubes for the OptiMAL® test which was
performed immediately. The thick and thin
smears were processed within 30 minutes of
sample collection. A limited number of
samples were taken by venopuncture from
48 patients who agreed to donate 5 mL of
blood, which were frozen in liquid nitrogen
for further testing at the laboratory.

Malaria diagnosis with thin
and thick blood smears

Slides were stained with freshly pre-
pared 10% (v/v) Giemsa solution for 15
minutes, examined for the presence of para-
sites and blindly compared against the re-
sults from the rapid diagnostic test. Slides
were re-examined in the same way by two
independent expert readers in the labora-
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tory. Parasitacmia was measured by count-
ing the number of asexual parasites against
500 leukocytes on the thick blood film as-
suming an average of 8000 white blood
cells (WBC)/uL (15). Smears were consid-
ered negative if no parasites were found in
500 fields (1000 X magnification) on a
thick blood film.

Malaria diagnosis with OptiMAL

The OptiMAL® test (DiaMed SA, 1785,
Cressier sur Morat, Switzerland under li-
cense from Flow, Inc, Portland, OR 97201,
USA) was performed following the manufac-
turer’s instructions. Briefly, one drop of
whole blood was mixed with two drops of
lysis buffer A, which disrupts the red blood
cells and releases the pLDH. The specimens
were then allowed to migrate to the top of
the pLDH strip. After cight minutes, the
strips were placed in washing buffer B,
which separated the hemoglobin from the
strip. The test results were read immedi-
ately. Negative control samples were taken
from an individual who had not been ex-
posed to malaria for three years, and in-
cluded within each batch tested. The assay
has an internal control band at the top, a
pan-Plasmodium-specific band in the mid-
dle (which also recognizes the pLDH
isoform from P. vivax), and a P. falciparum-
specific band at the bottom. The test was
completed in 10-15 minutes. All dipstick
tests were performed blindly with respect to
results from other diagnostic tests.

Data analysis

Sensitivity was calculated as true
positives/(true positives + false negatives)
and specificity as true negatives/(true nega-
tives + false positives). Sensitivity and spec-
ificity were determined at different levels of
parasitacmia. Positive and negative predic-
tive values were calculated based on the
prevalence of Plasmodium spp (or malaria
parasite) during the study. The (kappa) sta-

tistic method was used to measure agree-
ment between the tests. This represents the
proportion of agreement between observa-
tion and chance: a value of 1 indicates per-
fect agreement, and O indicates agreement
than would be expected to occur on the ba-
sis of chance alone (16).

The statistical analysis were conducted
with SPSS 7.5 for Windows® and Epi-Info
6.04

RESULTS

A total of 202 individuals were investi-
gated for malaria parasites by microscopy
in Giemsa-stained blood smears, and 83
(41.1%) were found to be positive (78 symp-
tomatic and 5 asymptomatic). From these,
56 (67.5%) were infected with P. vivax, 26
(31.3%) with P. falciparum and 1 (1.2%)
mixed infection (Table I). On the other
hand, the OptiMAL® test identified malaria
infection in 80 (39.6%) individuals. From
these, 56 (70.0%) had P. vivax infection
and 23 (28.8%) had P. falciparum infection.
Microscopy identified 3 cases of P.
Sfalciparum and one mixed (1.2%) infection
that the OptiMAL® test could not discrimi-
nate (Table II). Two independent expert
microscopists identified the same number
of positive and negative blood films for ma-
laria (data not shown).

Based on microscopy results, the Opti-
MAL® test showed 96.4% sensitivity (S),
and 100% specificity (E). The Positive Pre-
dictive Value (PPV) was 100 % and the Neg-
ative Predictive Value (NPV) was 97.5%,
with optimal concordance (kappa = 0.97)
for detection of any malaria infection in the
total population. No false-positive results
were observed. Results for P. falciparum in-
fections were: sensitivity 88.5%, specificity
100%, PPV 100%, and NPV 98.3%, with opti-
mal concordance (k = 0.93). Meanwhile,
results for P. vivax infections were: 100%
sensitivity, specificity, PPV and NPV and
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TABLE I
SUMMARY OF FINDINGS IN SUSPECTED MALARIA INDIVIDUALS (SYMPTOMATICS)
AND ASYMPTOMATICS FOR MICROSCOPY AND THE OptiMAL® TEST AT THE HEALTH SERVICE
IN ENDEMIC AREAS AND CENTRAL LABORATORY

Microscopy

OptiMAL®

Health service in
endemic area

Health service in
endemic area

Central Laboratory

Symptomatics

P. vivax 54

P. falciparum 27

Mixed infections 2

Negatives 30
Positive 83/113
Negative 30/113
Asymptomatics

P. vivax 5

P. falciparum 0

Mixed infections 0

Negatives 84
Positive 5/89
Negative 84/89
TOTAL 202

51 51
26 23
1 ND
35 38
78/113 754/113
35/113 38/113
5 5
0 0
0 0
84 84
5/89 5/89
84/89 84/89
202 202

aInclude one mixed infection not discriminated of P. falciparum infection. ND: Not discriminated.

TABLE 11
COMPARATIVE PERFORMANCE OF THE OptiMAL® TEST IN SUSPECTED MALARIA PATIENTS
AND ASYMPTOMATIC INDIVIDUALS AT HEALTH SERVICE IN ENDEMIC AREAS AND CENTRAL
LABORATORY WITH MICROSCOPY

Microscopy at Health Service in endemic

Microscopy Central Laboratory®

OptiMAL® area
Positive Negative Total Positive Negative Total
Positive 80 0 802 0 80
Negative 8 114 3 119 122
TOTAL 88 114 83 119 202

aMixed infections are included. * Sensitivity: 96.4%.

perfect concordance (k = 1). In symptom-
atic patients, the sensitivity was 96.1%,
specificity 100%, PPV 100% NPV 92.1% and
optimal concordance (kappa = 0.93) (Ta-
ble II). However, in the asymptomatic indi-
viduals, the same indicators were 100% with
perfect concordance (k = 1). The Opti-

Specificity: 100%.

PPV: 100%. PNV:97.5%. k:0.97.

MAL® and microscopy results for sensitiv-
ity, specificity, PPV and NPV at various lev-
els of parasitacmia are shown in Table III.
The OptiMAL® test did not detect the low-
est level of parasitaemia (64, 73 and 200
parasites/ul) for P. falciparum infections,
the minimum level of parasitacmia de-
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TABLE III
PARASITE LEVELS DETECTED BY THIN-THICK SMEAR AND THE OptilMAL® TEST
Parasites/ulL N° of positives by  N° of Positives by  Sensitivity — Specificity PPV~ NPV
thick and thin OptiMAL® % % % %
smears

100 2 0 0.0 100 100 99.0
101-200 1 0 0.0 100 100 99.5
201-300 6 5 83.0 100 100 994
301-400 2 2 100 100 100 100
401-500 2 2 100 100 100 100
>500 (640-41,339) 70 70 100 100 100 100
Total 83 79 95.0 100 100 96.7

tected was 240 parasites/ul. In order to
evaluate the effect of freezing on the Opti-
MAL® test, blood samples were frozen and
stored for 30 days. The OptiMAL® test re-
sults were compared with fresh samples and
did not show differences for both condi-
tions:  sensitivity (97.7%), specificity
(100%), PPV (100%) and NPV (75.0%), with
optimal concordance (k = 0.86).

DISCUSSION

This study compares the performance
of the OptiMAL® test with standard micros-
copy in patients with suspected malaria and
asymptomatic individuals from different re-
gions of Venezuela. The OptiMAL® assay
demonstrated 100% sensitivity for P. vivax
and 88.5% for P. falciparum infections in
the evaluated populations. The estimated
prevalence of malaria infection, evaluated
by this method, was 39.6%. The sensitivity
of the method decreases when the infection
was under 300 parasites/ul.. Studies con-
ducted in Pakistan by Igbal et al., (17)
found that OptiMAL® had a sensitivity, PPV
and PNV values considerably lower for P.
vivax infections than for P. falciparum in-
fections. In our study, the concordance be-
tween the OptiMAL® test and microscopy

for detecting P. vivax infections in asymp-
tomatic individuals was excellent. The rea-
son for this result is that these individuals
had high parasitacmia (280-5,640 para-
sites/ul.). Similar results have been found
in other studies conducted in our labora-
tory (unpublished data). However, Coleman
et al. (18) reported the combination of
poor assay specificity and low sensitivity in
asymptomatic individuals with parasite den-
sities <500/uL with the same method. In-
corporation of more sensitive tests for de-
tecting low parasite densities, like PCR,
could support the results obtained with the
OptiMAL® method, as shown previously (19,
20).

Studies from Brazil have reported good
sensitivity when parasitacmia was greater
than 250 parasites/ul. for P.vivax and
greater than 400 parasites/ul. for P.
Sfalciparum (21). Lower sensitivity (88.2-
92.0%) for detecting infections with
500-1000 parasites/ul, and even lower sen-
sitivity for detecting infections with less
than 500 parasites/ul, has been reported in
studies conducted in Gambia (22), Indone-
sia (23), Colombia (24), Peru (25), and
Mexico (26). Differences in the sensitivity
observed in these studies can be explained
by the following: 1. expertise of the micros-
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copist to detect and to differentiate be-
tween infections; 2. differences in the
methods to estimate parasite density and 3.
immunity due to previous exposure. Since
circulating malaria antigens could be
complexed to antibodies, they might not be
available for immunocapture by the two an-
tibodies present in the diagnostic strip.
However, we did not obtain evidence from
sample populations to suggest that pre-ex-
isting anti-pLDH antibodies interfered with
OptiMAL in detecting malaria. It is impor-
tant to note that sample freezing did not af-
fect the performance of the OptiMAL® test.
This result provides evidence of pLDH sta-
bility as a target for malaria diagnosis.

Microscopy identified 3 cases of P.
falciparum and one mixed infections that
the OptiMAL® test could not discriminate
it. It is possible that low levels of para-
sitacmia in those patients (< 200 para-
sites/ul.) correspond to low pLDH blood
concentrations, which are probably within
the sensitivity limits of the test, resulting in
failure to capture the antigen by the
monoclonal antibody present in the dip-
stick. Another reason could be the reten-
tion of parasites in the endothelium of cap-
illary vessels (27) or the presence of pLDH
as immune complexes avoiding its capture
by MAbs.

The OptiMAL® test was very sensitive
for detecting P. vivax in populations with
co-endemic P. falciparum and P.vivax in-
fections. However, in mixed infections, this
method did not discriminate P. falciparum
because of cross-reactivity by the pan-spe-
cific band. The inability to distinguish
mixed P. falciparum infections with the Op-
tiMAL® dipstick test limits its clinical use,
especially in areas where drug resistance is
prevalent. Therefore, the sensitivity of the
test depended more on the density of para-
sites than on the species present.

The concordance found between the
OptiMAL® test and microscopy for detect-

ing P. vivax infections in asymptomatic
conditions was excellent. However, in other
studies, the OptiMAL® showed markedly
less sensitivity than microscopy for detect-
ing infections in asymptomatic people (17).
These results suggest that the immuno-
chromatographic test may be a useful epi-
demiological tool for early detection and
treatment of malaria, particularly in areas
where P. vivax gametocytes appear at the
onset of the infection and the risk of trans-
mission appears earlier than in P.
falciparum infections. Regarding to symp-
tomatic patients, the OptiMAL® test pro-
vides an easier, rapid, objective and applica-
ble alternative for most remote endemic ar-
eas lacking specialized laboratory facilities
and personnel (17), allowing early treat-
ment and avoiding complications. This is
particularly true in P. falciparum-infected
patients, which can be negative by micros-
copy due to the parasites being kept at the
vascular endothelium (27). We are aware
that, although this test should not replace
conventional microscopy, it is a valuable
tool as a complementary diagnosis for ma-
laria in the field and at the laboratory.
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