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Abstract. This study was conducted to correlate blood concentrations of lumefantrine with treatment outcome for
patients with Plasmodium falciparum malaria when the drug was given without specific instructions for administration
with food. Patients with P. falciparum malaria in the highly endemic state of Orissa, India, were enrolled during 2008
and followed-up for 28 days after admistration of artemether-lumefantrine for three days according to a World Health
Organization protocol. Drug concentration in whole blood was determined by using blood spots placed on filter paper on
day 7. The technology is suitable for field studies. One hundred percent of the patients had an adequate clinical and para-
sitological response. These results confirm the efficacy of artemether-lumefantrine in persons from poor tribal communi-
ties when givenwithout specific instructions regarding co-administrationwith food, despite high inter-individual variability
in blood concentrations of lumefantrine.

Artemether-lumefantrine (AL) is the most widely used
artemisninin-based combination therapy globally for treatment
of Plasmodium falciparum malaria.1 The drug has been regis-
tered in India since 2006 and co-formulated tablets containing
20 mg of artemether and 120 mg of lumefantrine are available.
Polymerase chain reactions have detected uncorrected 28-day
cure rates of 94.5% and 98.6% in India for four-dose and six-
dose regimens, respectively.2,3

This drug combination is safe andwell tolerated.4 Absorption
of both components of artemether-lumefantrine is variable;
artemether is absorbed rapidly, and lumefantrine absorp-
tion depends on its intake with fatty foods, which enhance its
bioavailability.5

Malaria is common in populations with low socioeconomic
status. In these patients, average intake of dietary fat may be
low compared with persons in western countries, which could
lead to lower blood levels of lumefantrine because of poor
absorption and thus treatment failure. Treatment failure in a
malnourished child suspected to be caused by poor absorption
was reported by Valecha and others.3 Thus, the present study
was conducted to correlate blood concentrations of lumefan-
trine with treatment outcome when the drug is administered
for treatment of uncomplicated P. falciparummalaria without
specific instructions for intake with food. Because collection
and transport of samples from remote areas limits the deter-
mination of drug levels, the technique developed by Blessborn
and others6 was used. This method has advantage that the
samples can be collected easily in the field and stored up to
4months at 22°C.
The study was conducted in September 2008 at one site in

Sundargarh District, Orissa, India (21°36¢–22°32¢N, 83°32¢–
85°22¢E), an area to which P. falciparum is endemic. The first-
line treatment for malaria in this region is artesunate plus
sulfadoxine-pyrimethamine (http://nvbdcp.gov.in).
The study was single arm and open label and approved

by the ethics committee of the National Institute of Malaria
Research. Informed consent was obtained from all adult par-
ticipants and from the parents or legal guardians of minors. All
patients reporting to the National Institute ofMalaria Research

with fever or during active survey in the field were examined
for malaria parasites by using blood smears. Persons positive
for P. falciparum were enrolled. On day of enrollment (day 0),
a full clinical examination was conducted (temperature, body
weight, and other demographic information). Reassessment
for parasitological and clinical parameters was conducted on
days 1, 2, 3, 7, 14, 21, and 28. Patients were treated with AL
according to body weight, and the full dose was repeated if
vomiting occurred within 30 minutes. The drug was supplied
by the World Health Organization (WHO) (batch no. X1196;
Novartis, Basel, Switzerland). Treatment response was ana-
lyzed for early treatment failure, late treatment failure, and
adequate clinical and parasitological response (ACPR) accord-
ing toWHOguidelines.7

For lumefantrine estimation, 100 µL of blood was collected
on day 7 by venipuncture and placed onWhatman (Maidstone,
United Kingdom) 31ET chr filter paper pre treated with
0.75M tartaric acid and dried. The blood level of lumefantrine
was determined at Dalarna University College, Borlange,
Sweden by using high-performance liquid chromatography
as described.6

Data were entered into WHO software for Kaplan Meier
analysis for calculating cure rates.7 Relationship between
age and drug concentration was analyzed by scatter plot.
The difference of mean baseline parasitemia were analyzed
by log-transformed analysis of variance. Fisher’s exact test
was used to determine the association between time and
drug concentration.
A total of 56 patients with uncomplicated P. falciparum

malaria were enrolled in the study (Table 1); five were sub-
sequently lost to follow-up. The ACPR was 100% (95% con-
fidence interval = 93–100%) and parasite clearance at 24, 48
and 72 hours were observed in 39.2%, 92.1%, and 100% of the
patients, respectively. Themean parasite clearance time (PCT)
was 40.4 hours.
Blood concentration of lumefantrine ranged between 80 and

2,988 ng/mL and was not affected by age (r = 0.07; Figure 1).
Although no data on whole blood concentration were avail-
able, a cutoff of 280 ng/mL has been used by Ezzet and oth-
ers.8 Therefore, a comparison was made between groups
with high (> 527 ng/mL), medium (281–527 ng/mL), and low
(£ 280 ng/mL) lumefantrine concentrations. There was no sta-
tistically significant difference in mean baseline parasitemia
(P = 0.867) and PCT (P = 0.244; Figure 2) in these groups.
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The lumefantrine concentration profile has been reported to
be main determinant of efficacy of artemether-lumefantrine.9,10

Lumefantrine absorption and its bioavailability is highly vari-
able and supervised treatment with fatty food is recommended
(WHO, 2010).4 However, previous studies have reported that
dietary fat intake is not necessarily related to bioavailability of
lumefantrine.11–13 In a randomized trial in Uganda, the routine
fat intake at home was considered adequate for optimal effi-
cacy.14 In Tanzania, a 97.3% cure rate was reported regardless
of food consumption.14

The main limitation of the present study is that a compari-
son cannot be made with other studies because ratios between
plasma and whole blood concentrations have not been
reported. However, eight patients with drug levels > 280 ng/
mL had an ACPR and a PCT of 48 hours. Parasitologic analy-
sis at 24-hour intervals is another limiting factor in detecting
minor difference, if any, between groups.
This study demonstrates the use of a simple technique for

estimating lumefantrine concentrations in whole blood in field
settings. High efficacy of artemether-lumefantrine was observed,
despite inter-individual variation in blood levels of lumefantrine,
which was not compromised when treatment was given with-
out specific instructions regarding co-administration with food.
It is expected and reported that the food intake, especially fat
content, is low in poor tribal communities. Therefore, unless

specific efforts are made to supplement food/fat intake with
drug, fat intake will range from 2 to 19 g/person/day in such
populations compared with a recommended amount of 22 g/
person/day.15 These results indirectly suggest that artemether-
lumefantrine remains efficacious despite possible low fat intake
in this semi-immune population. Because host immunity and
high parasite sensitivity to artemether-lumefantrine may be a
contributory factor, further studies are warranted among non-
immune populations.
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FIGURE 2. Relationship between parasite clearance time and
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India, 2008.
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fantrine at day 7 of patients enrolled in the study, Orissa, India, 2008.
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