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We compared the diagnostic performance characteristics of newly developed method, the rapid dip-
stick test, which provides colorimetric determination by developing antibody to the lactate dehydroge-
nase enzyme of parasites, with conventional standard thick-blood film examination. For the rapid test,
OptiMAL commercial kits were used. The results were also evaluated with clinical findings from pa-
tients. The parasites were determined by microscopic examination of thick-blood films from 81 patients
with vivax malaria from southeastern Anatolia, Turkey. The OptiMAL test results were found to be
negative in five patients who were diagnosed clinically and through thick-film testing as having vivax
malaria. There was no false positivity observed with the OptiMAL test. We concluded that this rapid
malaria test has a lower level of sensitivity than the classical thick-blood-film test for malaria, but that
these methods have equal specificity.
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More than 3 billion people worldwide live in site antigen by the use of specific antibodies which
malarious regions. Every year, 200 million peopl@are bound to the membrane: ICT Malaria P.f./P.v.
are infected with malaria and 2 million of thesgICT Diagnostics, Sydney, Australia) targets histi-
die from the disease. There are four species caufine-rich protein 2 (HRP-2) oP. vivaxand P.
ing human malariaPlasmodium falciparumP. falciparum (first reported by Garcia et al. 1996),
vivax, P. ovaleandP. malaria Ninety-five per- whereas OptiMAL (Flow, Inc., Portland, Oregon)
cent of all human malaria is caused By detects parasite-specific lactate dehydrogenase
falciparumandP. vivax The bite of theAnoph- (pLDH) first reported by Palmer et collegues
elesmosquito transmits the malaria parasite to huGarcia et al. 1996, Palmer et al. 1998).
mans (Tirasophon et al. 1994). The cyclic recur- While work has been done on the diagnostic
rence of malaria epidemics has a tremendous irperformance of the HRP-2, which is used in the
pact on the health infrastructure in developingliagnosis of vivax malaria in our region, the diag-
countries and has an adverse effect on local econmsis performance of the pLDH method has not,
mies, since infected individuals are often too deto our knowledge, been examined. Thus, the aim
bilitated to work (Krogstad 1996). The classicabf the present study was to assess the diagnostic
gold-standard method for detection of the malariperformance characteristics of the OptiMAL test
parasite is the examination of Giemsa-stained thickith vivax malaria patients according to clinical
and thin blood films. However, rapid malaria test§indings and the results of classical thick-blood-
have recently been introduced as alternative metfilm testing.
ods to cpnventlonal microscopy for the diagnosis MATERIALS AND METHODS
of malaria (Parra et al. 1991). ) i ) .

Two fast and simple immunochromatographic  This study was conducted in Sanliurfa in the
tests (ICT) based on the dipstick principle havéoutheastern Anatolia region of Turkey during the
recently become available for the diagnosi®of Period September-November 1999. Permission for

vivax malaria. Both tests detect circulating paratesting was obtained from patients who were ad-
mitted to the Siverek Malaria Eradication Centre.

The majority of the blood samples were collected
from individuals living in rural areas. A total of
190 whole-blood samples were obtained from pa-
*Corresponding author. Fax: +90-324-337.4305. E-maifi€nts with malaria-like symptoms, including fe-
gaslantr@yahoo.com ver and/or chills, of several days’ duration. A com-
Received 19 July 2000 pleted questionnaire was obtained from each pa-
Accepted 22 January 2001 tients.
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Two milliliters of venous blood was drawn into strip was cleared by adding two drops of reagents
EDTA-coated syringes, distributed into sterile tesB. The appearance of a dark band on the strip indi-
tubes, and placed immediately on ice. Thin andates a positive reaction for any one of the four
thick-smear blood films were prepared on the sitmajor malaria species infecting humans. The mono-
at the time of specimen collection. The whole-bloodlonal antibody attached at this area of the strip is
samples were stored a80°C until study. against an enzyme common to the fplasmo-

Microscopic determination of the parasite, anddium species targeted. All stages of the parasite
counting the parasitaemia All the blood films are present in the blood duriRg vivaxinfections
were stained with Giemsa and were initially exand the pLDH enzyme is presentin all these stages
amined at the Siverek Malaria Eradication CentrduringP. vivaxinfections.
by a malaria expert. They were then reexamined RESULTS
independently by two skilled microscopists at the .

Clinical Microbiology Laboratory of Harran Uni-  Eighty-one of the 190 patients who had ma-

versity. A slide was considered to be negative whearia-like symptoms were diagnosed as hawing

no parasites were detected in 200 WBCs by eith&vaxmalaria on the basis of thick-film and clini-

of the microscopists (Beadle et al. 1994). cal findings. Seventy-six of these patients were
Parasite density (parasites/pl blood) was caPositive acqording to the.OptiMAL test. Of the five

culated for each positive thick film by assumindalse negative results with the OptiMAL test, four

8000 WBCs/pl blood. Thus, parasites in thick-filmexhibited 1-500 parasites/pl, and one appeared to

fields were counted until 200 WBCs had been ob=ontain 2000 parasites/ul. However, no false posi-

served, and the parasite count was then multipligtye results with the OptiMAL test were determined.

by 40 to give the number of parasites per milliliter hree of the five false negative patients had used

of blood. This method does not take into accour@nti-malarial drugs irregularly. The diagnostic per-

the known loss of parasites in the thick film, whicHormance characteristics of OptiMAL test are given

suggests that it produces an underestimate, but tiethe Table.

“standard” white blood cell value is probably too DISCUSSION

high, which helps to cancel out this error (Warhurst . L

& Williams 1996). _ The_recently dgvelopeq rapid malana_dlagnos-

Malaria diagnosis wittOptiMAL assay The U test s an effective tool in the diagnosis of ma-
whole-blood samples were tested with thd2rnal infections. The world health community is
OptiMAL ” assay. This utilizes a dipstick coated” urgent need of rapid precise diagnostic tools to
with monoclonal antibodies against the intracellu@SSist in controlling malaria, monitoring drug
lar metabolic enzyme pLDH. The pLDH antigentn€rapy, and reducing morbidity and mortality.
is present in parasite-infected erythrocytes and js _1"€ OPUMAL test is an one-step coloured
released from them. Immunochromatographic assay which was de-

The differentiation of malaria parasites is basegfigned as an in vitro diagnostic test for the detec-
on antigenic differences between the pLDHO" of P. vivaxandP. falciparummalaria in whole
isoforms. Since pLDH is produced only by liveP00d: . . .
plasmodiunparasites, this test has the ability to We mye.stlgafter(]]l the diagnostic pherfg_rmance
differentiate living organisms from dead one. Thé&haracteristics of the OptiMAL test. The diagnos-
test uses two reagents (A and B) included in tHif Sensitivity, specificity, positive predictive value,
kit. One drop of blood was mixed with two dropsneganve predictive value and efficiency of the test
of .reagent A, and the sample was allowed to miYere determined. The relationship between the
grate to the top of the dipstick. After 10 min, theP@rasite number and the diagnostic power of the

TABLE
Diagnostic performance characteristics of the OptiMAL test for the diagnosis of vivax malaria
Parasites/pl Samples Samples Sensitivity Specificity (+)predictive  (-)predictive
positive positive value value
by dipstick by blood film
1-500 42 46 0.91 1 1 0.96
501-1000 5 5 1 1 1 1
1001-5000 18 19 0.94 1 1 0.99
5001-10000 10 10 1 1 1 1
Total 76 81 0.93 1 1 0.95
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test was also evaluated. In addition, the number pkared to contain 12000 parasites/ml. Three of the
parasites and the intensity (clear or pale) of the colfive false negative patients had used anti-malarial
of the positivity line which forms on the test stripdrugs irregularly.

were evaluated (Figure). It was determined thatthe The sensitivity of the OptiMAL test was de-
intensity of the colour varied according to the paraereased in cases of less than 500 parasites/pl, as
sitemia level, in the case of a low level of parahas also been reported in other studies (Palmer et
sitemia, a pale positive line appeared whereas tiaé 1998). There was a discrepancy between the
color of the line was distinct when the level ofthick-film and OptiMAL tests in one case in which
parasitemia was high. the parasite count was 2000/ul. This case was ex-

As it may be seen in the Table, 81 of the 19@mined several times, but the result was unchanged.
patients who had malaria-like symptoms were diNo reasonable explanation for this could be found.
agnosed as havirg) vivaxmalaria on the basis of No false positive results were detected with the
thick-film examination and clinical findings. Sev- OptiMAL test. The specificity of the OptiMAL tests
enty-six of these 81 individuals were positive acwas 100% for all parasite counts and the positive
cording to the OptiMAL test. Five cases were foungbredictive value was one.
to be false negative with the OptiMAL test, four of  The diagnosis of malaria relies on the micro-
which exhibited 1-500 parasites/pl, while one apscopic examination of blood films. However, the
ParaSight-F test for the specific detectionPof
falciparumantigen has been developed, and this is
A B C 98% sensitive and 100% specific (Swift et al. 1993).
It may be useful for quick diagnosis when micros-
copy is not available. Nevertheless, as it detects
only theP. falciparumantigen, the identification
of otherplasmodiumspecies is impossible when
this test is used alone. However, an alternative test,
the OptiMAL assay, has been developed, which is
based on the detection of an abundant intracellular
metabolic enzyme (pLDH) produced by viable
malaria parasites. The pLDH is present in, para-
site-infected red blood cells and is released from
them. The OptiMAI® assay detects the pLDH en-
zyme with a series of monoclonal proteins. The
differentiation of malaria species is based on anti-
genic differences between the pLDH isoforms.

Berchem et al. (1999) reported that the sensi-
tivity of ICT testing is related to the rate of para-
sitemia. In cases where 50-500/ml parasitemia was
detected, the sensitivity was 85%. They also re-
ported false results with ICT testing in whose thick-
blood films were negative and who had received
anti-malarial treatment two or three times previ-
ously.

In a study carried out in Honduras, Palmer et
al. (1998) using the OptiMAL test, were unable to
identify 5 out of 79 malaria patients who tested
positive forP. vivaxwith the thick-blood film
method. They reported that the sensitivity of the
OptiMAL test was 94-98%, while the specificity
of the test was 99-100%. As it may be seen in the
Table, the results of the present study are in agree-
ment with these findings.

The fact that some of the malaria infections
L . ) . detected by blood films were not detected by the
Three dip stick results which the intensity of the colour var- . .
ied accorr)ding to the parasitemia level, t?/]e color of the IinppthAL test may be beca}use the OptIMAL' t,ESt
was distinct when the level of parasitemia was high (A) where@nly detects pLDH which is expressed by living
in the case of a low level of parasitemia, a pale positive linparasites. There are several possible explanations
appeared (C, B). for discrepancies in the results obtained by blood-
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film examination and by the OptiMAL test, (i) in-  Epidemiol Rev 1877-89.

sufficient detection of low parasitemia levels bylelinek T, Grobusch PM, Schwenke S, Steild S,
OptiMAL; (ii) the fact that OptiMAL detects only ~ Sonnenburg von F, Nothdurft HD, Klein E, Loscher
live parasites producing pLDH; and (jii) the se- T 1999. Sensitivity and specificity dipstick test for

questration of parasites (Jelinek et al. 1999). Ef’r:dhﬂﬁggfj'sg-ogﬂ?%a in nonimmune travelers.

I'n conc!u5|on, t'h.e rapid mglgrlal dla'gnO.SIS teS'iDaImer CK, Lindo JF, Klaskala WI, Quesada JA,
OptiMAL, is specific anql efﬁmenj. Th|5l S|mpI¢, Kaminsky R, Baum MK, Ager AL 1998. Evalua-
rapid test can be used in the diagnosis of vivax tjon of the OptiMal test for rapid diagnosisRiais-
malaria in the situations where specialized labora- modium vivaxandPlasmodium falciparurMalaria.
tory facilities and personnel are not available. Clin Microbiol 1: 203-206.
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