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The rise of imported malaria cases and the high fatality rate in Europe make the search for new and easy
diagnostic methods necessary. Rapid diagnosis tests (RDTs) are, in part, developed to cover the lack of
diagnosis experience. Unfortunately, our data suggest that the accuracy of RDTs is insufficient and could
increase the number of incorrect malaria diagnoses.

In recent years, countries in which malaria is not endemic
have reported high and increasing numbers of imported ma-
laria cases, with fatalities up from 3.8 to 20% (2). Preventing
fatal outcomes in malaria cases requires early recognition of
infection, accurate laboratory diagnosis, and prompt therapy
(2). Unfortunately, health-care personnel in countries where
malaria is not endemic frequently lack experience in the mi-
croscopic diagnosis of malaria. In Italy, 80% of cases had less
than a 1-week elapse between the onset of malaria symptoms
and the microscopic diagnosis, but the average diagnosis took
8.5 days and the range was 1 to 28 days (3). This fact makes the
search for new and easy diagnostic methods necessary. Rapid
diagnosis tests (RDTs) for malaria might offer a valid alterna-
tive to microscopy (5).

We studied 206 pre- and posttreatment samples from 169
patients in 1998 and 1999 by microscopic diagnosis and semi-
nested multiplex PCR (4). These samples were also tested
using three commercial RDT kits; 189 samples from 149 pa-
tients were tested with the ParaSight-F Kit (Becton Dickin-
son), 197 samples from 126 patients were tested with the
OptiMal Kit (Flow Incorporated), and 54 samples from 41

patients were tested with the ICT Pf/Pv kit (Amrad). All pa-
tients (with ages of 16 months to 72 years) presented a history
of fever and travel in the previous year to an area of malaria
endemicity.

RDTs were performed according to the manufacturers’ in-
structions. All microscopy-positive samples were confirmed by
PCR (4). Furthermore, PCR detected 6 samples with mixed
infections (4 Plasmodium falciparum plus P. malariae and 2 P.
falciparum plus P. ovale) from samples that were characterized
as P. falciparum-only by microscopy and 24 more positive sam-
ples (12 P. falciparum, 4 P. ovale, 6 P. malariae, and 2 P. vivax).
The three RDT methods showed a high rate of false positives
and false negatives (Table 1). Moreover, 29.2% of positive
non-
P. falciparum samples rendered a positive P. falciparum result
when the ParaSight-F test was used, which suggests a high
number of cross-reactions, as this test according to the manu-
facturer detects only P. falciparum infections. In the same way,
according to the manufacturers, the OptiMal and ICT Pf/Pv
kits are able to detect P. falciparum specifically and the other
Plasmodium spp. unspecifically. Our data, however, show that

TABLE 1. False positives and false negatives of three RDTs compared to microscopy analysis
confirmed by PCR for the detection of Plasmodium spp.

Method

No. of isolates with indicated result/total (%)
Avg time (days) of

RDT-positive samplese
False positivea Positive after

treatment
Positive, no

P. falciparumb False negativec Negative, no
P. falciparumd

ParaSight-F 21/74 (28.4) 7/14 (50) 7/24 (29.2) 27/101 (26.7) .10
OptiMal 15/62 (24.2) 4/9 (44.4) 28/126 (22.2) 15/24 (62.5) .17
ICT Pf/Pv 1/14 (7.1) 6/54 (11.11) 5/6 (83.3)

a Positive by RDT when microscopy and PCR were negative (only for samples before any treatment).
b RDT was positive for Plasmodium spp. other than P. falciparum. For the ParaSight-F test, these values could be considered false positives.
c Negative by RDT when microscopy and PCR were positive (only for samples before any treatment).
d RDT was negative for Plasmodium spp. other than P. falciparum infection characterized by microscopy and PCR. For the OptiMal and ICT Pf/Pv tests, these values

could be considered false negatives.
e Average time in which a sample is still positive by RDT (negative by microscopy and PCR) after treatment.
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these two diagnostic methods missed, respectively, 62.5 and
83.3% of Plasmodium infections other than P. falciparum (Ta-
ble 1). Also, a lack of sensitivity was detected at low levels of
parasitemia (under 100 parasites/ml of blood). The comparison
of the sensitivity and specificity of the RDTs versus microscopy
or PCR (Table 2) indicated that the detection rate was low
except for P. falciparum. After antimalaria treatment, approx-
imately 55% of treated patients remained positive (.10 days
on average for ParaSight-F and .17 days for OptiMal), while
microscopy and PCR tests were negative.

The data presented here indicate that the accuracy of the
three examined RDTs was insufficient and could lead to the
incorrect diagnosis of malaria. The increasing use of RDTs in
Spanish hospitals and the comparative results of sensitivity and
specificity of RDTs versus PCR diagnosis indicate an essential
need to enhance the role of reference laboratories with PCR-
based diagnostic capabilities. Our data suggest that RDTs
could help the initial assessment of malaria in returned trav-
ellers (1) and migrants, but this and other reported studies
indicate the need to develop more specialized laboratories with
available confirmatory diagnostic techniques (PCR). The main
difficulty still encountered by the use of RDTs is the correct
identification of Plasmodium species. False-positive results de-
rived from patients with immunological disorders and/or rheu-
matoid factor have been partially corrected by the latest ver-
sions of kits targeting the HR-II protein of P. falciparum.

However, the occurrence of false positives due to antigen per-
sistence is still a serious constraint to the assessment of treat-
ment failure (Table 1). Low sensitivity is apparent for patients
with low parasite numbers and is commonly encountered for
patients with low immunity or nonimmune patients treated
with antimalarial chemoprophylaxis. The RDTs were, in part,
developed to cover the lack of experience in microscopic ma-
laria diagnosis, but unfortunately our data suggest that in the
current stage these methods could increase the number of
incorrect diagnoses. RDTs could play and will play in the
future an important role in malaria diagnosis. However, for the
present they should be used with great caution and should not
replace conventional microscopy or PCR.

REFERENCES

1. Cropley, I. M., D. N. J. Lockwood, D. Mack, and R. N. Davidson. 2000. Rapid
diagnosis of falciparum malaria by using the ParaSight F test in travellers
returning to the United Kingdom: prospective study. Br. Med. J. 321:19–26.

2. Kain, K. C., M. A. Harrington, S. Tennyson, and J. S. Keystone. 1998.
Imported malaria: prospective analysis of problems in diagnosis and manage-
ment. Clin. Infect. Dis. 27:142–149.

3. Romi, R., D. Boccolini, and G. Majori. 1999. Malaria surveillance in Italy:
1997 analysis and 1998 provisional data. Eurosurveillance 4:85–87.

4. Rubio, J. M., A. Benito, P. J. Berzosa, J. Roche, M. Puente, M. Subirats, R.
Lopez-Velez, M. L. Garcia, and J. Alvar. 1999. Usefulness of seminested
multiplex PCR in surveillance of imported malaria in Spain. J. Clin. Micro-
biol. 37:3260–3264.

5. World Health Organization. 1999. New perspectives: malaria diagnosis. Re-
port of a joint WHO/USAID informal consultation, 25-7 October. World
Health Organization, Geneva, Switzerland.

TABLE 2. Study of the sensitivity and specificity of RDTS compared to those of thin-thick blood smears and PCR

RDT
Sensitivity (%) Specificity (%) PPVa PPNa Kappa coefficient No. positiveb/total

Microscopy PCR Microscopy PCR Microscopy PCR Microscopy PCR Microscopy PCR Microscopy PCR

ParaSight-Fc 76.81 67.86 76.66 77.14 65.43 70.37 85.18 75.00 51.57 45.16 53/189 57/189
92.00 84.48 80.20 81.72 69.70 74.24 95.29 89.41 66.80 64.53 46/151 49/151

OptiMal 66.12 62.67 81.48 84.43 62.12 71.21 83.97 78.63 47.79 48.21 41/197 47/197
87.80 77.55 87.70 86.84 70.58 71.70 95.53 90.00 69.85 62.93 36/163 38/163

ICT Pf/Pv 81.25 68.42 97.36 97.14 92.85 92.85 92.50 85.00 81.56 69.76 13/54 13/54
100 91.66 96.66 96.55 91.66 91.66 100 96.55 93.96 88.21 11/41 11/41

a PPV, positive predictive value; PPN, negative predictive value.
b Number of positive samples by both methods under evaluation.
c For each test, the first row of data shows a comparison including all pre- and posttreatment samples and positives for any Plasmodium sp. The second row shows

a comparison without posttreatment samples and samples positive for Plasmodium spp. other than P. falciparum.
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