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The development of rapid and specific diagnostic tests to identify individuals infected with malaria is of
paramount importance in efforts to control the severe public health impact of this disease. This study evaluated
the ability of a newly developed rapid malaria diagnostic test, OptiMAL (Flow Inc., Portland, Oreg.), to detect
Plasmodium vivax and Plasmodium falciparum malaria during an outbreak in Honduras. OptiMAL is a rapid
(10-min) malaria detection test which utilizes a dipstick coated with monoclonal antibodies against the
intracellular metabolic enzyme parasite lactate dehydrogenase (pLDH). Differentiation of malaria parasites is
based on antigenic differences between the pLDH isoforms. Since pLDH is produced only by live Plasmodium
parasites, this test has the ability to differentiate live from dead organisms. Results from the OptiMAL test
were compared to those obtained by reading 100 fields of traditional Giemsa-stained thick-smear blood films.
Whole-blood samples were obtained from 202 patients suspected of having malaria. A total of 96 samples (48%)
were positive by blood films, while 91 (45%) were positive by the OptiMAL test. The blood films indicated that
82% (79 of 96) of the patients were positive for P. vivax and 18% (17 of 96) were infected with P. falciparum. The
OptiMAL test showed that 81% (74 of 91) were positive for P. vivax and 19% (17 of 91) were positive for P.
falciparum. These results demonstrated that the OptiMAL test had sensitivities of 94 and 88% and specificities
of 100 and 99%, respectively, when compared to traditional blood films for the detection of P. vivax and P.
Jfalciparum malaria. Blood samples not identified by OptiMAL as malaria positive normally contained parasites
at concentrations of less than 100/l of blood. Samples found to contain P. falciparum were further tested by
two other commercially available rapid malaria diagnostic tests, ParaSight-F (Becton Dickinson, Cockeysville,
Md.) and ICT Malaria P.f. (ICT Diagnostics, Sydney, Australia), both of which detect only P. falciparum. Only
11 of the 17 (65%) P. falciparum-positive blood samples were identified by the ICT and ParaSight-F tests. Thus,
OptiMAL correctly identified P. falciparum malaria parasites in patient blood samples more often than did the
other two commercially available diagnostic tests and showed an excellent correlation with traditional blood
films in the identification of both P. vivax malaria and P. falciparum malaria. We conclude that the OptiMAL

test is an effective tool for the rapid diagnosis of malaria.

Malaria has had a resurgence in many tropical areas (6). The
disease now occurs in more than 90 countries worldwide, and
it is estimated that there are over 500 million clinical cases and
2.7 million malaria-caused deaths per year (8). A multitude of
factors have contributed to the reemergence of malaria, in-
cluding (i) insecticide resistance in the Anopheles mosquito, (ii)
social instability resulting in movements of unexposed nonim-
mune individuals into areas where malaria is endemic, and (iii)
the failure to develop an effective malaria vaccine (6, 15).
Compounding the problems of malaria’s geographical expan-
sion and of increasing morbidity and mortality are the emer-
gence and rapid spread of antimalarial-drug resistance (2, 7),
which necessitate the use of more expensive and sometimes
toxic antimalarial drugs and longer treatment courses (9). In
addition, the cyclic recurrence of malaria epidemics has a tre-
mendous impact on the health infrastructure in developing
countries and adversely affects local economies, since infected
individuals are often too debilitated to work (6).

One of the most pronounced problems in controlling the
morbidity and mortality caused by malaria is limited access to
effective diagnosis and treatment in areas where malaria is
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endemic (10). Clinical diagnosis of infection with the malaria
parasite requires microscopic observation of parasites on a
Giemsa-stained blood smear. This technique has undergone
little improvement since its development at the beginning of
this century. Diagnosis of malaria by this method can be prob-
lematic, since it requires up to 60 min of preparation time, is
labor-intensive, and requires considerable expertise for its in-
terpretation, particularly at low levels of parasitemia (3). In
addition, in patients with Plasmodium falciparum malaria, the
parasites can be sequestered and are not always present in
peripheral blood. Thus, a P. falciparum infection could be
easily missed due to the absence of the parasite in a blood film.

Recently, a new rapid malaria detection test, OptiMAL
(Flow Inc., Portland, Oreg.), was introduced. This test is based
on detection of an enzyme produced by live parasites, parasite
lactate dehydrogenase (pLDH), and has the ability to differ-
entiate the four major Plasmodium species associated with
human malaria (Plasmodium vivax, P. falciparum, Plasmodium
ovale, and Plasmodium malariae) in under 10 min. A trial
evaluation of the OptiMAL test was designed to assess its
effectiveness in differentiating malaria parasites in patient
blood samples during a malaria outbreak in Honduras.

MATERIALS AND METHODS

Study site. This study was conducted in the Trujillo area of northern Honduras
during a malaria outbreak in January 1997. Permission to conduct blood testing
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FIG. 1. OptiMAL sticks showing detection of P. vivax and P. falciparum and
a negative serum sample.

was obtained from the Honduran Ministry of Health. The majority of the blood
samples were collected from individuals living in rural areas and small villages. A
total of 202 whole-blood samples were collected from patients with malaria-like
symptoms, including fever and/or chills, of several days’ duration.

Sample collection. Informed consent was obtained from all patients. Five
milliliters of venous blood was drawn into EDTA-coated syringes, distributed
into sterile test tubes, and placed immediately on ice. Thin- and thick-smear
blood films were made on-site at the time of specimen collection. Whole-blood
samples plus the thin- and thick-smear microscope slides were transported the
next day to the University of Miami School of Medicine laboratories for analysis.
According to the local treatment guidelines for malaria, symptomatic patients
were treated immediately with chloroquine (500 mg daily for 4 days) by local
health care staff prior to diagnosis. Due to the lengthy ongoing malaria outbreak,
this was the only antimalarial medication available at that time. Patients were
instructed to return in 4 days for additional chloroquine if clinical signs persisted.

Malaria diagnosis with thin- and thick-smear films. Thin- and thick-smear
blood films were stained with 2% Giemsa stain in phosphate-buffered saline (pH
7.2) and analyzed under the microscope at X 1,000 magnification for the presence
of malaria parasites. The average time spent per slide varied depending on the
number of parasites present in the sample. The study was blinded, since results
from microscope slides were not shared with the individuals performing the
OptiMAL test until all samples were processed. Slides were read independently
by two experts. Parasitemia levels were calculated with results from thick-smear
films. Parasites were counted in 100 consecutive fields. Parasite densities were
calculated by assuming 0.2 pl of blood per thick smear and that each microliter
of blood contained 10,000 leukocytes (11, 14).

Malaria diagnosis with OptiMAL. All whole-blood samples were tested with
the OptiMAL assay. This test utilizes a dipstick coated with monoclonal anti-
bodies against the intracellular metabolic enzyme pLDH. The pLDH antigen is
present in and released from parasite-infected erythrocytes. Differentiation of
malaria parasites is based on antigenic differences between the pLDH isoforms.
Since pLDH is produced only by live Plasmodium parasites, this test has the
ability to differentiate live from dead organisms. The test uses two reagents (A
and B) included in the kit. Normally, the test is performed in the field by
obtaining blood from a patient by a finger stick. The test was not yet available
when we left for Honduras, but we obtained and evaluated it upon our return.
Briefly, 1 drop of blood was mixed with 2 drops of reagent A, and the sample was
allowed to migrate to the top of the OptiMAL dipstick. After 8 min, the Opti-
MAL strip was cleared by adding 2 drops of reagent B. The appearance of a dark
band on the strip indicates a positive reaction for any one of the four major
malarial species infecting humans. The monoclonal antibody attached at this
area of the strip is against an enzyme common to the four target Plasmodium
species. If P. falciparum was present in the test sample, a second band appeared
on the strip. The monoclonal antibody at this site is specific for P. falciparum
only. A mixed infection with P. falciparum and another Plasmodium species is
indicated when both genus- and species-specific bands appear and the genus-
specific band is much darker and more intense than the species-specific band.
The darker band is present with mixed infections, since all stages of the parasite
are present in the blood during P. vivax infections, while only two stages (ring and
gametocyte) are present in the peripheral blood during P. falciparum infections.
Since the pLDH enzyme is present in all stages and since there are more stages
present during P. vivax infections, there is a stronger response with the OptiMAL
stick. A positive control band appears on each strip as an indicator that the test
is working correctly (Fig. 1).

P. falciparum malaria diagnosis with the ParaSight-F and ICT malaria tests.
Two commercially available tests, ParaSight-F (Becton Dickinson, Cockeysville,
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TABLE 1. Malaria parasite detection by blood films and

by OptiMAL
Soeci OptiMAL Blood film result
pecies result . :

Positive Negative Total

P. vivax Positive 74 0 74
Negative 5 123 128

Total 79 123 202

P. falciparum Positive 15 2 17
Negative 2 183 185

Total 17 185 202

Md.) and ICT Malaria P.f. (ICT Diagnostics, Sydney, Australia), were tested on
blood samples that were positive for P. falciparum to determine the level of
agreement with the OptiMAL test and blood smears. The manufacturer’s in-
structions were followed.

RESULTS

Comparison of OptiMAL and blood film methods. A total of
202 blood samples were tested for malaria parasites by the
OptiMAL method, and the results were compared to results
obtained from reading thin- and thick-smear blood films. The
blood film results indicated that 48% (96 of 202) of the patients
were infected with malaria, based on the morphologies of the
parasite stages. Among the positive patient samples, P. vivax
was present in 82% (79 of 96) while P. falciparum was present
in 18% (17 of 96). Correspondingly, the OptiMAL test results
indicated that 45% (91 of 202) of the patient samples were
positive for malaria parasites. Infections with P. vivax ac-
counted for 81% (74 of 91) of the positive samples, while
infections with P. falciparum accounted for 19% (17 of 91) of
the total malaria cases. Both methods identified one patient
with a mixed infection of P. falciparum and P. vivax. The mixed
infection has been tabulated with the P. falciparum infection
numbers for ease of analysis.

The blood films identified five P. vivax-positive samples that
were not identified by the OptiMAL test; however, there was
100% agreement between blood film results and OptiMAL
results for the other 74 samples containing P. vivax. Although
both methods detected 17 cases of P. falciparum infection,
there were 2 cases detected by OptiMAL that were not de-
tected by the blood films and 2 cases detected by blood film
that were not detected by the OptiMAL method. OptiMAL
had sensitivities of 94% (95% confidence interval [CI], 85.2 to
97.6%) and 88% (95% CI, 62.3 to 97.9%) and specificities of
100% (95% CI, 96.2 to 100.01%) and 99% (95% CI, 95.5 to
99.8%), respectively, when compared to traditional blood films
for the detection of P. vivax and P. falciparum infections (Table
1). Positive and negative predictive values were 100% (95% CI,
93.9 to 100.0%) and 96% (95% CI, 90.7 to 98.6%), respec-
tively, for P. vivax and 88% (95% CI, 62.3 to 97.9%) and 99%
(95% CI, 95.7 to 99.8%), respectively, for P. falciparum.

Parasitemia. Parasitemia levels ranged from 0.001 to 12% in
the patient samples. This translated into 50 to 600,000 para-
sites/ml of blood. Patients with P. vivax present in the blood
film and who were diagnosed as negative by the OptiMAL
method had parasitemia values ranging from 0.001 to 0.008%.
The two patients with P. falciparum present in blood films that
was not detected by OptiMAL had parasitemia values of 0.001
and 0.004%. However, parasitemia levels of 0.001% in other
blood samples were detected by OptiMAL, indicating the level
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TABLE 2. Parasite levels detected by blood films and by OptiMAL

No. of OptiMAL

No. of No. of

parasites/pl Species positive results Sen(slj/zi)vity
of blood blood films  po e Negative

1-99 P. vivax 5 2 3 40
P. falciparum 3 2 1 67
100-199  P. vivax 8 8 0 100
P. falciparum 1 1 0 100
200-499  P. vivax 7 6 1 86
P. falciparum 0 0 0 NA“
500-999  P. vivax 3 3 0 100
P. falciparum 1 1 0 100
1,000-1,999  P. vivax 4 4 0 100
P. falciparum 4 3 1 75
>2,000  P. vivax 52 51 1 98
P. falciparum 8 8 0 100

“ NA, not applicable.

of error that is inherent in the enumeration of organisms on
blood films.

The OptiMAL test proved more sensitive at higher levels of
parasitemia (Table 2). Sensitivity in detecting P. vivax was 40%
when parasites were present at less than 100/l of blood and
rose to 100% when parasites were present at more than 100/p.l.
Two samples containing P. vivax at more than 100/ul were
missed by OptiMAL. Sensitivity of detection for P. falciparum
was 67% when parasites were present at less than 100/l of
blood, and one P. falciparum-positive blood sample was missed
by OptiMAL at parasite levels greater than 100/l of blood.

Comparison of OptiMAL, ParaSight-F, and ICT Malaria
P.f. for the detection of P. falciparum. Results from the Para-
Sight-F test and the ICT test did not always agree with results
from the OptiMAL test in the diagnosis of P. falciparum ma-
laria. Only 11 of the 17 (65%) P. falciparum-positive blood
samples were identified by the other two tests. For these 11
positive samples, there were differences between the tests,
since the ParaSight-F test identified one positive sample
missed by the ICT test and the ICT test identified one positive
sample missed by the ParaSight-F test. Five of the six samples
that were not judged positive by the ParaSight-F and ICT tests
were from patients with 50 P. falciparum organisms/pl of blood
(0.001% parasitemia). The sixth was from a patient with
0.003% parasitemia.

DISCUSSION

This study compared the diagnosis of malaria by a new rapid
test, OptiMAL, with malaria diagnosis by traditional micros-
copy and found that the two methods yielded comparable
results. A total of 202 symptomatic patients were tested; blood
films identified 48% of these as positive for malaria parasites,
while the OptiMAL test identified 45% as malaria positive.
That some malaria infections detected by blood films were not
detected by the OptiMAL test may be explained by the fact
that OptiMAL detects pLDH, which is produced only by living
parasites. It is possible that some of the patients infected with
malaria medicated themselves when malaria symptoms ap-
peared during this outbreak and did not report this to the
attending clinician. There are several possible explanations for
discrepancies in test results obtained by blood film examina-
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tion and by the OptiMAL test, including (i) insufficient detec-
tion of low parasitemia levels by OptiMAL, (ii) the fact that
OptiMAL detects only live parasites producing pLDH, (iii) the
sequestration of parasites, and (iv) false-positive reactions.
Thus, the P. vivax and P. falciparum organisms observed in the
seven blood film samples judged negative by OptiMAL may
have been dead and not yet cleared from the host. The two
patient blood samples in which OptiMAL detected P. falcipa-
rum and whose blood films were negative may be explained by
the fact that P. falciparum can sequester and not be present in
circulating blood. This suggests that the OptiMAL test may
provide a more precise diagnosis of patients infected with P.
falciparum malaria by detecting parasites that would be missed
by traditional blood film screening. Another explanation could
be that the patient blood samples contained parasites at con-
centrations below the OptiMAL test’s detection levels.

Currently there are two other commercially available rapid
tests, the ParaSight-F and ICT tests, for diagnosis of P. falci-
parum malaria. While both of these tests offer diagnosis of
malaria in under 15 min, there are differences between these
two tests and the OptiMAL test evaluated in this study. The
first difference is that the ICT and ParaSight-F tests are based
on detection of parasite histidine-rich protein 2, which has
been shown to remain in the blood at least 28 days after the
initiation of antimalarial therapy (5, 13). Thus, parasite clear-
ance after drug therapy may not be determined and patients
who have cleared the parasite may be falsely diagnosed as
malaria positive and given additional drug therapy. The second
difference is that the ICT and ParaSight-F tests detect only one
of the four Plasmodium species known to infect humans, P.
falciparum. Since over half of the patient samples in this study
contained P. vivax, the use of the ParaSight-F and ICT Malaria
P.f. tests alone would have meant that the majority of the
patients in this study would not have been diagnosed with
malaria.

The sensitivities of the three tests were not similar in our
study, since OptiMAL identified more P. falciparum-positive
samples than did the ICT and ParaSight-F tests. There are few
published studies on the ICT test. A report by Garcia et al. (4)
indicated that the ICT test was able to detect P. falciparum
malaria with parasite densities exceeding 80/l but that it was
unknown whether the test worked with densities of less than
80/wl. There are several reports in the literature on the Para-
Sight-F test. Its sensitivity has been reported by other research-
ers to range from 40 to 100% with parasite densities under
1,000/l (1, 5, 12); however, those authors used different meth-
ods for the determination of parasite density. This is a common
problem, since different laboratories base parasite densities on
leukocyte counts which vary between 1,000 and 10,000/pl of
blood. Other laboratories determine parasite density by using
erythrocyte formulations. The use of various methods to de-
termine levels of malaria parasitemia is turning into a major
problem, as it makes comparisons of test results from different
malaria researchers difficult.

There are compelling reasons to justify the implementation
of a rapid malaria diagnostic test in the field. None of the rural
clinics in this study had the ability to diagnose malaria on-site
due to a lack of microscopes and trained technicians to eval-
uate blood films. Moreover, patient follow-up is difficult due to
economic constraints. Many people cannot afford transporta-
tion, so they walk several hours, some carrying small children,
to reach a local clinic; once they have been seen, they do not
return. Diagnosis must therefore be immediate in order to
provide proper treatment. This is of particular importance in
areas such as Honduras, where dengue fever and other tropical
diseases mimic each other’s symptoms (e.g., fever, chills, and
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headache). In this study, roughly half of the patients symptom-
atic for malaria were actually infected with malaria parasites.
However, all received antimalarial medication, based on symp-
toms alone.

The world health care community is in desperate need of
rapid and precise diagnostic tools to assist in controlling ma-
laria, monitoring drug therapy, and limiting mortality and suf-
fering. Our data demonstrated that the OptiMAL test is an
effective, sensitive, and rapid diagnostic test for malaria that
could be invaluable in the fight to control malaria. Additional
studies to evaluate the use of OptiMAL in monitoring drug
therapy and in the detection of drug-resistant malarial strains
are under way.
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