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Ab stract. We eval u ated the Op ti MAL® rapid dip stick test by com par ing it 
with the con ven tional stan dard thick-blood film method, for the de tec tion of
ma laria in two groups of in di vid u als from dif fer ent Ven e zue lan en demic ar eas. 
One of the groups con sisted of in di vid u als with ma laria-like symp toms (n =
113) and the other of asymp tom atic in di vid u als (n = 89). The clas si cal mi -
cros copy anal y sis of these pop u la tions de ter mined that 67.5% were in fected
with P. vivax, 31.3% with P. falciparum, and 1.2% with mixed in fec tions. The
Op ti MAL® test showed 96.4% sen si tiv ity, 100% spec i fic ity, 100% pos i tive pre -
dic tive value, 97.5% neg a tive pre dic tive value and op ti mal con cor dance
(kappa = 0.97), ca pa ble of de tect ing any ma laria in fec tion in the eval u ated
pop u la tion. How ever, these pa ram e ters were lower when the parasitaemia was
£ 300 par a sites/µL. Freez ing of the sam ples did not af fect the sen si tiv ity and
spec i fic ity of the test. We con cluded that this rapid ma laria test is sen si tive
and spe cific for rapid di ag no sis of ma laria in the field and it is a com ple ment
to con ven tional mi cros copy.
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Eva lua ción de la prue ba OptiMAL® para el diag nós ti co 
de la ma la ria en Ve ne zue la.
Invest Clin 2008; 49(1): 93 - 101
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Re su men. Se eva luó el test rá pi do OptiMAL® com pa rán do lo con el exa -
men con ven cio nal de ob ser va ción de mues tras san guí neas para la de tec ción
de la ma la ria en dos gru pos de in di vi duos pro ce den tes de di fe ren tes áreas en -
dé mi cas de Ve ne zue la. Uno de los gru pos (n = 113) con sín to mas su ges ti vos
de ma la ria, y otro re pre sen ta do por in di vi duos asin to má ti cos (n = 89). El exa -
men mi cros có pi co de las mues tras de san gre de es tas po bla cio nes de ter mi nó
que 67,5% es ta ban in fec ta dos con P.vi vax, 31,3% con P. fal ci pa rum y 1,2%
con in fec cio nes mix tas. La prue ba OptiMAL® mos tró 96,4% de sen si bi li dad,
100% de es pe ci fi ci dad, con va lor pre dic ti vo po si ti vo de 100% y va lor pre dic ti vo 
ne ga ti vo de 97,5%. La de tec ción de cual quier in fec ción ma lá ri ca en la po bla -
ción to tal pre sen tó una con cor dan cia óp ti ma (kappa = 0,97). Sin em bar go,
es tos pa rá me tros fue ron más ba jos cuan do la pa ra si te mia era £ 300 pa rá si -
tos/µL. El con ge la mien to de las mues tras no afec tó la sen si bi li dad y es pe ci fi -
ci dad de la prue ba. No so tros con clui mos que esta prue ba rá pi da de ma la ria es 
sen si ble y es pe ci fi ca para el diag nós ti co rá pi do de la ma la ria en el cam po y
pue de com ple men tar a la mi cro co pia con ven cio nal.

Re ceived: 30-01-2007. Ac cepted: 03-07-2007.

INTRODUCTION

Ma laria causes more than three hun -
dred mil lion acute in fec tions and it kills at
least one mil lion peo ple ev ery year. Ninety
per cent of deaths due to ma laria take place 
in Sub-Sa ha ran Af rica and most of them in
chil dren un der the age of five (1). There are 
around 45,000 cases of ma laria per year in
Ven e zuela, with the high est prev a lence in
Bo li var and Sucre states. The clas si cal cho -
sen method for de tec tion of the ma laria
par a site is the ex am i na tion of Giemsa-
 stained thick and thin blood films. This
method al lows to es ti mate parasitaemia, to
dis tin guish be tween par a site growth stages
and to iden tify the four dif fer ent
Plasmodium spe cies. How ever, it has cer -
tain lim i ta tions, the need for trained staff

and spe cial ized equipments, which have
stim u lated the de vel op ment of new di ag nos -
tic meth ods suit able for field con di tions.
Other non-mi cro scop i cal di ag nos tic tech -
niques have been de vel oped. These meth ods 
in clude dif fer ent PCR-based tech niques like 
PCR and RT-PCR. The de tec tion lim its of
these meth ods (2.5 to 10 par a sites/µL) are
sim i lar to those pro vided by light mi cros -
copy, but in gen eral, they are tech ni cally
dif fi cult to per form and their use is re -
stricted to ref er ence cen ters (2-6). Other
tech niques for the lab o ra tory di ag no sis of
ma laria have been de vel oped to be used in
en demic and non-en demic ar eas such as the 
immunodiagnostic meth ods. These are
based on an ti body cap ture of cir cu lat ing
an ti gens from Plasmodium spp, dem on -
strat ing them to be fast and re li able. Bear -
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ing in con sid er ation the need to de velop
and to adapt re li able and sim ple tech niques 
to be used in the field, we con sid ered that
the sim plest and more suit able test for field 
use is the immunochromatographic strip
test. There are three meth ods based on the
cap ture of histidine-rich pro tein (HRP2):
Two test use Ig G monoclonal an ti body, the 
ParaSight™-F (Beckton and Dickinson) (7)
and Now® ICT™ Ma laria Pf/Pv (Binax, Inc.,
Port land, ME), which cap ture Plasmodium
aldolase, in ad di tion to the HRP2 pro tein
(8) and, PATH Falciparum Ma laria IC test
(9), that uses Ig M monoclonal an ti body,
which binds to the HRP2 an ti gen.

The Op ti MAL® Rapid Ma laria test
(Flow Inc, Port land, Org) is an immuno -
chromatographic as say that uses mono -
clonal an ti body-coated strips to de tect par -
a site lac tate dehydrogenase (pLDH) in
blood (10, 11). There is no cross-re ac tion
with hu man LDH (12). This test can be per -
formed in less than 20 min utes and does
not re quire highly trained per son nel. An ad -
van tage of the Op ti MAL® test is that it de -
tects only live par a sites, thereby pro vid ing a 
sen si tive mean of mon i tor ing treat ment
(13, 14). Prompt treat ments de pend on im -
me di ate and ac cu rate ma laria di ag no sis.
Our ob jec tive was to eval u ate the sen si tiv -
ity, spec i fic ity, pos i tive pre dic tive value
(PPV) and neg a tive pre dic tive value (NPP)
of the Op ti MAL® rapid test in com par i son
with stan dard mi cros copy for di ag no sis of
ma laria caused by P. falciparum and P.
vivax in two re gions from Ven e zuela.

MA TE RI ALS AND METH ODS

Study ar eas and pop u la tions
This study was con ducted from Jan u -

ary to May 2000 in en demic ar eas from Bo -
li var and Sucre states, Ven e zuela. Two sets
of pa tients were used, one of them (n =
113) was re ferred from the di ag nos tic cen -
ter “Dr. Francesco Vitanza”, Tumeremo,

Bo li var state, with ma laria-like symp toms.
The other group con sisted of asymp tom atic 
in di vid u als (n = 89), res i dents from Yagua -
ra paro, Sucre state, cho sen by ran dom ac -
tive seek ing in a cross sec tional study. They 
cor re spond to in di vid u als with no symp toms 
for at least 30 days and who had not taken
any anti-ma lar ial drugs, as dem on strated by 
thin layer chro ma tog ra phy of urine sam -
ples. Bo li var state is a well known en demic
area for ma laria in Ven e zuela (9,252 cases
for year 2000), be ing P. vivax the most
prev a lent spe cies (72.4%) at the time of the 
study, fol lowed by P. falciparum (27.6%).
Sucre state is also an en demic area (12,255 
cases for year 2000) be ing P. vivax the
prev a lent spe cies. El i gi ble sub jects were
more than 20 years old and pro vided con -
sent for in clu sion in this study. This re -
search was ap proved and con ducted un der
the su per vi sion and sup port of the Ven e zue -
lan Min is try of Health and So cial De vel op -
ment (MSDS).

Sam ple col lec tions
Whole blood sam ples were taken,

ear-tagged for thick and thin blood prep a ra -
tions and col lected into EDTA-coated cap il -
lary tubes for the Op ti MAL® test which was
per formed im me di ately. The thick and thin
smears were pro cessed within 30 min utes of 
sam ple col lec tion. A lim ited num ber of
sam ples were taken by venopuncture from
48 pa tients who agreed to do nate 5 mL of
blood, which were frozen in liq uid ni tro gen
for fur ther test ing at the lab o ra tory.

Ma laria di ag no sis with thin 
and thick blood smears

Slides were stained with freshly pre -
pared 10% (v/v) Giemsa so lu tion for 15
min utes, ex am ined for the pres ence of par a -
sites and blindly com pared against the re -
sults from the rapid di ag nos tic test. Slides
were re-ex am ined in the same way by two
in de pend ent ex pert read ers in the lab o ra -
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tory. Parasitaemia was mea sured by count -
ing the num ber of asex ual par a sites against
500 leu ko cytes on the thick blood film as -
sum ing an av er age of 8000 white blood
cells (WBC)/µL (15). Smears were con sid -
ered neg a tive if no par a sites were found in
500 fields (1000 × mag ni fi ca tion) on a
thick blood film.

Ma laria di ag no sis with Op ti MAL
The Op ti MAL® test (DiaMed SA, 1785,

Cressier sur Morat, Swit zer land un der li -
cense from Flow, Inc, Port land, OR 97201,
USA) was per formed fol low ing the man u fac -
turer’s in struc tions. Briefly, one drop of
whole blood was mixed with two drops of
lysis buffer A, which dis rupts the red blood
cells and re leases the pLDH. The spec i mens 
were then al lowed to mi grate to the top of
the pLDH strip. Af ter eight min utes, the
strips were placed in wash ing buffer B,
which sep a rated the he mo glo bin from the
strip. The test re sults were read im me di -
ately. Neg a tive con trol sam ples were taken
from an in di vid ual who had not been ex -
posed to ma laria for three years, and in -
cluded within each batch tested. The as say
has an in ter nal con trol band at the top, a
pan-Plasmodium-spe cific band in the mid -
dle (which also rec og nizes the pLDH
isoform from P. vivax), and a P. falciparum-  
spe cific band at the bot tom. The test was
com pleted in 10-15 min utes. All dip stick
tests were per formed blindly with re spect to 
re sults from other di ag nos tic tests.

Data anal y sis
Sen si tiv ity was cal cu lated as true

positives/(true positives + false neg a tives)
and spec i fic ity as true neg a tives/(true neg a -
tives + false positives). Sen si tiv ity and spec -
i fic ity were de ter mined at dif fer ent lev els of 
parasitaemia. Pos i tive and neg a tive pre dic -
tive val ues were cal cu lated based on the
prev a lence of Plasmodium spp (or ma laria
par a site) dur ing the study. The (kappa) sta -

tis tic method was used to mea sure agree -
ment be tween the tests. This rep re sents the 
pro por tion of agree ment be tween ob ser va -
tion and chance: a value of 1 in di cates per -
fect agree ment, and 0 in di cates agree ment
than would be ex pected to oc cur on the ba -
sis of chance alone (16).

The sta tis ti cal anal y sis were con ducted 
with SPSS 7.5 for Win dowsÒ and Epi-Info
6.04

RE SULTS

A to tal of 202 in di vid u als were in ves ti -
gated for ma laria par a sites by mi cros copy
in Giemsa-stained blood smears, and 83
(41.1%) were found to be pos i tive (78 symp -
tom atic and 5 asymp tom atic). From these,
56 (67.5%) were in fected with P. vivax, 26
(31.3%) with P. falciparum and 1 (1.2%)
mixed in fec tion (Ta ble I). On the other
hand, the Op ti MAL® test iden ti fied ma laria
in fec tion in 80 (39.6%) in di vid u als. From
these, 56 (70.0%) had P. vivax in fec tion
and 23 (28.8%) had P. falciparum in fec tion. 
Mi cros copy iden ti fied 3 cases of P.
falciparum and one mixed (1.2%) in fec tion
that the Op ti MAL® test could not dis crim i -
nate (Ta ble II). Two in de pend ent ex pert
microscopists iden ti fied the same num ber
of pos i tive and neg a tive blood films for ma -
laria (data not shown).

Based on mi cros copy re sults, the Op ti -
MAL® test showed 96.4% sen si tiv ity (S),
and 100% spec i fic ity (E). The Pos i tive Pre -
dic tive Value (PPV) was 100 % and the Neg -
a tive Pre dic tive Value (NPV) was 97.5%,
with op ti mal con cor dance (kappa = 0.97)
for de tec tion of any ma laria in fec tion in the 
to tal pop u la tion. No false-pos i tive re sults
were ob served. Re sults for P. falciparum in -
fec tions were: sen si tiv ity 88.5%, spec i fic ity
100%, PPV 100%, and NPV 98.3%, with op ti -
mal con cor dance (k = 0.93). Mean while,
re sults for P. vivax in fec tions were: 100%
sen si tiv ity, spec i fic ity, PPV and NPV and
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per fect con cor dance (k = 1). In symp tom -
atic pa tients, the sen si tiv ity was 96.1%,
spec i fic ity 100%, PPV 100% NPV 92.1% and
op ti mal con cor dance (kappa = 0.93) (Ta -
ble II). How ever, in the asymp tom atic in di -
vid u als, the same in di ca tors were 100% with 
per fect con cor dance (k = 1). The Op ti -

MAL® and mi cros copy re sults for sen si tiv -
ity, spec i fic ity, PPV and NPV at var i ous lev -
els of parasitaemia are shown in Ta ble III.
The Op ti MAL® test did not de tect the low -
est level of parasitaemia (64, 73 and 200
par a sites/µL) for P. falciparum in fec tions,
the min i mum level of parasitaemia de -
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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

Central Laboratory Health service in
endemic area

Symptomatics
    P. vivax
    P. falciparum
    Mixed infections
    Negatives

54
27
2
30

51
26
1
35

51
23
ND
38

Positive
Negative

83/113
30/113

78/113
35/113

75a/113
38/113

Asymptomatics
    P. vivax
    P. falciparum
    Mixed infections
    Negatives

5
0
0
84

5
0
0
84

5
0
0
84

Positive
Negative

5/89
84/89

5/89
84/89

5/89
84/89

TOTAL 202 202 202
aInclu de one mi xed in fec tion not dis cri mi na ted of P. fal ci pa rum in fec tion.    ND: Not dis cri mi na ted.

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

LABORATORY WITH MICROSCOPY

OptiMAL®

Mi cros copy at Health Ser vi ce in en de mic
area

Mi cros copy Cen tral La bo ra tory*

Positive Negative Total Positive Negative Total

Positive 80   0  80  80a   0  80

Negative  8 114 122  3 119 122

TOTAL  88 114 202 83 119 202
aMi xed in fec tions are in clu ded.    * Sen si ti vity: 96.4%.     Spe ci fi city: 100%.     PPV: 100%.    PNV: 97.5%.    k: 0.97.



tected was 240 par a sites/µL. In or der to
eval u ate the ef fect of freez ing on the Op ti -
MAL® test, blood sam ples were frozen and
stored for 30 days. The Op ti MAL® test re -
sults were com pared with fresh sam ples and 
did not show dif fer ences for both con di -
tions: sen si tiv ity (97.7%), spec i fic ity
(100%), PPV (100%) and NPV (75.0%), with 
op ti mal con cor dance (k = 0.86).

DIS CUS SION

This study com pares the per for mance
of the Op ti MAL® test with stan dard mi cros -
copy in pa tients with sus pected ma laria and 
asymp tom atic in di vid u als from dif fer ent re -
gions of Ven e zuela. The Op ti MAL® as say
dem on strated 100% sen si tiv ity for P. vivax
and 88.5% for P. falciparum in fec tions in
the eval u ated pop u la tions. The es ti mated
prev a lence of ma laria in fec tion, eval u ated
by this method, was 39.6%. The sen si tiv ity
of the method de creases when the in fec tion 
was un der 300 par a sites/µL. Stud ies con -
ducted in Pa ki stan by Igbal et al., (17)
found that Op ti MAL® had a sen si tiv ity, PPV
and PNV val ues con sid er ably lower for P.
vivax in fec tions than for P. falciparum in -
fec tions. In our study, the con cor dance be -
tween the Op ti MAL® test and mi cros copy

for de tect ing P. vivax in fec tions in asymp -
tom atic in di vid u als was ex cel lent. The rea -
son for this re sult is that these in di vid u als
had high parasitaemia (280-5,640 par a -
sites/µL). Sim i lar re sults have been found
in other stud ies con ducted in our lab o ra -
tory (un pub lished data). How ever, Coleman 
et al. (18) re ported the com bi na tion of
poor as say spec i fic ity and low sen si tiv ity in
asymp tom atic in di vid u als with par a site den -
si ties <500/µL with the same method. In -
cor po ra tion of more sen si tive tests for de -
tect ing low par a site den si ties, like PCR,
could sup port the re sults ob tained with the
Op ti MAL® method, as shown pre vi ously (19, 
20).

Stud ies from Brazil have re ported good 
sen si tiv ity when parasitaemia was greater
than 250 par a sites/µL for P.vivax and
greater than 400 par a sites/µL for P.
falciparum (21). Lower sen si tiv ity (88.2-
 92.0%) for de tect ing in fec tions with
500-1000 par a sites/µL, and even lower sen -
si tiv ity for de tect ing in fec tions with less
than 500 par a sites/µL, has been re ported in 
stud ies con ducted in Gam bia (22), In do ne -
sia (23), Co lom bia (24), Peru (25), and
Mex ico (26). Dif fer ences in the sen si tiv ity
ob served in these stud ies can be ex plained
by the fol low ing: 1. ex per tise of the mi cros -
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TABLE III
PARASITE LEVELS DETECTED BY THIN-THICK SMEAR AND THE OptiIMAL® TEST

Parasites/µL N° of positives by
thick and thin

smears

N° of Positives by
OptiMAL®

Sensitivity
%

Specificity
%

PPV
%

NPV
%

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 99.4

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



co pist to de tect and to dif fer en ti ate be -
tween in fec tions; 2. dif fer ences in the
meth ods to es ti mate par a site den sity and 3. 
im mu nity due to pre vi ous ex po sure. Since
cir cu lat ing ma laria an ti gens could be
complexed to an ti bod ies, they might not be 
avail able for immunocapture by the two an -
ti bod ies pres ent in the di ag nos tic strip.
How ever, we did not ob tain ev i dence from
sam ple pop u la tions to sug gest that pre-ex -
ist ing anti-pLDH an ti bod ies in ter fered with
Op ti MAL in de tect ing ma laria. It is im por -
tant to note that sam ple freez ing did not af -
fect the per for mance of the Op ti MAL® test. 
This re sult pro vides ev i dence of pLDH sta -
bil ity as a tar get for ma laria di ag no sis.

Mi cros copy iden ti fied 3 cases of P.
falciparum and one mixed in fec tions that
the Op ti MAL® test could not dis crim i nate
it. It is pos si ble that low lev els of para -
sitaemia in those pa tients (£ 200 par a -
sites/µL) cor re spond to low pLDH blood
con cen tra tions, which are prob a bly within
the sen si tiv ity lim its of the test, re sult ing in 
fail ure to cap ture the an ti gen by the
monoclonal an ti body pres ent in the dip -
stick. An other rea son could be the re ten -
tion of par a sites in the en do the lium of cap -
il lary ves sels (27) or the pres ence of pLDH
as im mune com plexes avoid ing its cap ture
by MAbs.

The Op ti MAL® test was very sen si tive
for de tect ing P. vivax in pop u la tions with
co-en demic P. falciparum and P.vivax in -
fec tions. How ever, in mixed in fec tions, this
method did not dis crim i nate P. falciparum
be cause of cross-re ac tiv ity by the pan-spe -
cific band. The in abil ity to dis tin guish
mixed P. falciparum in fec tions with the Op -
ti MAL® dip stick test lim its its clin i cal use,
es pe cially in ar eas where drug re sis tance is
prev a lent. There fore, the sen si tiv ity of the
test de pended more on the den sity of par a -
sites than on the spe cies pres ent.

The con cor dance found be tween the
Op ti MAL® test and mi cros copy for de tect -

ing P. vivax in fec tions in asymp tom atic
con di tions was ex cel lent. How ever, in other
stud ies, the Op ti MAL® showed mark edly
less sen si tiv ity than mi cros copy for de tect -
ing in fec tions in asymp tom atic peo ple (17). 
These re sults sug gest that the immuno -
chromatographic test may be a use ful ep i -
de mi o log i cal tool for early de tec tion and
treat ment of ma laria, par tic u larly in ar eas
where P. vivax ga meto cytes ap pear at the
on set of the in fec tion and the risk of trans -
mis sion ap pears ear lier than in P.
falciparum in fec tions. Re gard ing to symp -
tom atic pa tients, the Op ti MAL® test pro -
vides an eas ier, rapid, ob jec tive and ap pli ca -
ble al ter na tive for most re mote en demic ar -
eas lack ing spe cial ized lab o ra tory fa cil i ties
and per son nel (17), al low ing early treat -
ment and avoid ing com pli ca tions. This is
par tic u larly true in P. falciparum-in fected
pa tients, which can be neg a tive by mi cros -
copy due to the par a sites be ing kept at the
vas cu lar en do the lium (27). We are aware
that, al though this test should not re place
con ven tional mi cros copy, it is a valu able
tool as a com ple men tary di ag no sis for ma -
laria in the field and at the lab o ra tory.
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