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Diagnosis of malaria using thick bloodsmears:
de� nition and evaluation of a faster protocol with
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M. THELLIER, A. DATRY, O. ALFA CISSÉ, C. SAN, S. BILIGUI, O. SILVIE and
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The value of some inexpensive modi� cations to the standard method of preparing thick bloodsmears, involving
rapid drying, an isotonic � xative and a haemolysing solution containing saponin, was evaluated. The drying,
haemolysing, � xing and staining steps, together called the fast-thick-smear method (FTS), can be completed in
<10 min. The FTS and a more classical thick-smear method (CTS) were both used on each of 1185 samples of
venous blood samples from 1034 cases of suspected malaria (all international travellers returning to France). The
results indicated that there was no statistically signi� cant diVerences between the two methods in terms of their
sensitivity, speci� city or predictive values for parasite detection. However, estimates of the intensities of the
Plasmodium falciparum infections observed, based on counts of trophozoites against 200 leucocytes, were markedly
higher (37.8% higher overall) with the FTS than with the CTS (P<0.0001). Moreover, the concordance between
results obtained by inexperienced and experienced microscopists was excellent when the FTS was used, with a
kappa value of 0.96 (95% con� dence interval=0.93–0.98).

Malaria is no longer rare in temperate, in France, and 1.01% of those in the U.S.A.
were fatal — diagnosis of the infection needsnon-endemic areas. For example, despite
to be rapid and reliable and any clinicalthe known gross under-reporting of malaria,
laboratory should be able to perform thisMuentener et al. (1999) identi� ed 77,683
diagnosis at any time of the day (Danis et al.,cases of imported malaria in Europe and
1999; Muentener et al., 1999). Ideally, a15,010 more in North America, all of
clinician should have the results of the exam-which were reported between 1985 and
ination of a blood sample for malarial para-1995. Plasmodium falciparum was the most
sites within 2 h of the sample’s collectionfrequently identi� ed cause, accounting for
(Anon., 1999). The World Health Organ-82.2%, 56.2% and 38.5% of the known
ization’s ‘gold standard’, and the acceptedcases in France, the U.K. and the U.S.A.,
laboratory procedure for the diagnosis ofrespectively (Muentener et al., 1999). Given
malaria, is the preparation and examinationthe potential severity of the clinical patho-
under the light microscope of blood (collectedlogy induced by this species — 1.62% of
from a � nger-prick or by venipuncture)the known imported cases of P. falciparum
that has been prepared as thin and thickmalaria in Europe as a whole, 0.49% of those
smears and stained with Giemsa’s or Field’s
stain (Payne, 1988; Warhurst and Williams,
1996). The classical method of preparing
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150 trophozoites/ml are rarely detected in paration time, of thick bloodmears. Three
main modi� cations of the technique arethin smears and microscopical examination

of such smears can be very time-consuming apparently of potential interest in reaching
this goal. The � rst two — preparing eachwhen parasitaemias are low. The old thick-

smear technique, described by Ronald smear with just 2-ml of blood and drying it
in an incubator at 37°C — became routineRoss almost a century ago (Ross, 1903), is

10–30 times more sensitive, with a detection at the CHUPS several years ago and per-
mitted drying times to be cut to just athreshold of about � ve to 15 trophozoites/ml

(Trape, 1985; Moody and Chiodini, 2000). few minutes. The detection threshold of
this technique, hereafter called the classicalThe main advantage of the thick smear in

malarial diagnosis is that it allows a greater thick-smear method (CTS), was determined
to be just � ve trophozoites/ml blood (Gayvolume of blood to be visualized, per unit

area of smear per unit time, than the thin et al., 1994). More recently, a third modi-
� cation was introduced: the use of saponinsmear. Theoretically, it would require, on

average, 30 times longer to � nd a parasite to lyse the erythrocytes in the thick smear.
This modi� cation not only leads to a veryin a thin smear than in a thick smear of

blood from the same patient. As many short preparation time but also improves the
appearance of the parasites and decreasescases of imported malaria present with

low parasitaemia (10%–20% having <100 the level of background interference. The
addition of saponin lysis to the CTS hasparasites/ml), even microscopists in clinical

laboratories in non-endemic areas should be produced a method known as the fast-thick-
smear method (FTS). The main aim of theable to prepare and interpret both types of

smear (Anon., 1996; Van den Ende, 1998; present study was to evaluate the FTS, in
comparison with the CTS.Mills et al., 1999). However, there are two

main problems with thick smears. Firstly,
the detection threshold is highly dependent
on the observer’s experience, because of the MATERIALS AND METHODS
distorted appearance of the parasites and
the background interference left when the The CTS and Development of the FTS

The FTS was based on the CTS, a methoderythrocytes are lysed in water; this is a
particular problem in areas where malaria is that has been used at the CHUPS, unchanged,

for the last 7 years. In the CTS, 2 ml ofrare. Secondly, the preparation of traditional
thick smears is time-consuming (often up to well homogenized, venous, whole blood are

transferred onto a clean microscope slide12 h) because of the time taken in drying
and haemolysing the sample. Despite these and spread out to give a thick, circular smear

measuring 5–7 mm in diameter. The slide istwo problems, the ‘Ross’ thick-smear tech-
nique has undergone very little improvement placed in an incubator at 37°C until the

smear is dry (for 10–15 min), then coveredin the past 100 years. Although many vari-
ations in the drying, haemolysing, staining with water for 7–15 min (to allow complete

haemolysis), rinsed in water, immediatelyor examination steps have been proposed,
no modi� cation of the old protocol has been stained, for <30 s, using a commercial kit

based on eosin and methylene blue (RALwidely adopted. The fact that study centres
now often use slightly diVerent modi� cations 555; Réactifs RAL, Paris, France), and � nally

dried, using an electric fan, for 5–10 min.of the old technique may make a valid com-
parison of their results diYcult. The total time needed to prepare a CTS

smear for microscopical examination isFor several years, staV at the Centre
Hospitalier–Universitaire Pitié -Salpêtrière <40 min.

In the development of the FTS from the(CHUPS) in Paris have been trying to
improve the appearance, and reduce the pre- CTS, the optimal conditions for drying
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the smear at 37°C and lysing and staining the and had then been referred to CHUPS
in January–February 1999, June 1999 orsmear were ascertained. The eVect of lysis

using water was compared with that of lysis September 1999–February 2000. A 5-ml
sample of venous blood was collected fromusing the saponin solution recently described

by Petithory et al. (1997). The optimal com- each patient, into a tube with EDTA, and
immediately transported to the Parasitology–position of the lysis solution was determined

by varying the concentration of each com- Mycology unit for analysis.
ponent: saponin (Sigma–Aldrich) was used,
at a concentration of 1, 2, 3, 4 or 5 g/litre,
in physiological saline ( pH 6.8) containing methodology

Optimization of the FTS led to a technique1.5%, 3% or 6% of a commercial � xative
(pH 4.0) consisting of 35% formaldehyde that, with the CTS and the routine pre-

paration of thin smears [which were � xed instabilized with 10% methanol (Soyons Chimie
Biotechnologie, Soyons, France). The use of methanol and stained with the fast-acting

Giemsa solution (diluted 1:16 in tap water;Triton X-100, Tween 20 or Thimerosal (all
Sigma–Aldrich) instead of the saponin was pH 7.35) for 2 min], was applied to each

sample (see Results).also investigated, each at the concentrations
proposed by Petithory et al. (1997) for the The 21 microscopists who took part in

the study were categorized as expert (threesaponin. For each lysis solution tested,
the time necessary to obtain complete red- individuals with >10 years’ experience of

malaria diagnosis), experienced (four indi-cell lysis was measured. Two Giemsa-based
staining procedures — staining with the viduals with >2 but <8 years’ experience)

or inexperienced [(14 individuals either withcommercial kit used in the CTS or a fast-
acting Giemsa solution (Réactifs RAL) — no experience (11) or 6 months’ experience

(three)]. Before checking any samples, thewere also compared, with or without a pre-
liminary � xative step using diVerent concen- inexperienced microscopists received 6 h of

training in the FTS technique.trations (10%, 20%, 30%, 40%, 50%, 75%
and 100%) of methanol in water. Each blood sample was examined on-site

within 1 h of its collection. For both theOnce the optimum lysing solution had
been determined, the cost of 5 ml of it (i.e. FTS and CTS, thick smears were examined

under Laborlux binocular microscopes (Leitz,the additional cost/smear of replacing the
CTS with the FTS) was estimated. Wetzlar, Germany) with built-in illumination

and at a total magni� cation of ×1000
(×10 wide-� eld eyepieces and a ×100 oil-

Prospective Study immersion lens). A thick smear was only
considered negative after the entire surfacestudy site
of the smear had been checked and no para-The study was conducted in the Parasitology–
sites had been found. Thin smears, alsoMycology unit of CHUPS, where >1500
checked at a total magni� cation of ×1000,blood samples are checked for malarial para-
were only deemed negative if no parasitessites each year (between June 1999 and June
had been seen after 20 min of checking2000, for example, 1888 blood samples were
(equivalent to about 700 � elds). The studyinvestigated and 20% were found positive
was blinded: all the CTS and thin smearsfor Plasmodium).
were read by one experienced microscopist,
all the FTS slides were read independently
by another experienced microscopist, andsubjects and samples

The 1034 subjects were international travellers most (632) of the FTS smears were re-read,
again independently, by an inexperiencedwho had developed malaria-like symptoms

shortly after visiting malaria-endemic areas microscopist. The results were collected
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each day. Whenever the results from the two The time taken to deliver a result to the
examiners checking the same FTS smear or attending clinician, measured from the time
the results for the CTS and FTS smears the blood sample was drawn, was measured
of the same sample were discordant, the for the CTS and FTS smears produced from
relevant smears were each re-examined by two 100 consecutive blood samples and checked
experts, using a blinded protocol. If a thick by experienced microscopists.
smear initially reported as negative was then
deemed positive, the presence of parasites
on it was con� rmed by a third expert. The data analysis
� nal results, known as the results corrected The sensitivity, speci� city, positive predictive
by experts (RCE), were used as the gold value (PPV) and negative predictive value
standard. (NPV) of the thin-smear, CTS and FTS

The level of parasitaemia in any case who methods, in the detection of infection with
was found positive for P. falciparum but Plasmodium sp., were estimated for all the
not with an intense infection was estimated subjects, using the RCE results as the gold
using the FTS smear (once by an experi- standard. The kappa statistic (k; Fleiss, 1981)
enced microscopist and sometimes again, was used to measure the levels of agreement
independently, by an inexperienced micro- between the experienced and inexperienced
scopist) and once with the CTS (by the microscopists who examined the same FTS
experienced microscopist who had checked smears and those between the RCE results
the corresponding FTS smear). An infection and those collected, by experienced micro-
was considered ‘intense’ if at least one para- scopists, using thin, CTS or FTS smears.
site was detected, at a total magni� cation of The paired estimates of parasitaemia
×1000, in four random � elds on the corres- were compared using the Wilcoxon matched-
ponding thin bloodsmear; this roughly pairs test, and diVerences giving P-values of
corresponds to a parasitaemia of " 0.1%, <0.05 were considered statistically signi� cant.
or " 4000 parasites/ml. In general, levels of All the data analyses were performed using
parasitaemia were estimated from the thick version 5.0 of the Stat-View software pack-
smears by counting the malarial parasites

age (SAS Institute Inc., Cary, NC).
against 200 leucocytes and multiplying each
count to give the number of parasites/ml
blood (assuming each patient had 8000

RESULTSleucocytes/ml blood; Warhurst and Williams,
1996). When the count against 200 leuco-

Determination of the Optimalcytes was zero (i.e. the parasitaemia was
Conditions for the FTS<40/ml), all the parasites in the 2-ml smear
The optimal time to dry the 2-ml thickwere counted and the count simply halved
smear in the 37°C incubator was found toto give the number of parasites/ml.
be 2–3 min. The best results for lysis wereThe quality of the CTS smear and the
obtained with 0.4%–0.5% (w/v) saponincorresponding FTS smear, of each of 30
solution. Although the addition of formalde-consecutive malaria-positive samples, was
hyde/methanol to the lysis solution did notevaluated independently by two experienced
change the quality of the preparation, inmicroscopists (one, chosen at random for
terms of the completeness of lysis, the stateeach sample, checking the FTS smear and
of preservation of parasites or the amount ofthe other the CTS). The examiners were
background interference, it did improve theasked to score the adherence of the smear,
adherence of the smear to the slide and alsothe completeness of lysis, the preservation
prevented bacterial contamination of theof the parasites and the level of background
solution when it was stored for more thaninterference as 1 (bad), 2 (acceptable) or 3

(good). a few days; at 1.5% or 3% the formalin/
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methanol gave the same results, which were sensitivities, speci� cities, predictive values
and k-values for the thin, CTS and FTSbetter than those seen with 6%. Although

use of the RAL 555 kit and fast-acting Giemsa smears are summarized in Table 1.
The use of CTS and FTS to estimatesolution produced equally well stained smears,

the RAL 555 kit was considered more useful the numbers of P. falciparum trophozoites/ml
blood was compared using 103 blood samplesas it could be used to stain smears more

rapidly (<30 s v. >120 s). (Table 2). In addition, the use of both thick-
smear methods to estimate the densitiesThese results led to the development of

the optimal lysis solution and the � nalized of P. falciparum gametocytes was compared
using another 24 samples (Table 2). TheFTS method used in the prospective study.

The lysis solution ( pH 6.2) was prepared estimated mean trophozoite density was
37.8% higher when based on FTS smearsby mixing 400 ml of physiological saline

(pH 6.8) with 5 g saponin and 15 ml 35% checked by experienced microscopists than
when it was based on CTS smears checkedformaldehyde/10% methanol ( pH 4.0) and

then making the volume up to 1000 ml with by microscopists with similar experience
of malaria diagnosis (P<0.0001). Althoughmore saline; this solution was stored at 4°C

until needed. The procedure for the FTS the corresponding diVerence in the estimates
of gametocyte density was less (10.5% higherwas broken down into four simple steps:

smear preparation (as for the CTS); drying for FTS), this was still statistically signi� cant
(P=0.0022). However, trophozoite densities(2–3 min at 37°C incubator); haemolysis

(immersion in the optimal lysis solution for estimated on 64 FTS smears by experienced
microscopists were almost identical to those2–4 min, followed by a rinse in water); and

staining using the RAL 555 kit (three, 1-s estimated by inexperienced microscopists
using the same smears (P=0.2227).dips in the eosin, a rinse in water, four, 1-s

dips in the methylene blue, then a rinse in The mean overall scores for the quality of
preparation were 8.70 for each CTS smearwater before the smear was dried using an

electric fan). and 11.17 for each of the FTS. The mean
values for each of the four criteria of qualityThe cost of the optimal lysing solution

was U.S.$0.125/test (i.e. U.S.$2.5/litre). (CTS v. FTS) were 2.07 v. 2.73 for good
adherence, 2.73 v. 2.83 for completeness of
lysis, 2.00 v. 2.80 for state of preservation
of the parasites, and 1.90 v. 2.80 for theProspective Study

Overall, 1185 whole-blood samples were amount of background interference.
The median times (and ranges) necessarycollected from the 1034 subjects. The RCE

indicated that 269 (22.7%) of the 1185 to perform the techniques and for the results
to reach the attending clinician were 55samples were positive for Plasmodium sp.,

the infections being identi� ed, by morpho- (35–180) min for the CTS and 45 (20–180)
min for the FTS, with corresponding arith-logy, as purely P. falciparum (84.0% of the

positive samples), P. ovale (8.2%), P. malariae metic means of 66 and 54 min, respectively.
According to the RCE, 160 (25.3%) of(3.0%) or P. vivax (2.6%), a mixture of

P. falciparum and P. ovale (1.1%), or of a the 632 samples that were each checked
twice as FTS smears (once by an experi-Plasmodium sp. that could not be identi� ed

(1.1%). Seventy-three (27.1%), three (1.1%) enced microscopist and once by an inexperi-
enced) were positive for malarial parasites:and one (0.4%) of the 269 RCE-positive

samples had been considered negative by the 133 (83.1% of the positives), 14 (8.7%),
� ve (3.1%) and four (2.5%) with pureexperienced microscopists who examined

thin, CTS and FTS smears of the samples, P. falciparum, P. ovale, P. malariae and
P. vivax infections, respectively, two (1.3%)respectively. All of these false-negatives results

were associated with low parasitaemias. The with mixed P. falciparum/P. ovale infections
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TABLE 2. Estimates of the level of asexual-stage (trophozoite) and sexual-stage (gametocyte) Plasmodium falciparum
parasitaemia, based on ‘classical’ thick smears read by experienced microscopists (CTS) and ‘fast’ thick smears read by
experienced microscopists (FTSexp) or inexperienced microscopists (FTSinexp)

Arithmetic mean of estimated parasitaemias (parasites/ml ) DiVerence in
estimates

Parasite stage N FTSexp FTSinexp CTS (%) P

Trophozoites 103 1155 – 730 37.8 <0.0001
Trophozoites 64 1114 1139 – 2.2 0.2227
Gametocytes 24 180 – 161 10.5 0.0022

and two (1.3%) with a Plasmodium sp. that paration than the CTS while remaining
could not be identi� ed. The results obtained simple and rapid. Although each of the main
by the experienced microscopists using FTS steps of the FTS — the use of saponin as
agreed perfectly with the gold standard, with lysing agent, the rapid drying of the smear
no false-negative or false-positive results and the use of a known volume of blood to
apparent. The results for the inexperienced produce the smear — has been investigated
microscopists, who only scored one (0.6%) in the past, an integrated analysis of these
of the 160 RCE-positive samples as negative parameters has not been performed before.
and nine (1.9%) of the 472 RCE-negative Although recommended by Bruce-Chwatt
samples as positive, were almost as good. (1984), the small sample of blood used to
The one false-negative result was associated produce each FTS smear, 2 ml, may seem
with low parasitaemia (two trophozoites/ml). small compared with the 5–20 ml normally
The inexperienced microscopists made a few recommended for thick smears. However,
mistakes in identifying the Plasmodium sp. part of the FTS protocol is to examine the
involved in the infections they detected. entire 2-ml smear before deeming it negative,
Two (1.5%) of the 135 cases infected with whereas, in the standard method of examining
P. falciparum (either alone or with P. ovale) a thick smear, it is usual to examine no more
were not correctly identi� ed — one case, than 100–200 microscope � elds (at ×1000),
with mixed P. falciparum/P. ovale infection, which correspond to only 0.25–0.5 ml of
was reported as a pure P. ovale infection, blood (Dowling and Shute, 1966; Trape,
and a P. falciparum infection with old 1985; Chiodini, 1998). The parasite detection
trophozoites containing pigment (>150/ml ) threshold for the CTS, which is also based
was mis-identi� ed as P. malariae — and the on a 2-ml smear, is about � ve parasites/ml
Plasmodium sp. involved in each of three

(Gay et al., 1994) and apparently represents
(17%) of the 18 samples from patients with

the highest level of sensitivity ever reported
pure P. ovale or P. vivax infections was also

for the microscopical examination of thick
mis-identi� ed.

bloodsmears (Bruce-Chwatt, 1984).
Use of an incubator at 37°C cuts the time

DISCUSSION needed to dry an FTS smear to just 2–3 min.
Although shorter drying times (1–2 min)
can be achieved using a microwave ovenIt would be useful to improve the low-cost,
(Chevallier et al., 1992), this appears to havebasic and reliable techniques that are avail-
a detrimental eVect on the smear’s readability,able for malaria diagnosis. High-technology
leading to relatively low estimates of the levelapproaches are often too expensive for use
of parasitaemia (Le GoV et al., 1998).in many situations, especially in developing

Inclusion of saponin in the lysis solutioncountries. For a small additional cost, the
optimized FTS described gives a better pre- is supported by its long use, in fundamental
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research, to liberate intra-erythrocytic malarial is a complication that limits the appeal of
either technique as a method for the routineparasites from their host cells (Christophers
diagnosis of malaria.and Fulton, 1939; Kreier, 1977). Saponin

The present results failed to demonstratemakes cells permeable by forming complexes
that the sensitivity of the FTS (in terms ofwith membrane cholesterol (Bangham and
the detection of infection) was signi� cantlyHorne, 1962). It is more than six decades
better than that of the CTS. However,since Christophers and Fulton (1939) reported
there are several indications that FTS is athat malarial parasites appeared similar
useful improvement on the CTS. FTS, forwhether erythrocytic lysis had been achieved
example, revealed three cases that were mis-using water or saponin, and that parasites
diagnosed using the CTS, and experiencedfrom saponized fresh blood where infective
microscopists were more likely to give con-to mice. Surprisingly, the potential use of
cordant results when they used FTS thansaponin in malaria diagnosis was not evaluated
when they used CTS. Inexperienced micro-until the 1970s and even then the sample —
scopists using the FTS produced results� ve patients infected with P. vivax —
(for both the prevalence of infection and thewas very small (Ulmas and Fallon, 1971).
level of parasitaemia) that were very closeAfter another 26 years, Gleeson (1997) and
to those of experienced examiners checkingPetithory et al. (1997) outlined the use-
smears produced with the same technique.fulness of cytoconcentration in the detection
Moreover, the estimates of the level ofof blood parasites and described suitable
P. falciparum parasitaemia based on exam-techniques in which haemolysis with saponin
ination of FTS smears were signi� cantlywas followed by centrifugation. Gleeson
higher than those produced using CTS(1997) centrifuged samples in a standard
smears, particularly when the counts were

laboratory centrifuge, limited the evaluation
of trophozoites (Table 2). The gametocytes

to eight cases of malaria, and failed to report
(measuring approximately 5–12 mm) are

the stages or species of Plasmodium involved.
much larger than the early trophozoites

Petithory et al. (1997), using a cytocentri- (1–2 mm in diameter) and consequently
fuge and evaluating their technique on 57 more easy to pick out and to identify on a
malaria-positive samples (46 of which were microscopic � eld, even when distorted by
positive for P. falciparum), achieved >100% water haemolysis. It is probably the young
sensitivity (by detecting P. falciparum in trophozoites that are easier to see on FTS
three samples considered negative by the smears than on CTS smears; the three cases
gold standard) and correctly identi� ed the misdiagnosedusing CTS all had parasitaemias
Plasmodium sp. involved in each case. How- composed solely of young trophozoites
ever, they did not conduct a prospective whereas the only case misdiagnosed using
evaluation and reported a major problem FTS had a low parasitaemia (one parasite/ml)
with their technique: infections in which composed solely of gametocytes.
only young trophozoites of P. falciparum The results for the inexperienced micro-
were present in the peripheral blood could scopists show some interesting features.
be missed because such small trophozoites Their only false-negative result was associ-
did not centrifuge down very well. Since ated with a very low parasitaemia (two tropho-
these two cytocentration-based techniques zoites/ml). All of their nine false-positive
were described, only the Gleeson method results were recorded in the � rst month of
appears to have been used in an epidemio- the study and were caused by artefacts or
logical study ( John et al., 1998). It seems Howell–Jolly bodies (data not shown). When
likely that the use of a centrifugation step, considering the excellent results achieved
particularly one using a cytocentifuge (a rare by the ‘inexperienced’ examiners, two facts

need to be remembered: (1) not all of thesecommodity in most malaria-endemic areas),
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Anon. (1999). Dealing with and preventing importedexaminers were totally without experience
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recommendations. Médecine et Maladies Infectieuses,parasitology unit and had checked 25–132
29 (Suppl. 2), 109–114.

bloodsmears for malaria before the present Bangham, A. D. & Horne, R. W. (1962). Action of
study); and (2) the smears they checked were saponin on biological cell membranes. Nature, 196,

952–953.not examined in the stressful context of
Bruce-Chwatt, L. J. (1984). DNA probes for malariaemergency care, where more mistakes,

diagnosis. Lancet, i, 795.particularly false-positive results, occur. In
Chevallier, B., Cavallo, J. D., Baudet, J. M.,

general, the inexperienced microscopists Samson, T., Gros, P., Crenn, Y. & Meyran, M.
were not able to discriminate reliably between (1992). Diagnostic rapide du paludisme. Le four à

micro-ondes. Bulletin de la Société de Pathologiethe four Plasmodium spp. infecting humans,
Exotique, 85, 223–225.even when they used FTS smears. The

Chiodini, P. L. (1998). Non-microscopic methods forsensitivity for P. falciparum, for example,
diagnosis of malaria. Lancet, 351, 80–81.

was <98% (133/135); two individuals were
Christophers, S. R. & Fulton, J. D. (1939). Experiments

incorrectly recorded as not being infected with isolated malaria parasites (Plasmodium knowlesi )
with P. falciparum, even though one of them free from red cells. Annals of Tropical Medicine and

Parasitology, 33, 161–170.had >150 old trophozoites of P. falciparum/ml.
Danis, M., Legros, F. Gay, F., Brousse, G., Bricaire, F.This could be problematic in terms of

& Gentilini, M. (1999). Paludisme d’importationpatients leaving the emergency unit with
en France. Médecine et Maladies Infectieuses, 29

unsuitable chemotherapy. (Suppl. 3), 257–273.
In general, the present results should Dowling, M. A. C. & Shute, G. T. (1966). A com-

parative study of thick and thin blood � lms in theencourage the use of the FTS method,
diagnosis of scanty malaria parasitemia. Bulletin of thealthough several questions need to be
World Health Organization, 34, 249–267.answered before the widespread and routine

Fleiss, J. L. (1981). Statistical Methods for Rates and
use of this new technique is recommended.

Proportions, 2nd Edn. New York: John Wiley & Sons.
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