
INTRODUCTION

Malaria is still a major public health problem in
Thailand. Apart from Plasmodium falciparum parasite,
which is resistant to nearly all antimalarial drugs, P.
vivax malaria is now receiving more attention. Rarely,
P. vivax can cause severe and even fatal complications,

but it represents about 50% of all malaria infections,
which is a heavy burden for Thailand. The prevalence
of vivax malaria is increasing. Most vivax malaria is
prevalent in areas of low endemicity with little immu-
nity and affects all age groups. After treatment of fal-
ciparum malaria, 20-40% of cases will have detectable
vivax parasitemia during 2-mo follow up. Vivax
malaria in Thailand has a rate of relapse, estimated at
between 20-40% in the 1-2 mo after an acute attack
and eradication of the hypnozoite stage of the parasite
requires sometimes high dose (30 mg/day) and long
duration (14 days) of primaquine (Looareesuwan et
al., 1987; Wilairatana et al., 1999).
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In Thailand, chloroquine remains the drug of choice
for the treatment of vivax malaria. Resistance to
chloroquine has been reported in many part of the
world, but so far no case has been confirmed in
Thailand (Luxemburger et al., 1999; Looareesuwan et
al., 1999; Bair, 2004). Mixed infections of falciparum
and vivax malaria are common and even increasing in
South-East Asia. However, rapid diagnostic tests or
microscopic confirmation of malaria species are not
generally available. Therefore, clinical diagnosis of
malaria is usually implemented and most of the cases
will be treated using falciparum antimalarial drugs,
despite availability of specific vivax malaria treat-
ment. At present, many investigations are focused on
trying to find alternative regimens for treating chloro-
quine-resistant vivax malaria. Artemisinin-based com-
bination therapies (ACTs), which are currently recom-
mended by the World Health Organization for the
treatment of uncomplicated falciparum malaria, are
also effective against vivax malaria. The present study
aimed to find alternative regimens for treating the 2
malaria species using falciparum antimalarial drugs.

MATERIALS AND METHODS

Vivax malaria patients (n = 98) with the inclusion
criteria (acute uncomplicated vivax malaria infections,
either male or female; if female, pregnancy test nega-
tive before enrolment into the study, positive only
asexual forms of P. vivax in blood smears, weight ≥ 40
kg and age ≥ 15 years) were enrolled in the study, and
admitted to the Bangkok Hospital for Tropical
Diseases for 28 days. Patients with severe malnutri-
tion, pregnancy and lactation, concomitant febrile ill-
ness, which would interfere with follow-up, ingestion
of antimalarial drugs in the past 14 days or known
allergy and/or intolerance to drug(s) being tested
were excluded from the study. Patients with G6PD
deficiency were not given primaquine. All patients
included in the study gave their informed consent.
The study was approved by Ethics Committee of the
Mahidol University. The patients were randomly
assigned with one of the following treatments: group I
artemether-lumefantrine (Coartem®, Novartis) 4

tablets, each tablet containing 20 mg artemether and
120 mg lumefantrine given orally at 0, 8, 24, 32, 48,
and 60 hr (total 24 tablets) followed by 15 mg pri-
maquine (manufactured by Government Pharmaceu-
tical Organization) daily for 14 days in adults (chil-
dren dose was adjusted according to the age); group II
chloroquine (Government Pharmaceutical Organiza-
tion) 25 mg base/kg given over 3 days followed by
primaquine as group I. The baseline demographic
data including complete blood count, G6PD status
and biochemistry were obtained upon admission.
Clinical assessment was performed every day, and the
axillary temperature was recorded and blood smears
were examined on admission and every 12 hr until
parasite and fever clearance, and then at day 3, 7, 14,
21 and 28, respectively. Treatment failure was defined
as i) clinical deterioration after treatment due to P.
vivax illness requiring hospitalization in the presence
of parasitemia, ii) presence of parasitemia and axillary
temperature ≥ 37.5°C any time between day 3 and day
28, iii) presence of parasitemia on any day between
day 7 and day 28, irrespective of clinical conditions. 

RESULTS

The study was conducted from June 2004 to May
2005. Among the 98 patients, 47 were treated with
artemether-lumefantrine and 51 with chloroquine.
The baseline information included gender, age,
height, weight, organomegaly, temperature, initial
parasite count, and baseline laboratory results were
shown in Table 1. Eighteen patients were lost to fol-
low-up at day 15, 16, 16, 21, 21, 23, 25, 26, and 27 for
the artemether-lumefantrine treated group, and at day
13, 16, 16, 23, 23, 23, 26, 26, and 27 for the chloroquine
treated group (Table 2). Only one treatment failure
was recorded in the artemether-lumefantrine treated
group at day 26. Another patient in the artemether-
lumefantrine treated group was diagnosed with P. fal-
ciparum infection at day 1 and was successfully cured
at day 28 for both species. The fever clearance time
and parasite clearance time were slightly longer in
chloroquine treated group (21.8 hr vs 25.3 hr, P = 0.12;
and 41.6 hr vs 55.8 hr, P < 0.01, respectively). The per-
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centage of parasite reduction after treatment was
shown in Fig. 1. Both treatments were well tolerated.
The main side effects in the artemether-lumefantrine
group were headache (4.3%), dizziness (4.3%), and
vomiting (2.1%), which could not be differentiated
between the clinical signs and symptoms of malarial
infection and drug-related. However, the severities of
these side effects were only mild to moderate. No seri-
ous adverse event was found.

DISCUSSION

Annually, 1,500-2,200 malaria patients were admit-

ted to the Bangkok Hospital for Tropical Diseases, and
51% of these patients had P. vivax infection and 2-4%
had mixed infections with P. falciparum and P. vivax.
In Thailand, chloroquine remains the drug of choice
for the treatment of vivax malaria. In many parts of
the world, several cases of so-called chloroquine-resis-
tant P. vivax have been reported, but these cases were
not systematically confirmed with the measurement
of chloroquine and monodesethylchloroquine blood
level at the day of failure, which can help to distin-
guish between chloroquine-sensitive and chloroquine-
resistant isolates.

The artemisinin derivatives, such as artesunate,

Krudsood et al.: Efficacy of chloroquine and artemether-lumefantrine for vivax malaria 113

Table 1. Clinical and laboratory characteristics of study
groups before treatments

Group I Group II
Artemether- Chloroquine
lumefantrine (n = 51)

(n = 47)

Male/Female 35/12 35/16
Age (yr)

Mean (SD) 025.1 0(6.9) 024.3 0(6.3)
Range 15-65 15-65

Mean (SD) height in cm 162.3 0(6.4) 161.4 0(7.0)
Mean (SD) weight in kg 052.9 0(5.1) 053.8 0(6.3)
Highest fever before 037.5 0(0.8) 037.8 0(0.9)

treatment (°C)
No. of patients with 1 2

splenomegaly
No. of patients with 12 11

hepatomegaly
Geometric mean parasite 4,347.9 6,125.5

count per µl
Range 40-95,800 111-47,400

Laboratory data; mean (SD)
Packed cell volume (%) 036.2 0(5.9) 037.4 0(6.1)
Platelet count (/µl) 091.3 (62.5) 098.8 (62.0)
Blood urea (mg/dL) 016.0 (20.1) 017.1 (18.9)
Serum creatinine (mg/dL) 000.8 0(0.2) 000.9 0(0.1)
Total bilirubin (mg/dL) 001.1 0(0.5) 001.4 0(0.8)
Aspartate aminotrans- 026.6 (14.5) 029.8 (19.6)

ferases (U/L)
Alamine aminotrans- 027.5 (16.7) 032.7 (29.5)

ferases (U/L)
Albumin (g/L) 003.7 0(0.4) 003.9 0(0.5)
Alkaline phosphatase 088.3 (49.0) 090.6 (29.0)

(U/L)
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Fig. 1. Percentage of parasite reduction after treatment.

Table 2. Therapeutic responses

Group I Group II
Artemether- Chloroquine
lumefantrine (n = 51)

(n = 47)

No. of patients lost to 09 (19.1%) 09 (18%)
follow-up

No. of patients with 28 days 38 (80.9%) 42 (82.0%)
follow-up

No. (%) cured at day 28 37 (97.4%) 42 (100%)
Fever clearance time (hr)

Mean (SD) 21.8 (11.2) 25.3 (10.8)
Range 4-70 4-90

Parasite clearance time (hr)
Mean (SD)* 41.6 (7.2) 55.8 (7.8)
Range 14-71 23-106

*Significant difference between groups at P < 0.001.



have been approved by the Thai FDA for the treat-
ment of falciparum malaria in Thailand. These com-
pounds are well tolerated; however, monotherapy for
at least 5-7 days is required. Therefore, artemisinin
derivatives should be used for the treatment of falci-
parum malaria in combination with long acting drugs.
Artesunate has been used successfully for treatment
of asexual forms of vivax malaria in combination with
primaquine in Thailand (Hamedi et al., 2004).
Artemisinin was less effective in Vietnam (Phan et al.,
2002). Several ACTs are now available in co-formulat-
ed or in co-packaged presentations. Very few studies
on the efficacy of ACTs for the treatment of vivax
malaria are available so far. Efficacy of artesunate plus
sulfadoxine-pyrimethamine in Indonesia was 89.5%,
whereas dihydroartemisinin-piperaquine was 100%
effective in Indonesia (Tjitra et al., 2002). In the pre-
sent study, artemether-lumefantrine was as effective
as chloroquine. However, parasite clearance time was
shorter in artemether-lumefantrine treated group.
Only one case of failure was reported at day 26. In an
earlier study in Indonesia, treatment failures after
chloroquine therapy between day 17 and day 28 may
be either recrudescence or relapse (Baird et al., 1997).
Unfortunately, no blood was sampled for lume-
fantrine dosage or molecular markers in the present
study. Reinfection was excluded since patients were
hospitalized during the follow-up.

Many countries have adopted ACTs as the first line
drugs for the treatment of uncomplicated falciparum
malaria. The present study confirms that artemether-
lumefantrine is effective against vivax malaria and
well tolerated in combination with primaquine. These
results have implication for countries that have adopt-
ed artemether-lumefantrine as the first line drug, and
where both malaria species are prevalent and para-
sitological differentiation is not carried out in routine
practices.
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