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M
any efforts have been done to reduce

the morbidity rate of falciparum

malaria. Chloroquine and pyrimetha-

mine-sulphadoxine (PS) until now

are still the first line therapy for falciparum malaria

in the world, including in Indonesia.1 The rapid

emergence of resistance against first line drugs had

been reported in Indonesia.2,3 It is likely to have a

striking impact on childhood mortality in many

regions where no obvious replacement for first line

drugs is available.

Combination therapy against highly drug-resis-

tant infectious diseases has been accepted worldwide.4

Artemether is a derivative of qinghaosu, which is an

extract of the plant Artemesia annua.L.5 The action

of artemether is at the erythrocytic stage of the para-

site life cycle. The mechanism of action remains un-

certain, but it is thought to cause free-radical dam-

age to parasite membrane systems.5,6 Artemether stops

parasite development rapidly, thus, prevents subse-

quent cytoadherence and rosetting. In areas of high
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ABSTRACT

Background  Large amount of data show that chloroquine and
pyrimethamine-sulfadoxine (PS) as standard drugs for falciparum
malaria cause resistance; for that reason new drugs or combina-
tion drugs are urgently needed. Artemether is one of the new
drugs. It has been studied extensively in China and Southeast
Asia during the past 10 years. The effectiveness of this drug in
clearing parasites has been thoroughly documented.
Objective The objective of this study was to investigate the
efficacy of the combination of chloroquine and PS compared to
artemether and PS in the treatment of uncomplicated falciparum
malaria.
Methods We did a single-blind randomized study on 60 children
with uncomplicated falciparum malaria. Thirty children were
treated with chloroquine (10 mg/kg for 2 days, then 5 mg/kg in
the 3rd day) and PS (pyrimethamine 1-1.5 mg/kg single dose on
the 1st day) and the other 30 children were treated with artemether
(4 mg/kg/day for 3 days) and PS. All patients were admitted to
hospital for at least 7 days.
Results Fever clearance time was significantly shorter in the group
that received artemether and PS compared to that in the chloro-
quine-and-PS group (42 hours vs. 75 hours 50 minutes, p<0.0001).
Parasite clearance time was significantly different between the
group that received artemether and PS and the chloroquine-and-
PS group (2.5 days vs. 3.1 days, p=0.04). The cure rate in the
chloroquine-and-PS group was 28/30 and that of the artemether-
and-PS group was 30/30. Nausea and vomiting were found in 1
patient treated with chloroquine and PS.
Conclusion The combined treatment of artemether and PS was
well tolerated. No adverse reactions attributable to the treatment
were noted [Paediatr Indones 2004;44:228-233].
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drug resistance, the combination of first drug and

artemisin derivatives (artesunat, artemether) has

shown to be fully effective.7-9 The currently recom-

mended regimens are artesunat or artemether 4 mg/

kg once a day for 3 days, plus mefloquine or PS.6

Previous studies have been done in adults with those

regimens but there has been no detailed prospective

evaluation of qinghaosu or its related compounds in

children with malaria.10 The objective of this study

was to evaluate the efficacy and safety of the combi-

nation of chloroquine and PS compared with

artemether and PS in the treatment of uncomplicated

falciparum malaria in children.

Methods

Study site
The study was conducted during the period of 7

months between March and September 2002 at the

Manado Central General Hospital (MCGH), which

is the main pediatric referral hospital in North

Sulawesi. This area is considered to be endemic for

P. falciparum with year-round transmission.

Study design
This was a single-blind randomized study on 60

children with uncomplicated falciparum malaria.

Sample size was calculated to be 30 children in each

study group (significance level=5%, power=80%).11

Children were included if they were between the

ages of 6 months and 13 years, had symptoms

compatible with acute falciparum malaria (with

fever or a history of fever during the present illness

for at least 48 hours), had positive blood film for P.

falciparum mono infection, had no history of

antimalarial drug use in the previous 14 days, were

inpatients for minimum 7 days, and their parents gave

informed consent. Exclusion criteria was one of the

following conditions: one or more general danger signs

or any sign of severe and complicated malaria, the

presence of severe disease, severe malnutrition, fever

caused by other diseases such as dengue fever,

typhoid fever, pneumonia, etc., and history of

hypersensitivity reactions to sulfonamides. Patients

were recruited from the outpatient pediatric clinic

and pediatric emergency room at MCGH. The Ethics

Committee of the MCGH approved the study.

Procedures
The patients were randomly allocated (using a table

of random numbers) to one of the two treatment

groups, chloroquine-and-PS or artemether-and-PS.

Thirty eligible children received chloroquine (10

mg/kg for 2 days, then 5 mg/kg in the 3rd day) and

PS (pyrimethamine 1-1.5 mg/kg single dose on the

1st day) and 30 children were treated with

artemether (4 mg/kg over 3 days) and PS.

A physician administered all of the drugs orally

and each child was observed for at least 30 minutes

after each supervised drug treatment in order to

ensure that the drug was not vomited. The two

groups received either only mechanical antipyretics

or in combination with paracetamol, if the body tem-

perature was >380C. Clinical observations were re-

corded daily for 8 days (day 0 to 7). At each follow-

up, the parents (and when possible, the children)

was actively questioned using a questionnaire, and

the children were examined for the presence of ad-

verse reactions to drugs. Before treatment we did a

full blood count, including hemoglobin, platelets,

and differential count. Body temperature was re-

corded every 8 hours with electronic thermometers

to one decimal point for 8 days (day 0 to 7). We also

recorded the pulse rate, respiratory rate, and blood

pressure. Thick blood smears, for quantification of

parasitemia, were prepared every morning for 8 days

(day 0 to 7).

Parasite clearance time was the time from the

start of treatment until the first time the slide was

negative at three-time examinations. A tempera-

ture of >37.50C was judged as fever. Fever clear-

ance time was the time from the start of treatment

until the temperature measured was below 37.50C

and did not rise to >37.50C for minimum 72 hours.

Cure rate was defined as absence of fever and para-

sitemia on day 7. A dropped out patient was de-

fined as a patient lost to follow-up despite fulfilling

all inclusion criteria without developing any exclu-

sion criteria during the follow-up period.

Laboratory methods
Preparation and staining of the blood slides followed

the procedures outlined in Basic Malaria Microscopy

1 (WHO, 1991).6 Thick blood films were stained

with Giemsa. Parasite density was measured as the

number of parasites per 200 white blood cells (WBC)
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on a thick film, assuming a total WBC count of

8.0x109/L. If gametocytes were seen, the gametocyte

count was extended to 1000 WBC. Experienced

parasitologist read all of the slides.

Statistical analysis. Normally distributed data were

compared using the Student’s t-test; homogeneity

of variance was tested by the F-test. Discrete data

were compared by Fischer’s exact test.

Results

Patients’ characteristics. A total of 83 children

who presented with malaria (fever and positive

blood smear) at the trial site were screened

between March and September 2002. Sixty-seven

eligible children could be enrolled but 7 patients

67 children

enrolled

Chloroquine and PS
D
0
: 34 randomized

1 mixed malaria with P Vivax

D
1
: 33 evaluable

2 with typhoid fever
D
4
: 31 evaluable

1 with hepatitis
D
6
: 30 evaluable

2 with treatment failure
move to another treatment

D
7
: 30 evaluable D

7
: 30 evaluable

1 with typhoid fever
D
6
: 30 evaluable

1 lost to follow-up
D
4
: 31 evaluable

1 mixed malaria with P Vivax

D
1
: 32 evaluable

Artemether and PS
D
0
: 33 randomized

FIGURE 1. FLOW CHART OF THE CHILDREN, INDICATING THEIR DISPOSITION FOLLOWING

ENROLLMENT INTO THE STUDY

TABLE 1. CHARACTERISTICS OF CHILDREN TREATED WITH

CHLOROQUINE AND PS OR ARTEMETHER AND PS AT THE

TIME OF ENROLLMENT

Characteristics Chloroquine Artemether
and PS and PS

Patients enrolled 30 30
Males/Females 12/18 18/12
Median age in years/SD 6.8/3.5 5.8/3.3
Median weight in kg/SD 20.7/9.3 17.3/6.6
Hepatomegaly 24 24
Splenomegaly 20 19
Median Hb/SD (g/dL) 10.3/1.95 10.2/1.74
Median temperature at
baseline

38.7OC 38.7OC

Median number of
parasite at baseline/SD 402.8/854.67 558.1/1,111.28
(mm3)
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were dropped out, two suffered from mixed

malaria during follow-up, four suffered from

malaria combined with other infectious disease

such as typhoid fever and hepatitis A, and one

patient failed to complete the treatment due to

withdrawal of consent (Figure 1).

Both of the two groups were similar in gender,

age, weight, and baseline clinical features (Table

1). Fever clearance time was significantly shorter

in the group treated with artemether and PS than

that in the group that received chloroquine and PS

(Figure 2). In the artemether-and-PS group, nor-

mal temperature was achieved in 42 hours (SD 12

hours 59 minutes), while in the chloroquine-and-

PS group, it was 75 hours 50 minutes (SD 30 hours 6

minutes), p<0.001. Hundred percents of children

were febrile at enrollment. On day 3, only 1 patient

had fever in the artemether-and-PS group, and on

day 4 there was no patient who had fever. In the

chloroquine-and-PS group, on day 3 there were still

7 patients who had fever but on day 5, no patient

had fever (data not shown).

 Parasite clearance time was significantly dif-

ferent in the group that received artemether and

PS compared with that of the chloroquine-and-PS

group (2.5 days/SD 0.97 days vs. 3.1 days/SD 1.02

days, p=0.04) (Figure 3). On day 3, four children

treated with artemether and PS and 6 children

treated with chloroquine and PS still had para-

sitemia as shown in their blood smears. On day 5,

all children treated with artemether and PS who

could be evaluated had their parasites cleared in

contrast with 2 chloroquine-and-PS-treated chil-

dren who still had parasitemia (data not shown).

The cure rate of the chloroquine-and-PS

group was 28/30, 2 children still showed para-
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41

Days

Drugs

Arthemeter and PS

Chloroquine and PS

FIGURE 2. FEVER REDUCTION IN MALARIA PATIENTS TREATED WITH CHLOROQUINE AND PS COMPARED WITH

ARTEMETHER AND PS (42 HR FOR ARTEMETHER AND PS, 75 HR 50 MINUTES FOR CHLOROQUINE AND PS)
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sitemia until day 7 (Table 2) although they did

not have fever or showed resistance (R). Both of

them got alternative treatment for drug failure,

quinine 10 mg/kg orally 3 times daily for 7 days.

One patient was clear from parasite on day 9 and

the other on day 10. No serious adverse reaction

was attributable during 7 days of treatment. One

patient of the chloroquine-and-PS group had

nausea and vomiting on day 0 to 1, after 8 hours

of treatment, but disappeared on day 2.

Discussion

Malaria parasites acquire resistance to antimalarial

drugs due to mutation. Rapid parasite clearance

may, therefore, lower the chance of drug-resistant

strains emerging. Artemisin derivatives are the most

potent and short-acting antimalarial drugs. The

combination of a short-acting artemisin derivative

with a longer-acting drug, such as PS, has the

advantage that any parasites remaining after the

artemisin derivative has worked are eliminated by

a drug with different mode of action, therefore,

emergence of resistance to each drug is less likely.12

To our knowledge, this was the first study evaluating

the efficacy of artemether and PS compared with

chloroquine and PS in our region.

Fever is the manifestation of malaria that

most frequently causes discomfort.13 Thus, it was

encouraging that children treated with artemether

and PS became afebrile significantly faster than

those treated with chloroquine and PS. Sleiden

et al14 have compared artemether to PS

monotherapy and found that the use of

antipyretics was lower with artemether (signifi-

cant in day 2 and 3; p<0.01). Another study in

Gambia showed that the combination of

artesunate and PS was more faster in lowering

the body temperature in day 1, p=0.01.8

Parasite clearance time in our results is parallel

with those of other studies.8,14,15 In our study, there

was no side effect found in the artemether group.

Looareesuwan et al7 found itching and fine macular

rash in 3 patients treated with artesunate (deriva-

tive artemisin). The itching was mild and the rash

was present only on the extremities. These symp-

toms were present from day 2, but did not require

any treatment. Another study with artesunate sup-

pository showed that 1 child developed hyperpyr-

exia (oral temperature of 43.0 0C) in 8 hours after

the first suppository.15

TABLE 2. CURE RATE IN THE TWO GROUPS OF TREATMENT

Chloroquine and Artemether and
PS group (n=30)  PS group (n=30)

Cure by 7th day 28 30
No cure by 7th day 2 0

Fischer exact test p=0.2458

100.00

75.00

50.00

25.00

0.00

0 1 2 3 4 5 6 7
Days

Chloroquine and PS

Artemether and PS

FIGURE 3. PARASITOLOGIC RESPONSE OF FALCIPARUM MALARIA TO CHLOROQUINE AND PS COMPARED

WITH ARTEMETHER AND PS, AS SHOWN BY PARASITE DENSITY CLEARANCE TIME
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Our study showed that artemether and PS com-

bination was well tolerated and the cure rate was 30/

30. It might be due to the fact that artemether is a

new drug with limited users in this area. There is

widespread concern that uncontrolled use of oral for-

mulations of artemisin and its derivatives can lead to

rapid decline in their efficacy. In order to maintain

their powerful antimalarial activity, the use of

artemisin and its derivatives should be primarily re-

stricted. However, in areas such as those in South

East Asia, the use of oral formulations to treat un-

complicated falciparum malaria is also indicated.16

We concluded that the combined treatment

of artemether and PS was well tolerated in our sub-

jects and no adverse reactions attributable to the

treatment were noted. Despite this result, we still

need more study in other regions with different

populations and especially for evaluation in more

than 7 days (extended until 28 days) because para-

site clearance reflects factors other than treatment

type, including preexisting immunity, the initial

parasitemia, and clinical severity.
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