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Alternative, non-microscopic methods for the diagnosis of malaria have recently become available. Among
these, rapid dipstick methods stand out. One such test, OptiM&based on the immunochromatographic detec-
tion of Plasmodiunactate dehydrogenase (pLDH) and has the capacity to detect and distinguish infections caused
by P. falciparumandPlasmodiunsp. This capacity is particularly important in countries where different species of
Plasmodiumco-exist. In this study we evaluated the performance of OptiViAlan urban referral center for
malaria diagnosis. Two sets of patients were included: one (n = 112) having predetermined infectios with
falciparumor P. vivaxand individuals with negative blood smears; and another consisting of all eligible consecutive
patients (n = 80) consulting for diagnosis at the referral center during one month. The overall diagnostic efficiency
of OptiMALZ for both sets of patients was 96.9%. Efficiency was highe®. faivax(98.1%) than foP. falciparum
(94.9%). These results corroborate the diagnostic utility of OptiMiilsettings wher®. vivaxandP. falciparunco-
exist and support its implementation where microscopic diagnosis is unavailable and in circumstances that exceed
the capacity of the local microscopic diagnosis facility.
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Rapid and accurate diagnosis is critical to the effecaalaria with antimalarial drugs, self-medication and in-
tive management of malaria and is one of the principabmplete treatment upon improvement of symptoms. All
interventions in the control of this disease (WHO 1993nf these practices could favor the development of drug
Better utilization of microscopy, the standard method oEsistance.
diagnosis, and the development of alternative diagnostic Notwithstanding the obvious virtues of microscopy,
methods, could substantially improve the control of malternative methods of malaria diagnosis that overcome
laria (WHO 2000). its limitations are needed. In response to this need, sev-

Microscopic diagnosis is highly sensitive and speeral new diagnostic methods have been developed in-
cific. This test allows discrimination of asexual and sexualuding serological tests, PCR (polymerase chain reac-
parasite stages, differentiation of the four species th@n), and fluorescent microscopy like QBQquantita-
cause human malaria, and quantification of parasitemiée buffy coat) (Makler et al. 1998). Although these tech-
However, requirements such as electricity, a functioningologies have provided alternatives for some diagnostic
microscope, highly trained technicians, and strict qualitgircumstances, the requirement of sophisticated equip-
control, result in this method being unavailable in remot@ent and training has prevented the displacement of mi-
endemic regions. croscopy as the routine diagnostic method.

In places where microscopic diagnosis is not avail- More recently, immunochromatographic tests, also
able, the diagnosis of malaria is based on the clinical pieaown as rapid diagnostic tests of malaria, have been
sentation of illness. This practice is unreliable because@éveloped. The histidine rich protein Il (HRPII) (Shiff et
the non-specific nature of malaria symptoms, which caal. 1993) andPlasmodiunactate dehydrogenase (pLDH)
readily be confused with those of other tropical febriléMakler & Hinrichs 1993), are the most common antigens
illnesses (WHO 2000). Reliance on clinical diagnosis ressed. OptiMAL dipstick test (Flow Inc., Portland, OR) is
sults in inappropriate treatment of patients not havingble to differentiate betwedn falciparumand nonP.
falciparum malaria based on the ability of monoclonal
antibodies to react witAlasmodiunsp. andP. falciparum
specific epitopes of pLDH. In countries where different
species oPlasmodiunto-exist, the ability to detePas-
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those for other species Bfasmodium because of the Diagnosis using OptiMAE - The OptiMALY test
high frequency of resistance to chloroquine (Osorio et gFlow Inc. Portland, OR) employs immunochromatography
1999) the absence of hipnozoite liver stages and the riska dipstick that contains monoclonal antibodies (Mabs)
of lethal complications of infection. Therefore, diagnostidirected against the enzyme pLDH. There are two Mabs:
tests that both detect and distinguBifalciparumand one is specific foP. falciparumand is located at the bot-
Plasmodiunsp. infection are essential to the appropriateom of the dipstick and the other is specific Fdasmo-
treatment and management of malariain Colombia.  diumsp. and is located in the middle of the dipstick. A

In this study we have evaluated the rapid diagnostpolyclonal goat anti-mouse antibody located at the top of
test OptiMAL- in a referral center under the conditionghe dipstick functions as a reaction control by capturing
of a public malaria diagnostic service. Sensitivity, specthe mouse anti-pLDH monoclonal colloidal gold conju-
ficity, predictive values and efficiency in comparison wittgate. The whole process was conducted following the
conventional microscopy as “gold standard” were detemanufacturer’s instructions. In accordance with the spe-
mined. Additionally, PCR was used as a second gold stasies prevalent in Colombia, positive resultPlasmo-
dard because of its greater sensitivity in cases of losdiumsp.were considered to @ vivaxin our analysis.
parasitemia (Snounou et al. 1993). PCR

MATERIALS AND METHODS DNA extraction- DNA was extracted from the blood

Study site- This study was conducted in Cali, theSPOtS impregnated on filter paper using a modified Sapo-
second largest city in Colombia, within the Malaria DiagPin-Chelex protocol (Giraldo et al. 1998). The blood spots
nostic Service of the Universidad del Valle and th&/er€ cut up into small pieces, suspended in 1% Saponin
Secretaria de Salud Pablica Municipal. Although malarig distilled water (Sigma, St. Louis, MO) and incubated on
is not transmitted in the city of Cali, this urban center i&€ 0 produce lysis of the cells, followed by a second
located near endemic areas and serves as referral celfigioation at 56°C and 100°C with 5% Chelex-100 resin
for malaria diagnosis in South Western Colombia. (BioRad, Hercules, CA) that captures and releases the

Patients and samplesPatients consulting the Ma- DNA in response to the change of temperature.
laria Diagnostic Service were invited to participate in the N€Sted diagnostic PCRA nested diagnostic PCR
study if they had fever and a history of traveling to a}fas used as described previously (Snounou et al. 1993).
endemic area. Informed written consent was obtain(:,l_c?'S PCR is based on the amplification of the sequences
from all patients included. A first study group, desig® the gene that code for the 18S subunit of the four ma-

nated Group |, was composed to conduct an explorati@{ia parasites. Ten microliters of the extracted DNA were
of the test pérformance in malaria patients wih used as template for the first amplification reaction. Five

falciparumandP. vivax and in controls having negative Microliters of the amplification product of the first reac-
thick smears. The second group, Group 1, consisted [N Were used for the second amplification. All the ampli-
consecutive patients consulting the Malaria Diagnosti¢cations were performed in a PTC-100 thermocycler (MJ
Service during a period of one month. The latter grodp€S€arch Inc.) and the DNA amplified by PCR was elec-
was enrolled in order to evaluate the performance of thgPhoresed in 2% agarose gels and visualized on a UV
diagnostic for the case mix (including a high proportioff@nSiluminator after staining with ethidium bromide.

of non-malarial febrile illness) typically consulting this , Data analysis- The sensitivity, specificity and pre-
service. Thick smear and OptiMALwere performed for dictive values of the OptiMAE test were calculated us-
both groups. In addition, PCR was performed for Groulfd the thick smear as the gold standard. For Group II
II. A fingerprick blood sample was obtained from eac©th the thick smear and PCR were independently used

patient and was used to prepare thick and thin sme&$ 9°!d sDtandards._ Overall, diagnostic efficiency of
and to fill a heparinized capillary tube used for th&PUMAL ™ for malaria and for each speciesrdasmo-

OptiMAL':' test. Additionally, for Group Il blood samplesdium was determined based on the combined results of

were collected on Whatman filter paper #3 for DNA exSrouP I and I, as described by Weigle et al. (1993) using
traction. the formula:

Diagnosis by thick/thin smearThick smears were 1 - False negatives + False positives X 100
treated with methylene blue to remove hemoglobin and Total samples
thereby facilitate reading of the slides, then stained with o )
1% Giemsa in phosphate buffer (pH 7.2). Thin smears wel8e statistical analyses were conducted with SPSS 7.5 for
fixed in methanol and stained with 2% Giemsa and weMindows” and Epi-Info 6.04.
evaluated only if parasite species confirmation was RESULTS
needed. All the smears were evaluated using light micros-
copy at 1000X magnification by two trained medical tech-
nologists with more than a year of experience in readi
malaria slides. A thick smear was considered negative
no parasites were seen in at least 200 fields. In positi
smears parasitemia was calculated as follows:

Diagnosis with thick smear and OptiMAln Group

- A total of 112 patients were included in Group I.

ghty-seven patients presented a positive thick smear:
withP. vivax 28 withP. falciparum 3 with mixed ma-

aria (P. vivaxandP. falciparum) 1 withP. malariae while

Number of . 25 patients were negative for malaria. Sensitivity was

umber ot parasites _ ; igher forP. vivaxthanP. falciparum whereas specificity
100 leukocytes X'8000 leukocytes/ul = parasneswgs comparable for both species (Table I).
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TABLE | analysisthe sensitivity of OptiMALZ for both species
Sensitivity, specificity and positive (PPV) and negative Was lower; 83.3% fdP. falciparumand 84.2% foP. vivax
(NPV) predictive values of OptiMAE for the diagnosis of ~ versus 100% using the conventional gold standard. The
Plasmodium falciparunor P. vivaxinfections in Group # specificity was unaffected (data not shown). For
falciparumthe single false negative sample came from a
_ ) patient in post-treatment control. Harvivaxthere were
P. falciparum P. vivax three false negative cases and two were from patients

% sensitivity (95%IC)  89.3 (70.6-97.2)  98.2 (89.0-99.9with history of previous episodes of malaria.
% specificity (95%IC) 100 (84.3-100) 96.0(77.7-99.8)  The predetermined diagnosis of patients included in

Group |

% PPV (95%IC) 100 (83.4-100)  98.2 (89.0-99.9)Group | and the small number of patients with malaria in
% NPV (95%IC) 89.3 (70.6-97.2)  96.0 (77.7-99.8)Group Il (n = 20) limited the generalizability of the results
a: composed to conduct an exploration, a total of 112 patieriRat were obtained. Therefore, we conducted an analysis
were included. of Group | and Group Il combined to obtain a more repre-

sentative assessment of the diagnostic performance of
OptiMALY compared with thick smear (Table 1Il). The
results were similar to those obtained for Group I, but
Among cases oP. falciparuminfection, there were confidence intervals were narrower. Overall, diagnostic
three false negative tests in which OptiMAlwas posi- efficiency for malaria was 96.9%. The diagnostic efficiency
tive but failed to correctly diagnose the species. In two ¢br P. vivaxwas higher (98.1%) than fé&. falciparum
these cases the level of parasitemia was low (80 and 488.9%).
parasites/ul) and in one the parasitemia consisted only of Parasitemia- Parasitemia levels f&. falciparumin
sexual forms. Likewise, fdP. vivaxcases the only false Group | varied from 80 to 64,88farasites/pl and fde.
negative case presented scarce parasitemia (80 parasi@es(xfrom 80 to 28,800 parasites/pl. The three false nega-
ul). A false positive result fdP. vivaxoccurred in a pa- tive cases oP. falciparumusing OptiMALZ had para-
tient with a history of travel to an endemic area but negaitemia values ranging from 80 to 800 parasites/ul and the
tive thick smear on two occasions. false negative oP. vivaxhad a parasitemia of 80 para-
In the three cases of mix&dfalciparuniP.vivaxma-  sites/pl. In Group Il parasitemia varied from 80 to 20,720
laria, OptiMALY diagnosed onl. falciparumin two and  parasites/pl foP. falciparumand from 160 to 20,320 para-
P. vivaxin one. In the single case®fmalariag reactiv- sites/pl forP. vivax
ity occurred with the Mab fdPlasmodiunsp., and there-
fore it was consideredRa vivaxinfection in our analysis.
Diagnosis using thick smear, OptiMAland PCR in

Group Il - During the sampling period (one month), 80 TABLE Il
patients were included in this group. Fifteen samples wetgnsitivity, specificity and positive (PPV) and negative (NPV)
positive forP. vivax four forP. falciparum one had mixed predictive values of OptiMAE for the diagnosis of

infection and the remaining 60 samples were negative foPlasmodium falciparuror P. vivaxinfections in Group I#
malaria by thick smear. All the samples that were positive
by thick smear in this group were also positive by _
OptiMAL " for the corresponding species. Sensitivity and P. falciparum P. vivax

specificity was high for both species but the low prevay, sensitivity (95%IC) 100 (39.6-100) 100 (75.9-100)
lence of malaria infection resulted in wide confidence ir4 specificity (95%IC) 95.0 (85.2-98.7) 98.0 (89.9-99.9)
tervals and false positive results Fofalciparumaffected % PPV (95%IC) 57.1 (20.0-88.2) 94.1 (69.2-99.7)
the corresponding positive predictive value (Table Il). % NPV (95%IC) 100 (92.1-100) 100 (92.4-100)

In this group the performance of OptiMAwas also a; consecutive patients consulting the Malaria Diagnostic Service
analyzed using PCR as the reference standard. In thiging a period of one month, a total of 80 patients were included.

Group Il

TABLE Il

Sensitivity, specificity and positive (PPV) and negative (NPV) predictive values and efficiency of OptifdAthe diagnosis
of Plasmodium falciparuror P. vivaxinfections in Groups | and 1l combined

Groups | + 11
P. falciparum P. vivax Malaria overall
% sensitivity (95%IC) 90.6 (73.8-97.5) 98.6 (91.3-99.9) 99.1 (94.2-100)
% specificity (95%IC) 96.5 (89.3-99.1) 97.6 (91.0-99.6) 94.1 (86.2-97.8)
% PPV (95%IC) 90.6 (73.8-97.5) 97.2 (89.4-99.5) 95.5 (89.5-98.3)
% NPV (95%IC) 96.5 (89.3-99.1) 98.8 (92.6-99.9) 98.8 (92.4-99.9)

% efficiency (95%IC) 94.9(90.9-98.9) 98.1 (96.0-100 ) 96.9 (94.4-99.3 )
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DISCUSSION tectingP. malariaeandP. ovale(Srinivasan et al. 2000).

In this study the OptiMAE test efficiently diagnosed N ColombiaP. malariaeis becoming an increasingly im-
malaria caused by either vivaxor P. falciparum How- portant species, especially in some regions of the Pacific

ever, the sensitivity and efficiency of the test was lowdp 02t where up to 10% of infections may t?)e caused by
for P. falciparuminfections. This lower efficiency of 1S SPecies (Vergara etal. 2001). Overall 0.1% malaria in-

OptiMAL U for P. falciparumdetection was due to false fections in Colombia are due Pomalariae(Ministerio de
alud 1999).

positive tests in a small number of cases. Studies con Mixed infections account for 1% of malaria cases in
ducted in settings having a high prevalencePof . L 0 .
J g gn p Colombia (Ministerio de Salud 199%). cases of mixed

falciparumhave shown OptiMAE to be highly sensi- ; X ) : 0
tive and specific for infections having parasitemias > 50 falciparuniP. vivaxmalaria, OptiMAL- presents reac-

parasites/ul (Hunt-Cooke at el. 1999). On the other harﬁf,ns with both theP. falciparumand Plasmodiumsp.

disparity in the sensitivity foP. vivax (94%) andP. abs, a pattern which corresponds to diagnosib. of

; ; ; Iciparum infection. Therefore, the actual format of
falciparum (88%) infections has also been reported by~ . - ;
P (88%) P SpthALD favors the diagnosis ofP. falciparumbut

Palmer et al. (1998) in a study conducted in Honduras!

Characteristics of transmission such as intensity, end@2Sks co-infection b. vivaxor other species d#las-
micity of multiple species d?Plasmodiumacquired resis- modiumand hence constitutes a limitation of the current

tance in the exposed population and treatment, can ingg_nfiguration of the test in settings of co-endemicity

vidually and collectively influence the results of this and>"inivasan tlat al. ﬁp(%o)' i h N
other diagnostic tests for malaria. Hence, these variables OUr results, which are similar to those obtained in pre-

need to be considered in the interpretation of diagnosi{ious studies in other endemic and non-endemic regions,

tests and management of the corresponding paﬂems_mdicate that OptiMALZ would be useful and should be

PCR was also used as reference standard to eva“jgfglemented in areas of transmission and circumstances

the OptiMALC yielding a lower sensitivity than that ob- not covered by the traditional microscopic diagnosis of

tained with thick smear. PCR detected more positive cadg@laria. These situations include epidemic outbreaks,
than thick smear or OptiMAE. because it detects the Occupationally exposed groups, and displaced popula-
parasite DNA, which could be present in either dead §PNS moving from or toward endemic areas and therefore
live parasites, whereas OptiMAldetects an enzyme pro- represent a risk of spreading malaria. All of these circum-

duced by live parasites. The fact that pLDH is preseﬁ{ances are common in Colombia and in other developing

only when there are living parasites in the sample is esp2untries. However, some issues of rapid diagnosis of

. . I:l .
ciaily relevant for post-treatment evaluations (Makler fialaria by OptiMAL and other tests are still unresolved.
al. 1998). The applicability of such tests in assessing treatment ef-

Although there were only four false negative cases fifacy: and the cost-effectiveness of the implementation

this study, these presented some characteristics that coiid1€S€ alternative methods have neither been extensively

influence OptiMALY sensitivity including low para- nor definitively investigated. Furthermore, efforts to de-

sitemia, gametocytemia without asexual forms and t&!OP @ more sensitive test that can detect all the four

apparent effects of treatment on parasite metabolism gﬁecies oPlasmodiurmand quantify the parasite burden

cluding pLDH. The presence of low parasitemias, espghould continue.
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