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Summary The performance and the reliability of a SYBR Green I fluorescence-based assay to
assess drug susceptibility in routine monitoring were evaluated in 138 Plasmodium falciparum
clinical samples. Blood samples were studied for susceptibility to four antimalarial drugs by
the SYBR Green I based assay, with the traditional [3H]-hypoxanthine isotopic assay as a ref-
erence. The two methods were observed to have similar geometric means of IC50s and IC90s,
and high correlation (r = 0.93 for IC50s and r = 0.94 for IC90s) for the drugs tested. The strength
of agreement estimated by using concordance coefficient correlation was from almost per-
fect to substantial for IC50s. Our data demonstrate (i) the reliability of a simple, rapid and
easy to use fluorescence-based assay for the routine monitoring of susceptibility of P. falci-
parum clinical isolates, and (ii) the possible switch from the traditional in vitro drug sensitivity
assay to the SYBR Green I method, because previous data acquired by the isotopic assay were

comparable with those obtained by the SYBR Green I method. We conclude that this assay
will provide an easier method for testing drug susceptibility of malaria parasites, especially in
malaria-endemic countries, where there is massive implementation of new artemisinin-based
combination therapies.
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alaria remains one of the leading causes of childhood
orbidity and mortality worldwide, especially in Africa

Breman et al., 2004; Hay et al., 2004; Snow et al.,
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2005; Trape, 2001). For several decades efforts to control
malaria have been severely compromised by the emergence
of Plasmodium falciparum resistance to inexpensive and
widely used drugs, such as chloroquine and sulfadoxine-
pyrimethamine (Bjorkman and Bhattarai, 2005). As long as
chemotherapy remains a key factor in the fight against
malaria, constant monitoring of parasite susceptibility to
antimalarial drugs is of the utmost importance for the
development of therapeutic guidelines and policies. For
this purpose, various approaches have been developed. The
most traditional approach is the assessment of therapeu-
tic responses (in vivo test). This ‘gold standard’ method
has enabled determination of the thresholds of treatment
failure that are crucial for adjusting antimalarial drug poli-
cies (WHO, 2003). However, the risk of loss of patients
during long follow-up periods and the logistical demands
of clinical response studies in endemic areas have led to
the development of laboratory strategies for identifying
antimalarial drug resistance. Laboratory strategies include
in vitro drug sensitivity tests and evaluation of molecu-
lar markers associated with drug resistance (Bickii et al.,
1998; Warhurst, 2001). Several in vitro drug sensitivity
assays, based on culturing P. falciparum isolates in the
presence of a range of antimalarial drug concentrations
are available (Noedl et al., 2003), and include the WHO
microtest (WHO, 1990), the isotopic assay (Desjardins et
al., 1979; Elabbadi et al., 1992) and colorimetric meth-
ods, based on the measurement of the levels of parasite
lactate dehydrogenase (pLDH) (Druilhe et al., 2001; Makler
et al., 1993; Piper et al., 1999) or histidine-rich protein II
(Noedl et al., 2002). Each of these commonly used assays
has unique advantages as well as a number of known draw-
backs. Recently, a microfluorimetric method using SYBR
Green I for assessing susceptibility of parasites to antiplas-
modial compounds was reported (Bennett et al., 2004;
Smilkstein et al., 2004). This fluorescence-based method
has, in particular, the advantages of being a simple, one-step
procedure.

In order to assess the performance and the reli-
ability of this method for the routine monitoring of
susceptibility of P. falciparum isolates to antimalarial
drugs, we designed a study to report the results of
in vitro drug sensitivity assays by using 50% and 90%
inhibitory concentration (IC50 and IC90) values of clini-
cal isolates collected from malaria symptomatic patients
in Madagascar. Each clinical isolate was tested for its
susceptibility to chloroquine, monodesethylamodiaquine,
quinine and dihydroartemisinin by using the traditional [3H]-
hypoxanthine accumulation method and the SYBR Green I
based assay.

2. Materials and methods

2.1. Parasites

2.1.1. Reference culture-adapted strains

Two cloned strains of P. falciparum obtained from the
Malaria Research Reference Reagent Resource Centre
(MR4/ATCC, Manassas, VA, USA) were used as controls:
one chloroquine-resistant strain (FCM29 Cameroon) and one
chloroquine-susceptible strain (3D7 Africa).
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.1.2. Clinical samples
s part of the surveillance of antimalarial drug resistance

n Madagascar, clinical isolates were collected during 2006
rom symptomatic patients prior to treatment in six health
entres throughout Madagascar. The health centres were
ocated in areas exhibiting three of the four epidemiological
atterns of malaria transmission: Ihosy in South Madagas-
ar (sub-desert stratum, epidemic prone), Maevatanana and
iandrivazo in West Madagascar (tropical stratum, sea-

onal and endemic area) and Tsiroanomandidy, Saharevo
nd Moramanga in the foothills of the Central Highlands of
adagascar (highlands stratum, low-endemic area). Venous
lood samples (10 ml) were collected in tubes coated with
DTA (Vacutainer tubes, Becton Dickinson, Rutherford, NJ,
SA), from malaria-positive patients (>2 years old). Par-
nts or guardians gave their consent for participation in
he study. Malaria positivity was evaluated by using a rapid
iagnostic test based on the detection of Plasmodium-
pecific lactate dehydrogenase (pLDH) (OptiMAL-IT, DiaMed
G, Cressier sur Morat, Switzerland). Positive patients were
reated with artesunate-amodiaquine combination, accord-
ng to the National Malaria Control Programme (NMCP), and
amples were sent to the Malaria Research Unit of the Insti-
ut Pasteur of Madagascar at Antananarivo in a controlled
ool box at 4 ◦C. Blood smears were stained with 10 % Giemsa
or 10 min and were examined to check for mono-infection
ith P. falciparum. Parasite densities were determined from

hick blood smears by counting the number of asexual par-
sites per 200 white blood cells (WBCs) (or per 500, if the
ount was less than 10 parasites/200 WBCs), assuming a WBC
ount of 8000/�l. In vitro assays were performed on blood
amples with the following criteria: parasite density ≥0.1%,
ransportation within 48 h after blood extraction, and no
eclared antimalarial drug intake during the last 7 days.
ach isolate was tested for its susceptibility to one to four
rugs, depending on the whole-blood volume available; pri-
rity was given to the isotopic assay. For each sample, the
sotopic assay and the SYBR Green I based assay were run on
he same parasite suspension.

.2. In vitro assay

he following four antimalarial drugs in the appropriate
olvent were distributed on 96-well tissue culture plates
4 × 24 wells) and dried: chloroquine diphosphate (Sigma
ldrich, Saint-Quentin Fallavier, France), 12.5—1600 nM;
onodesethylamodiaquine (RCC Ltd, Itingen, Switzerland),

.5—320 nM; quinine (Sigma Aldrich), 25—3200 nM and dihy-
roartemisinin (Sigma Aldrich), 0.25—40 nM. Each batch of
lates was controlled by measuring the susceptibilities of
trains FCM29 Cameroon and 3D7 Africa to the correspond-
ng drugs, and was used within 6 weeks. For each drug
ested, three control wells were drug free, and each con-
entration was studied in duplicate or triplicate. The blood
amples were washed three times with a solution of RPMI
640 (Invitrogen, Cergy Pontoise, France) plus 25 mM HEPES
Sigma Aldrich) and 25 mM NaHCO3 (Sigma Aldrich). The

lood samples were then resuspended in the same culture
edium supplemented with 10% (v/v) AB+ human serum

Abcys Biowest, Paris, France), but without hypoxanthine
upplementation. If necessary, a dilution was performed
y adding uninfected erythrocytes to obtain a 0.1—0.5%
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SYBR Green I based assay were similar (P = 0.36). Compar-
isons of the IC50 and IC90 for these isolates obtained by the
two methods are illustrated in Table 1 and Figures 1 and 2.
The mean IC50s and IC90s were not significantly different

Figure 1 Bland and Altman graph of the difference in log
IC50s between the two methods (SYBR Green I and isotopic
assays) for chloroquine, monodesethylamodiaquine, quinine
48

arasite density and a 1.5% haematocrit. The plates were
ncubated for 42 h (isotopic assay) or 72 h (SYBR Green I
ssay) at 37 ◦C in a humidified incubator chamber (Billups-
othenberg, Del Mar, CA, USA) flushed daily for 1—2 min with
gas mixture containing 5% CO2, 5% O2, and 90% N2, then

rozen and kept at −20 ◦C.

.2.1. Isotopic measurement
or the isotopic assay, 1 ml RPMI 1640 with [3H]-
ypoxanthine (40 mCi/litre; Amersham Biosciences, Orsay,
rance) was added to 20 ml of the homogeneous parasite
uspension (0.4 �Ci [3H]-hypoxanthine/well) at the begin-
ing of the in vitro assay. After the plates had been thawed,
he content of each well was harvested onto fibreglass paper
Printed Filtermat, Wallac, Turku, Finland). The fibreglass
aper was dried and mixed with 2 ml of scintillation fluid
NBCS 204, Amersham Biosciences, Orsay, France). The level
f parasite incorporation of radioactivity (in counts per
inute) was measured with a liquid scintillation counter

450 Microbeta TRILUX (Wallac). Tests were considered to be
nterpretable if [3H]-hypoxanthine incorporation gave > 1000
ounts per minute in the drug-free wells. Growth curves
ere obtained, and IC50 and IC90 values were calculated
y log-probit approximation.

.2.2. Fluorescence intensity measurement
lates were thawed for 2 h at room temperature and each
ample was mixed by pipetting. One hundred microliters of
he contents of each well were transferred to a new 96-
ell plate followed by 100 �l of SYBR Green I (SYBR Green
nucleic acid Gel Stain 10 000×, Sigma Aldrich) in lysis
uffer (0.2 �l of SYBR Green I/ml of 2× lysis buffer). The
ysis buffer contained Tris (20 mM, pH 7.5), EDTA (5 mM),
aponin (0.008% wt/vol) and Triton X-100 (0.08% vol/vol) and
as prepared in advance and stored at room temperature

Bacon et al., 2007). Plates were covered and incubated at
oom temperature for 1 h. Fluorescence intensity was mea-
ured with a FLX800 Microplate Fluorescence Reader (BioTek
nstruments, Winooski, VT, USA) with excitation and emis-
ion wavelengths of 485 nm and 535 nm respectively. Values
ere expressed in relative fluorescence units. Growth curves
ere obtained using the same procedure as for the isotopic
ssay.

.2.3. Statistical analysis
or all the clinical isolates for which interpretable results
ere obtained from both the isotopic and SYBR Green I
ssays, the geometric means of the IC50s and IC90s of each
rug tested were compared by Mann-Whitney U tests. The
trength of agreement between IC50s and IC90s values for
he isotopic assay and the SYBR Green I assay were cal-
ulated by using the concordance correlation coefficient
c. We chose this technique to avoid all the shortcomings
ssociated with the panoply of usual procedures (Pear-
on’s correlation coefficient r, paired t-tests, least squares
nalysis for slope and intercept, coefficient of variation,

ntraclass correlation coefficient) (Lin and Torbeck, 1998),
nd the following scale was used for interpretation: �c value
0.9 was considered as ‘almost perfect’, from 0.8 to 0.9 as
substantial’, from 0.65 to 0.8 as ‘moderate’ and <0.65 as
poor’. Clinical isolates were also identified as resistant or
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usceptible for chloroquine, monodesethylamodiaquine and
uinine, on the basis of an IC50 cut-off (100 nM for chloro-
uine, 60 nM for monodesethylamodiaquine and 800 nM for
uinine). The IC50s between these two groups for each of
he three drugs and for each assay method were compared
y using Fisher’s exact test. The relationship between the
wo measurement methods was studied by use of the individ-
al log IC50s and log IC90s of the four drugs tested. The Bland
nd Altman plot was used to display, by horizontal lines, the
ean difference of the log IC50s or the log IC90s and the
ean difference plus and minus two times the standard devi-

tion of the differences, with the latter corresponding to the
imits of agreement of the two techniques. This method was
ore appropriate in the analysis of measurement method

omparison data than the correlation coefficient or tech-
iques such as regression analysis (Altman and Bland, 1983).
or all tests, P values <0.05 were taken as indicative of
tatistically significant differences.

. Results

total of 249 clinical isolates from P. falciparum infected
lood were collected from February to September 2006 in
hosy (n = 15), Maevatanana (n = 28), Miandrivazo (n = 83),
siroanomandidy (n = 53), Saharevo (n = 29) and Moramanga
n = 41). Among these isolates, 193/249 (77.5%) had inter-
retable in vitro assay results by the isotopic method and
39/170 (81.7%) by the SYBR Green I based assay. A total of
38 blood samples collected from patients with malaria were
uccessfully analysed using the isotopic and SYBR Green I
ethods. The failure rates of the isotopic assay and the
nd dihydroartemisinin plotted against the mean values. The
stimated mean difference (− 0.01) and its confidence interval
2 SD) were calculated and are drawn as horizontal lines. As the
C50s increase, no tendency for greater or smaller differences
etween the methods is observed on the plot.
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Table 1 Comparison of the isotopic and SYBR Green I measurements for clinical isolates of Plasmodium falciparum tested
against four drugs

Drug tested No. of isolates
tested

Geometric mean (nM) [95% CI] P-valuea �c
b

Isotopic assay [3H]-
hypoxanthine

SYBR Green I

50% inhibitory concentration
Chloroquine 138 20.2 [16.5—27.7] 22.3 [18.7—26.7] 0.46 0.93
Monodesethylamodiaquine 138 7.6 [6.6—8.8] 7.2 [6.3—8.3] 0.61 0.92
Quinine 135 48.7 [40.6—58.4] 52.3 [44.7—61.3] 0.56 0.90
Dihydroartemisinin 130 0.80 [0.65—0.97] 0.80 [0.65—0.96] 0.99 0.81

90% inhibitory concentration
Chloroquine 138 116.6 [98.0—138.8] 119.4 [102.3—139.5] 0.84 0.68
Monodesethylamodiaquine 138 32.9 [28.8—37.7] 35.5 [30.8—40.8] 0.45 0.73
Quinine 135 342.1 [296.7—394.4] 335.8 [287.7—391.9] 0.86 0.72
Dihydroartemisinin 130 4.4 [3.8—5.1] 4.6 [3.95—5.46] 0.66 0.58

ce in
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r
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a Significances by Mann-Whitney U tests are given for the differen
b Concordance coefficient correlation.

for clinical isolates of P. falciparum tested against four
drugs (Table 1). The prevalence of resistance determined
for clinical isolates by the isotopic assay and the SYBR
Green I based assay was similar for chloroquine (P = 0.69),
monodesethylamodiaquine (P = 0.47) and quinine (P = 0.56).
The strength of agreement between the two methods was
almost perfect for IC50s of chloroquine, monodesethy-
lamodiaquine and quinine, and substantial for IC50s of
dihydroartemisinin, but moderate for IC90s of chloroquine,
monodesethylamodiaquine and quinine, and poor for IC90s
of dihydroartemisinin (Table 1). The correlation between
the log IC50s and log IC90s obtained by the two assays

revealed a significant correlation for chloroquine (n = 138;
r = 0.83, 95% CI 0.77—0.88; P < 0.001 and n = 138; r = 0.79,
95% CI 0.72—0.84; P < 0.001), for monodesethylamodiaquine
(n = 138; r = 0.68, 95% CI 0.58—0.76; P < 0.001 and n = 138;

Figure 2 Bland and Altman graph of the difference in log
IC90s between the two methods (SYBR Green I and isotopic
assays) for chloroquine, monodesethylamodiaquine, quinine
and dihydroartemisinin plotted against the mean values. The
estimated mean difference (+ 1.2) and its confidence interval
(2 SD) were calculated and are drawn as horizontal lines. As the
IC90s increase, no tendency for greater or smaller differences
between the methods is observed on the plot.
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inhibitory concentrations measured with the two assays.

= 0.71, 95% CI 0.62—0.78; P < 0.001), for quinine (n = 135;
= 0.78, 95% CI 0.70—0.84; P < 0.001 and n = 135; r = 0.72,
5% CI 0.63—0.79; P < 0.001) and for dihydroartemisinin
n = 130; r = 0.77, 95% CI 0.69—0.83; P < 0.001 and n = 130;
= 0.78, 95% CI 0.70—0.84; P < 0.001).

For all tests with all drugs (n = 541), r was 0.93 for IC50s
nd 0.94 for IC90s. In the Bland and Altman plot, the mean
ifference in the log IC50s (Figure 1) and the log IC90s
Figure 2) of the four drugs determined by the isotopic assay
nd the SYBR Green I was − 0.01 (limits of agreement, +0.57
o −0.60) and − 1.2 (limits of agreement, +79.3 to − 81.7),
espectively. This suggests that globally higher IC50s and
C90s were obtained with the SYBR Green I based assay than
y the isotopic assay. No tendency for greater or smaller dif-
erence between the two methods was found as the IC50s
r IC90s increased.

. Discussion

urrently, and especially since the massive implementa-
ion of artemisinin-based combination therapies (ACTs) as
rst-line treatment, reliable methods such as in vitro drug
usceptibility testing for the assessment of the sensitivity of
. falciparum parasites are useful tools to provide guidelines
or public health policies in monitoring temporal changes in
esistance. After more than two decades of use, both the
HO microtest and the isotopic assays have proven their

eliability. However, both assays are associated with seri-
us drawbacks: the WHO assay with the subjectivity of the
esults and the amount of labour involved, and the isotopic
ssay with the fact that it involves the handling of radioac-
ive material. The new SYBR Green I assay overcomes many
f these disadvantages and might be a method of choice,
specially in malaria-endemic countries. This method is rel-

tively simple and quick to perform, does not require highly
pecialized equipment and has the potential to replace tra-
itional assays in the routine monitoring of susceptibility
f P. falciparum isolates to antimalarial drugs. Since it was
riginally reported by two independent groups (Bennett et
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l., 2004; Smilkstein et al., 2004), several studies have
een published on this technique, but most of them have
nly evaluated its performance in drug sensitivity screening
gainst P. falciparum reference strains. Our study provides,
or the first time, an extensive assessment and validation
f the malaria SYBR Green I based fluorescence assay under
outine condition, on a large number of P. falciparum field
solates. The method described is based on the detection
f Plasmodium DNA in short-term cultures using a 96-well
ormat, allowing efficient, quantitative measurements of
ntiplasmodial activity for a large number of samples. Clini-
al samples, without removal of WBCs, were first incubated
ith the test drug for 72 h, followed by addition of SYBR
reen I, followed by a 5—30 min incubation period prior
o the measurement of fluorescence. For each sample, a
aired comparison of both assays was performed. Geomet-
ic means of IC50s and IC90s and paired t test for comparison
f paired IC50s and IC90s determined by the two methods
ere not significantly different for the four drugs tested.
oreover, the correlation between the log IC50s and log

C90s obtained by the two assays revealed significant cor-
elation for the four antimalarial drugs and the strength
f agreement estimated by using concordance coefficient
orrelation between the two methods were from almost
erfect to substantial for IC50s. These observations are con-
istent with those from previous studies (Bacon et al., 2007;
ennett et al., 2004; Johnson et al., 2007; Smilkstein et al.,
004). As the monitoring of the antimalarial drug resistance
s primarily based on the temporal evolution of the geo-
etric mean of the IC50s, our results clearly show that the

witch from the traditional in vitro drug sensitivity assay to
he SYBR Green I method is possible. Previous data acquired
y the isotopic assay is comparable to those obtained by the
YBR Green I method. In addition to the microfluorimetric
ethod, other non-radioactive assays exist and are begin-

ing to be widely used to determine susceptibility levels. In
hese ELISA-based methods, parasite growth and develop-
ent is assessed by measuring either the enzymatic activity

f the parasite lactate dehydrogenase (pLDH) (Druilhe et al.,
001; Makler et al., 1993) or the production of a histidine-
nd alanin-rich protein produced by P. falciparum (HRP-2)
Noedl et al., 2002). Recently published data suggest that
he results obtained with these assays are comparable with
hose obtained by the WHO microtest and the isotopic assays
Kaddouri et al., 2006; Noedl et al., 2005). Compared to
he SYBR Green I based assay, the main advantages of these
ethods are (i) their sensitivity enabling their use for any

resh isolate irrespective of parasite density (0.002% for
RP-2 and 0.005% for pLDH), and (ii) the possibility to be
erformed in isolated laboratories. On the other hand, their
ain drawbacks are the availability of monoclonal antibod-

es and their cost. According to several authors (Bacon et
l., 2007; Kaddouri et al., 2006; Smilkstein et al., 2004), the
evelopment of SYBR Green I assay will make in vitro drug
ensitivity testing more affordable for researchers in coun-
ries most affected by malaria and considerably cheaper
han traditional radioisotope-based drug sensitivity assays,

LDH assays or HRP-2 assays using an in-house ELISA method.

In conclusion, this report demonstrates the reliability of
simple, rapid, inexpensive and easy to use fluorescence-

ased assay for the routine monitoring of susceptibility of P.
alciparum clinical isolates. The availability of this assay will

B
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rovide an easier method for drug susceptibility testing of
alaria parasites, especially in malaria-endemic countries,
here there is massive implementation of new combined

herapeutic such as ACTs.
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rance) for the organization of the WHO Workshop on the
ew in vitro techniques to test P. falciparum sensitivity
gainst antimalarial drugs. We thank Pascal Ringwald for
roviding us monodesethylamodiaquine powder (via RCC
td, Itingen, Switzerland). We thank the patients and health
are workers who participated in the national network for
he surveillance of malaria resistance in Madagascar (RER)
rom which these samples were derived and the staff of
he Ministry of Health of Madagascar for their collaboration.
e are grateful to Rick Paul for his critical review of the
anuscript.

unding: This work was supported by a grant from the
rench Ministry of Foreign Affairs, FSP/RAI 2001-168 project.
ollection of samples was supported by funding from the
lobal Fund project for Madagascar round 3 (Community
ction to Roll Back Malaria, Grant number: MDG-304-G05-M).

onflicts of interest: None declared.

thical approval: The study protocol was reviewed and
pproved by the Ethics Committee of the Ministry of Health
f Madagascar, N◦007/SANPF/2007.

eferences

ltman, D.G., Bland, J.M., 1983. Measurement in medicine: the
analysis of method comparison studies. Statistician 32, 307—317.

acon, D.J., Latour, C., Lucas, C., Colina, O., Ringwald, P., Picot, S.,
2007. Comparison of a SYBR green I-based assay with a histidine-
rich protein II enzyme-linked immunosorbent assay for in vitro
antimalarial drug efficacy testing and application to clinical iso-
lates. Antimicrob. Agents Chemother. 51, 1172—1178.

ennett, T.N., Paguio, M., Gligorijevic, B., Seudieu, C., Kosar, A.D.,

Davidson, E., Roepe, P.D., 2004. Novel, rapid, and inexpensive
cell-based quantification of antimalarial drug efficacy. Antimi-
crob. Agents Chemother. 48, 1807—1810.

ickii, J., Basco, L.K., Ringwald, P., 1998. Assessment of three
in vitro tests and an in vivo test for chloroquine resistance in



ng

N

N

N

P

S

S

T

W

W

WHO, 2003. Assessment and monitoring of antimalarial drug effi-
cacy for the treatment of uncomplicated falciparum malaria.
SYBR Green I for Plasmodium falciparum susceptibility testi

Plasmodium falciparum clinical isolates. J. Clin. Microbiol. 36,
243—247.

Bjorkman, A., Bhattarai, A., 2005. Public health impact of
drug resistant Plasmodium falciparum malaria. Acta Trop. 94,
163—169.

Breman, J.G., Alilio, M.S., Mills, A., 2004. Conquering the intolera-
ble burden of malaria: what’s new, what’s needed: a summary.
Am. J. Trop. Med. Hyg. 71, 1—15.

Desjardins, R.E., Canfield, C.J., Haynes, J.D., Chulay, J.D., 1979.
Quantitative assessment of antimalarial activity in vitro by
a semiautomated microdilution technique. Antimicrob. Agents
Chemother. 16, 710—718.

Druilhe, P., Moreno, A., Blanc, C., Brasseur, P.H., Jacquier, P.,
2001. A colorimetric in vitro drug sensitivity assay for Plasmod-
ium falciparum based on a highly sensitive double-site lactate
dehydrogenase antigen-capture enzyme-linked immunosorbent
assay. Am. J. Trop. Med. Hyg. 64, 233—241.

Elabbadi, N., Ancelin, M.L., Vial, H.J., 1992. Use of radioactive
ethanolamine incorporation into phospholipids to assess in vitro
antimalarial activity by the semiautomated microdilution tech-
nique. Antimicrob. Agents Chemother. 36, 50—55.

Hay, S.I., Guerra, C.A., Tatem, A.J., Noor, A.M., Snow, R.W., 2004.
The global distribution and population at risk of malaria: past,
present, and future. Lancet Infect. Dis. 4, 327—336.

Johnson, J.D., Dennull, R.A., Gerena, L., Lopez-Sanchez, M.,
Roncal, N.E., Waters, N.C., 2007. Assessment and continued vali-
dation of the malaria SYBR Green I-based fluorescence assay for
use in malaria drug screening. Antimicrob. Agents Chemother.
51, 1926—1933.

Kaddouri, H., Nakache, S., Houze, S., Mentre, F., Le Bras, J.,
2006. Assessment of the drug susceptibility of Plasmodium falci-
parum clinical isolates from Africa by using a Plasmodium lactate
dehydrogenase immunodetection assay and an inhibitory maxi-
mum effect model for precise measurement of the 50-percent
inhibitory concentration. Antimicrob. Agents Chemother. 50,
3343—3349.
Lin, L., Torbeck, L.D., 1998. Coefficient of accuracy and con-
cordance correlation coefficient: new statistics for methods
comparison, PDA. J. Pharm. Sci. Technol. 52, 55—59.

Makler, M.T., Ries, J.M., Williams, J.A., Bancroft, J.E., Piper, R.C.,
Gibbins, B.L., Hinrichs, D.J., 1993. Parasite lactate dehydroge-
351

nase as an assay for Plasmodium falciparum drug sensitivity. Am.
J. Trop. Med. Hyg. 48, 739—741.

oedl, H., Bronnert, J., Yingyuen, K., Attlmayr, B., Kollaritsch,
H., Fukuda, M., 2005. Simple histidine-rich protein 2 double-
site sandwich enzyme-linked immunosorbent assay for use in
malaria drug sensitivity testing. Antimicrob. Agents Chemother.
49, 3575—3577.

oedl, H., Wernsdorfer, W.H., Miller, R.S., Wongsrichanalai, C.,
2002. Histidine-rich protein II: a novel approach to malaria
drug sensitivity testing. Antimicrob. Agents Chemother. 46,
1658—1664.

oedl, H., Wongsrichanalai, C., Wernsdorfer, W.H., 2003. Malaria
drug sensitivity testing: new assays, new perspectives. Trends
Parasitol. 19, 175—181.

iper, R., Lebras, J., Wentworth, L., Hunt-Cooke, A., Houze, S.,
Chiodini, P., Makler, M., 1999. Immunocapture diagnostic assays
for malaria using Plasmodium lactate dehydrogenase (pLDH).
Am. J. Trop. Med. Hyg. 60, 109—118.

milkstein, M., Sriwilaijaroen, N., Kelly, J.X., Wilairat, P., Riscoe,
M., 2004. Simple and inexpensive fluorescence-based technique
for high-throughput antimalarial drug screening. Antimicrob.
Agents Chemother. 48, 1803—1806.

now, R.W., Guerra, C.A., Noor, A.M., Myint, H.Y., Hay, S.I., 2005.
The global distribution of clinical episodes of Plasmodium falci-
parum malaria. Nature 434, 214—217.

rape, J.F., 2001. The public health impact of chloroquine resis-
tance in Africa. Am. J. Trop. Med. Hyg. 64, 12—17.

arhurst, D.C., 2001. A molecular marker for chloroquine-resistant
falciparum malaria. N. Engl. J. Med. 344, 299—302.

HO, 1990. In vitro microtest (Mark II) for the assessment of
response of Plasmodium falciparum to chloroquine, mefloquine,
quinine, sulfadoxine/pyrimethamine and amodiaquine. World
Health Organization, Geneva, WHO document MAP/87.2, Rev.
1.
World Health Organization Geneva, WHO/HTM/RBM/2003.50.
http://mosquito.who.int/cmc upload/0/000/017/017/
ProtocolWHO.pdf [accessed 15 December 2007].

http://mosquito.who.int/cmc_upload/0/000/017/017/ProtocolWHO.pdf
http://mosquito.who.int/cmc_upload/0/000/017/017/ProtocolWHO.pdf

	Performance and reliability of the SYBR Green I based assay for the routine monitoring of susceptibility of Plasmodium falciparum clinical isolates
	Introduction
	Materials and methods
	Parasites
	Reference culture-adapted strains
	Clinical samples

	In vitro assay
	Isotopic measurement
	Fluorescence intensity measurement
	Statistical analysis


	Results
	Discussion
	Authors' contributions
	acknowledgements
	Funding
	Conflicts of interest
	Ethical approval
	References


