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Abstract 
Background: Malaria infection during pregnancy is a major public health problem. Due to increasing resistance to Chloroquine 
and Sulphadoxine/Pyrimethamine, the Ugandan national policy on malaria treatment was changed in 2005 to Artemisinin-based 
combination therapy (ACT) as the first-line treatment for uncomplicated malaria. The policy recommends assessment of safety 
and efficacy of alternative drugs for treatment of uncomplicated malaria.  We compared the efficacy and safety of Artemether-
Lumefantrine (Coartem®) and Chlorproguanil-Dapsone (Lapdap®) in the management of uncomplicated malaria in pregnancy.  
Methodology: We enrolled 110 pregnant women in the second and third trimester of pregnancy who presented to Mulago 
hospital, Uganda, with uncomplicated malaria.  The study design was an open-label randomized clinical trial. Participants were 
randomized to receive either Artemether-Lumefantrine (Coartem® 20mg/120mg) orally or Chlorproguanil-Dapsone (Lapdap®) 
orally for 3 consecutive days. Primary endpoints were clinical and parasitological response assessed on days 0, 1, 2, 4, 7, 14 
and 28. Adverse effects, clinical response (treatment failure) and parasitological response were compared. Analysis was by 
intention to treat.  
Results: Of the 100 women who completed the study, there was no statistically significant difference in clinical and 
parasitological response by Day 4. The mean fever clearance time 3.0 days with Lapdap® versus 2.5 days with Coartem® was 
comparable. Likewise, mean parasite clearance time of 2.4 and 2.2 days for Lapdap® and Coartem® respectively was 
comparable. The adverse effects were comparable between the two groups.  
Conclusion: Artemether-Lumefantrine and Chlorproguanil-Dapsone have high and comparable cure rates and similar safety 
profiles when used for treatment of uncomplicated malaria in pregnancy. 
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Introduction 

Malaria infection during pregnancy is a major 
public health problem in sub-Saharan Africa. Due 
to increasing resistance to Chloroquine and 
Sulphadoxine-Pyrimethamine [1], the Ugandan 
national policy on malaria treatment was changed 
in 2005 to Artemisinin-based combination therapy 
(ACT). Artemether-Lumefantrine (Coartem®), a 
fixed combination drug containing Artemether 
(20mg) and Lumefantrine (120mg) per tablet for 
oral use (given as 4 tablets twice daily for 3 days) 
is the first-line treatment for uncomplicated 
malaria. The efficacy of Coartem® is well 
documented from studies conducted in different 
settings among children and adults [2,3]. Though 

ACTs appear to be well tolerated and safe in 
pregnancy [4-7], there is a need to evaluate 
alternatives to ACTs in the treatment of malaria in 
pregnancy in case resistance emerges. Lapdap® 
is a synergistic combination of two antifolate drugs 
(Chlorproguanil and Dapsone) which is rapidly 
eliminated from the body [8-9] giving it low 
selection pressure for drug resistance. Most 
research on Lapdap® has been conducted among 
children with uncomplicated malaria [10]. Our 
objective was to compare the efficacy (clinical and 
parasitological response) and safety of Coartem® 
and Lapdap® in the treatment of uncomplicated 
malaria in pregnancy. Ethical clearance to 
undertake the study was obtained from the ethical 
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committees of the Faculty of Medicine of Makerere 
University and the Uganda National Council of 
Science and Technology. 
 
Materials and Methods 

The study was undertaken in Mulago hospital, 
located in Kampala, Uganda, an urban area with 
mesoendemic malaria transmission. The study 
design was an open-label randomized clinical trial. 
Participants were pregnant women in the second 
and third trimesters of pregnancy recruited from 
the antenatal clinic and maternity wards, and 
followed for the duration of the study. The inclusion 
criteria were clinical symptoms of fever, joint pains, 
or general malaise suggestive of uncomplicated 
malaria, gestation age 14 to 36 weeks, absence of 
signs or symptoms of complicated malaria, and a 
thick blood film positive for Plasmodium falciparum 
monoinfection. Patients with history of allergy to 
Sulphonamides or who had received antimalarials 
or Co-trimoxazole therapy in the previous 2 weeks 
were excluded. 
 
Procedures 

On consent, blood slides were taken and 
tested for malaria parasites. Participants with 
parasite density of 500 to 200,000 (parasites per 
micro liter) were enrolled into the study and 
randomized using computer-generated numbers to 
receive (orally) either Coartem® (Artemether 
20mgs-Lumefantrine 200mgs) or Lapdap®. The 
random numbers were generated by a statistician, 
who sealed them in opaque envelopes. If a 
potential participant met the inclusion criteria, an 
envelope was opened and the patient was 
assigned that treatment. Treatment started on the 
day of enrollment (Day 0) whereby the participant 
swallowed the first dose of the drugs in the 
presence of the study nurse. Subsequent doses 
(Coartem® four tablets twice daily or Lapdap® two 
tablets twice daily) were taken on the following two 
days.  

The study variables included socio-
demographic characteristics, obstetric history and 
medical history, as well as symptoms and signs. 
Primary endpoints were clinical and parasitological 
response assessed by parasite densities on blood 
slides on Days 0, 1, 2, 4, 7 14 and 28. Adverse 
effects of the drug (assessed by hematological, 
renal, and liver function tests on Days 0, 14 and 

28) as well as clinical assessment were 
documented and compared.  
 
Sample size 

The sample size of 55 per group was 
calculated using the formulae by Pocock [11] for 
randomized clinical trials: N = (Zα + Zβ)2 P1 (1 – 
P1) + P2 (1–P2)/(P1 – P2)2 where  Zα and  Zβ are 
standard Normal values corresponding to the 95% 
confidence interval (1.96) and power of 90% (1.28) 
respectively; and P1 is the proportion of patients 
with parasite clearance at Day 14 by Coartem® 
(99%) (3); P2 the corresponding proportion for 
Lapdap® (81.5%) [10]. 
 
Data analysis 

The data was analyzed using the Statistical 
Package for Social Sciences (SPSS Version 10.1). 
At analysis, baseline characteristics in the two 
groups were compared, and relative risks (and 
their 95% confidence limits) were calculated. The 
proportion of early and late treatment failures, 
relapses and adverse effects were compared. The 
mean fever and parasite clearance times for the 
two groups were compared using the Student t-
test.  Analysis was by intention to treat.    
 
Results 

Three hundred seventy-nine patients were 
screened from January-May 2006. Of these, 128 
with positive thick blood smears for uncomplicated 
Plasmodium falciparum malaria in pregnancy were 
found eligible for inclusion in the study. The other 
251 women were excluded as they had no malaria 
parasites, had used antimalarial drugs recently, or 
had infection with multiple species. Of the 128 
participants, 114 gave consent to participate in the 
study. These were enrolled and randomized to 
treatment with either Lapdap® or Coartem® (58 
per group, for whom only 50 had assessment of 
the primary and secondary end-points). Three 
developed severe malaria and were excluded from 
the study, while two in each arm were lost to follow 
up.   
 
Baseline characteristics 

The commonest presenting symptoms were 
headache (92.7%) and joint pains (65.5%), 
generalized body weakness (80%), vomiting or 
nausea (50%) and muscle aches (38.2%). Thirty-
one (28.2%) patients had temperatures greater 
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than 37.5oC and 26 (23.6%) patients had mild 
jaundice. Sixty-one participants (55.5%) had taken 
some form of treatment prior to enrollment: 
antipyretics 24 (23.6%) versus 18 (32.7%) for the 
Coartem® group and the Lapdap® group 
respectively, while all were on hematinics. Table 1 
shows the baseline characteristics of the 
participants, whose difference was not statistically 
significant. The mean age of the participants was 
23.60 ± 5.20 for the Coartem® group compared to 
23.50 ± 5.30 for the Lapdap® group. The mean 
gestation age was 28.9 ± 5.4 weeks for the 
Coartem® group compared to 27.3 ± 6.3 weeks for 
the Lapdap® group.  
 
Table 1.  Baseline Socio-demographic Characteristics, 
Clinical Features and Laboratory characteristics of the 
Study Patients. 

 
Coartem® 

(n = 57) 
(%) 

Lapdap® 
(n = 57) 

(%) 
p 

Education Level 
No formal education 
Primary 
Secondary 
Tertiary 

 
2   (3.6) 

27   (45.5) 
27   (49.1) 

1   (1.8) 

 
1   (1.8) 

26   (47.3) 
30  (50.9) 

- 

0.897 

Parity 
Prime gravida 
Secondigravidae 
3 and above 

 
18   (32.7) 
14   (25.5) 
25   (41.8) 

 
24  (40.0) 
10  (18.2) 
23   (41.8) 

0.423 

†Age (years) 23.5 ± 5.29 23.6 ± 5.20 0.678 
Median Temperature 
at enrolment into 
study (oC) 

36.9 36.6 0.780 

†Mean 
Parasitaemia/µl 24900.0 ± 3368.2 305716 ± 4227.2 0.238 

Gestational Age 
13 – 26 
27 – 39 

 
16  (25.5) 
41  (74.5) 

 
23  (41.8) 
34  (58.2) 

0.098 

Headache 
Yes 
No 

50  (90.9) 
5  (9.1) 

 
52   (94.5) 

3   (5.5) 
0.562 

Nausea or Vomiting 
Yes 
No 

 
28   (66.5) 
27   (34.5) 

 
27   (65.5) 
28   (34.5) 

0.365 

Joint Pains 
Yes 
No 

 
36   (65.5) 
19   (34.5) 

 
36  (65.5) 
19  (34.5) 

0.235 

Jaundice (Mild) 
Yes 
No 

 
10   (29.1) 
45   (70.9) 

 
16   (18.2) 
39   (81.8) 

0.235 

† Mean ± standard deviation; t-test used. 
 
Follow-up and Treatment Outcomes 

Three participants (two and one in the 
Lapdap® and Coartem® arms respectively) 
developed severe malaria and were given quinine 
therapy, while ten (five from each treatment arm) 
were lost to follow-up. For all participants, renal 
and liver function tests remained within normal 
range by Day 28 of follow-up. Other than the 3 
who developed severe malaria, no severe adverse 
events were reported by any participant. By Day 2, 

there were 13 participants (23.6%) on Lapdap® 
who had fever (one had hyperpyrexia with a 
temperature of 40.3oC and was given parenteral 
Quinine). None reported fever by Day 7. For the 
Coartem® arm, 5 (9.1%) participants reported 
fever by Day 2, though by Day 7 none reported 
fever. Mean fever clearance time was 2.1 days 
and 2.4 days for Lapdap® and Coartem® 
respectively (p-value 0.087). Participants who 
received Coartem® had parasites cleared from 
their blood faster than those on Lapdap®, such 
that by Day 2, all except one had no parasitaemia. 
Of participants who received Lapdap®, four had 
not cleared parasitaemia by Day 2, though by 
Days 7, 14 and 28, none had parasitaemia. Mean 
parasite clearance time for Coartem® and 
Lapdap® was 2.2 and 2.4 days respectively 
(difference not statistically significant) (Table 2).  
 
Table 2.  Fever and parasite clearance by Lapdap®® 
and Coartem®®†. 
Variable Coartem® 

n      (%) 
Lapdap® 
n    (%) 

Risk 
ratio 

95%CI 

Fever 
Clearance 
Day 2 
Yes (n=87) 
No (n=18) 
 
Day 7 
Yes (n=98) 
No (n=2) 
 
Day 14 
Yes (n=97) 
No (n=0) 

 
 
 

47  (85.5) 
5   (14.5) 

 
 

49  (89.1) 
0  (0.0) 

 
 

48 (87.3) 

 
 
 

40  (72.7) 
13  (27.3) 

 
 

49  (89.1) 
2  (3.6) 

 
 

49  (89.1) 
 

 
 
 

1.94 
 
 
 

1.00 
 
 
 

0.92 

 
 
 

0.90-4.20 
 
 
 

0.50-1.92 
 
 
 

0.53-1.58 

Parasite 
clearance 
Day 2 
Yes (n=97) 
No (n=7) 
 
Day 7 
Yes (n=98) 
No (n=1) 
 
Day 14 
Yes (n=97) 
No (n=1) 
 
Day 28 
Yes (n=98) 
No (n=0) 

 
 
 

49 (89.1) 
3 (5.4) 

 
 

40 (72.7) 
0 (0.0) 

 
 

48 (87.3) 
1 (1.8) 

 
 

49 (100.0) 
0 (0.0) 

 
 
 

48 (87.3) 
4 (7.21) 

 
 

48 (87.3) 
1 (1.8) 

 
 

49 (89.1) 
0 (0.0) 

 
 
49 (100.0) 

0 (0.0) 

 
 
 

1.18 
 
 
 

__ 
 
 
 

__ 
 
 
 

__ 

 
 
 

0.49-2.84 
 
 
 

__ 
 
 
 

__ 
 
 
 

__ 
 

† Principle of intention to treat used in analysis. 

 
Of 114 participants enrolled, 10 were lost to 

follow-up and three developed severe malaria (and 
were given Quinine therapy). Adverse effects such 
as anaemia, dark-colored urine or cyanosis were 
not observed in the Lapdap® arm and only 
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vomiting (1), diarrhoea (1) and palpitations (1) 
were reported. In the Coartem® arm, the reported 
adverse effects were palpitations (4), dizziness (1), 
drowsiness (1) and generalized skin rash (1). 
 
Discussion 

There was no statistically significant difference 
in clinical and parasitological response of 
uncomplicated malaria in pregnancy to treatment 
with Coartem® or Lapdap® and both drugs were 
well tolerated. The findings are comparable to 
studies among pregnant women in which a short 
fever and parasite clearance times for Lapdap® 
[10,12] and Artemether-Lumefantrine [13] were 
demonstrated. The faster parasite clearance time 
by Coartem® could be due to the Artemether 
component of the drug, which causes rapid initial 
parasite clearance, with clearance times for fever, 
parasite ands gametocytes shorter than those of 
other antimalarials [13].  

All participants completed their 3-day course of 
both drugs, which concurs with an adherence 
study done in children in Mbarara, Uganda, in 
which good patient compliance with the 6-dose 
regimen of Coartem® [14] was reported. Both 
treatments were well tolerated and no serious 
adverse events were reported.  

Chlorproguanil (a derivative of Proguanil) is 
considered safe during pregnancy [10,12,15-19]. 
Dapsone has been extensively used in pregnant 
women with leprosy, without adverse effects [20]. 
Many Coartem® tablets are required to complete 
the treatment dose. Failure to complete the course 
could lead to development of resistance. In 
contrast, Lapdap® with a shorter half-life has a low 
propensity to select resistant parasites. As a 
limitation, participants were followed for only 28 
days, so later complications after this period or late 
pregnancy outcomes such as preterm labour, 
congenital malformations and low birth weight 
were not assessed. However, in the literature, no 
studies have reported any such events as a result 
of either Coartem® or Lapdap® or the component 
drugs. Therefore, while we acknowledge this 
limitation, we believe Lapdap® should be 
considered a safe and effective alternative to ACT 
in the treatment of uncomplicated malaria in 
pregnancy during the second and third trimesters. 
A larger study with a longer duration of follow-up 
should be conducted to assess parasite clearance 
up to Day 42 since Coartem® has a long half-life. 

Artemether-Lumefantrine and Chlorproguanil-
Dapsone have high and comparable cure rates 
and tolerability when used for treatment of 
uncomplicated malaria in pregnancy.   
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