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ABSTRACT
Background:  In 2005, following several years of de-
clining efficacy of chloroquine, the Ministry of Health
recommended the use of Amodiaquine/Artesunate 
combination therapy for the treatment of uncompli-
cated malaria.  A system of continuous monitoring of 
therapeutic responses has been established in 10 district 
hospitals across the country.  The data gathered will 
enable National Malaria Control Programme (NMCP)
to respond to changes in the efficacy of the new treat-
ment in a timely manner. 
Objectives:  To determine the 28 day therapeutic effi-
cacy of Amodiaquine/Artesunate (AQ/AS) combina-
tion treatment in children with uncomplicated malaria 
in Ghana.  
Methods:  Children aged 6 – 59 months attending 
clinic with signs/symptoms of uncomplicated malaria 
at 9 district hospitals (3 in each of the 3 eco-
epidemiological zones of the country) were eligible for 
enrolment.  Enrolled children were followed up after 
treatment for a total of 28 days to record the clinical 
and parasitological resolution of their malaria episode 
as well as any adverse drug reactions.  
Results:  Treatment resulted in rapid and complete 
cure in almost all the children; 99.3% 14 days after 
treatment and 93.0%, 28 days after treatment.  The 
majority of treatment failures on D28 were seen in the 
3 sites located in the forest zones (Sunyani, Bekwai 
and Begoro).  There was no case of Early Treatment 
Failure at both D14 and D28 assessments.  Adverse 
events (AE’s) were minimal, less than 4%, with the 
most common complaint being vomiting. 
Conclusion:  AQ/AS combination for uncomplicated 
malaria is efficacious and safe in children less than 5 
years.  

Keywords: Efficacy, Artemisinin-based Combination 
Therapy (ACTs), Uncomplicated malaria, Artesunate, 
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INTRODUCTION 
Malaria remains a major cause of morbidity and mor-
tality in Ghana, accounting for approximately 50% of 
Out Patient attendances and 20% of deaths in children 
under 5 years.1 Malaria control in Ghana relies on early 
and prompt treatment of suspected cases (fevers), a 
strategy threatened by the emergence and spread of 
Plasmodium falciparum resistance to commonly used 
animalaria drugs such as chloroquine and sulfadox-
ine/pyrimethamine (first and second line antimalaria 
drugs prior to 2005).  Such resistance has contributed 
to increase in child mortality in some countries.2

  
Chloroquine resistance was first reported in Ghana in 
1986 and gradually increased3, 4, 5 so that by 2003 para-
sitological responses to chloroquine were less than 
50% in some areas of the country.5 Similar studies on 
the efficacy of sulfadoxine/pyrimethamine (SP) have 
shown 0-36% of RII resistance and 0-9% of RIII resis-
tance.6,7 This pattern of P. falciparum resistance to 
chloroquine and other commonly used mono-therapies 
has become widespread in sub-Sahara Africa.8,9,10   

The World Health Organization recently recommended 
the use of arteminisin-based combination therapy 
(ACT) for the treatment of uncomplicated P. falcipa-
rum malaria.  It is believed that this will provide effec-
tive treatment against P. falciparum malaria and slow 
down the spread of drug resistance.11 Artemisinin com-
pounds when used in combination with a longer acting 
antimalarial rapidly reduce parasite densities to low 
levels at a time when drug levels of the longer acting 
drug are still maximal, thereby reducing the likelihood
of parasites being exposed to suboptimal levels of the 
longer acting drug and limiting the emergence of resis-
tant strains.12

The National Malaria Control Programme, (NMCP) 
after a thorough examination of the available evidence 
and, in consultation with stake holders recommended 
the use of Amodiaquine/Artesunate (AQ/AS) for the 
treatment of uncomplicated malaria in the country be-
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ginning January 1st 2005.  The new treatment was 
rolled out to the regions and districts during the first 
half of 2005.  In order not to be caught unawares re-
garding changes in parasite susceptibility to the drug, 
the sentinel sites used in collecting data on the declin-
ing efficacy of chloroquine were maintained and in-
creased to 10 to provide continuous data on the re-
sponses to treatment. In September 2005 a programme 
to monitor the new treatment at 9 out of the 10 sentinel 
sites across the country was instituted. The primary 
objective was to determine the therapeutic efficacy of 
the AQ/AS in the treatment of uncomplicated malaria 
in children less than 5 years of age and to set up a sys-
tem of data collection on the efficacy of the new treat-
ment to guide the NMCP in its continuous evaluation 
of the treatment policy.  This report is a preliminary 
analysis of the data on therapeutic efficacy of AQ/AS
obtained from the sentinel sites between September 
2005 and December 2006.  

SUBJECTS AND METHODS
Study sites and population
The study was conducted at nine district hospitals 
across the country namely, Begoro, Bekwai, Cape 
Coast, Navrongo, Prampram, Sunyani, Tarkwa, Wa 
and.Yendi (Figure 1).   

Figure 1 Map of Ghana showing the 9 study districts 
(shaded green)

A tenth site, Hohoe, did not provide data because of an 
ongoing randomized trial in the district.  These sites 
were chosen in order that we obtained data from all 3 
eco-epidemiological zones of the country.

Children aged 6–59 months presenting at the Out-
Patient Department (OPD) of a study site clinic with 
symptoms and signs suggestive of malaria were re-
viewed by the study nurse.  Once a clinical diagnosis of 
malaria was made, a blood sample was drawn for 
smear for malaria parasites and to determine the hae-
moglobin level.  Children meeting the inclusion crite-
ria, detailed below, were recruited into the study and 
followed up for a minimum of 14 days and a maximum 
of 28 days.

Inclusion Criteria
Axillary temperature >= 37.50C
Mono infection with P. falciparum 
Parasite count ranging between 2x103 and 200x103 per 
l 
Haemoglobin level > 5g/dl
No severe malaria
Parental informed consent

Malaria was diagnosed by light microscopy of thick 
and thin blood smears.  The thick and thin blood 
smears were stained with 3% Giemsa for 30 minutes. 
Parasite density was determined by counting the num-
ber of asexual parasites per 200 white blood cells, and 
calculated per µL assuming a white blood cell count of 
8000 cells per µL. Sexual parasite count was done per 
1,000 white blood cells. A smear was declared negative 
when the examination of 100 thick-film fields did not 
reveal the presence of asexual parasites. Quality con-
trol checks were performed on a random 10% sample 
of blood films, examined at an independent site. 

Children received 10mg/kg body weight of AQ daily 
and 4mg/kg of AS daily (given as a single dose) over 3 
days.  All treatments were given under direct observa-
tion and children were observed for 30minutes after 
drug administration to ensure that they retained the 
medication.  Children who vomited within the 30 min-
ute observation period received a repeated full dose of 
the medication.  Patients with repeated vomiting were 
excluded from the study. All patients were allowed use 
of antipyretics.  The rescue drug used was Quinine 
given orally according to national treatment guidelines.   
Patients who showed signs/symptoms of severe ma-
laria, had serious adverse events or required blood 
transfusion were withdrawn.

Children were followed up at the OPD on days 1, 2, 3, 
7, 14, 21, and 28 after treatment (day of treatment was 
counted as Day 0) with a morbidity questionnaire as 
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well as a physical examination.  Information on symp-
toms, temperature, and pulse rate were recorded on the 
Case Record Form (CRF). Parasitaemia levels (asexual 
and sexual) were assessed on each follow-up day and 
on any day the child had fever. Filter paper blood blots 
were obtained on day 0, and at recurrence of parasi-
taemia for PCR genotyping, and using merozoite sur-
face proteins 1 and 2 (MSP1, MSP2), and glutamate-
rich protein (GLURP) to distinguish between re-
infection and recrudescence (To be analysed and re-
ported in final paper). 

Data Analysis
Clinical responses on Day 14 and Day 28 were classi-
fied based on the WHO 2002 criteria, as : Early Treat-
ment Failure (ETF), Late Clinical Failure (LCF), Late 
Parasitological Failure (LPF) or Adequate Clinical and 
Parasitological Response (ACPR).13   Trends for fever 
and parasite clearance, as well as haematological re-
sponses, were also analysed.

Ethics
The Institutional Review Board of the Noguchi Memo-
rial Institute for Medical Research, University of 
Ghana, reviewed and approved the study. Each 
mother/care giver was informed of the objectives, 
methods, anticipated benefits and potential hazards of 
the study. They were also informed that they were at 
liberty to withdraw their children from the study at any 
time without penalty. In particular, mothers/care givers
were informed that the treatment the child would re-
ceive was not dependent on whether or not the child 
participated in the study.

RESULTS
Baseline characteristics
Of the 1193 children screened, 545 (45.7%) qualified 
to be enrolled into the study, of whom 540 (99.1%) 
reached a study endpoint.  Five hundred and six 
(92.8%) were assessed on Day 14 and 498 (91.4%) on 
Day 28 days.   The majority of children who did not 
complete study procedures had travelled out of the 
study area (73%) and in substantial number of these;
this prevented them from completing the full course of 
treatment.  The median age of study children was 26
months and the male: female ratio was 1:1.  The geo-
metric mean parasite density (min, max) at enrolment 
was 35,793/μl (167: 881,765). 

Primary outcomes 
Amodiaquine/Artesunate combination gave good clini-
cal and parasitological cure rates at all the study sites.  
Adequate Clinical and Parasitological Response
(ACPR) (95% CI) on Day 28 was 92.8% (90.1, 94.9) 
and varied from 87% in Begoro to 100% in Tarkwa. 
There was no case of Early Treatment Failure (ETF). 

Late Clinical Failure (LCF) and Late Parasitological 
Failure (LPF) accounted for 2.7% (1.5, 4.6) and 4.5% 
(2.9, 6.8), respectively, of all the treatment outcomes 
(Table 1). There was no difference in the cure rates 
between young children (less than 24 months) and 
those older than 24 months or among males and fe-
males.  Assessed at 14 days post treatment, only 1% of 
children failed treatment (1 case of LCF and 3 cases of 
LPF seen at Bekwai, Cape Coast and Wa) (Table 2).  

Secondary outcomes
The resolution of fever was rapid after commencement 
of treatment with only 2% being febrile at Day 2. Para-
site clearance was also rapid, and rates of clearance 
remained high after treatment. Only 4.2% of children 
were found to have asexual parasites 28 days after 
commencement of treatment.  Both fever resolution 
and parasite clearance rates did not differ by study site 
or gender.

There were significant improvements in the mean hae-
moglobin (Hb) concentration 14 and 28 days post 
treatment over the enrolment mean Hb.  Overall, the 
mean Hb at enrolment, 9.58 (9.41, 9.75) improved to 
10.15 (10.0, 10.3) on Day 14 (p < 0.01), and to 10.96 
(10.82, 11.09) on Day 28 (p < 0.001) among study sub-
jects.  This improvement was also seen among the 
various treatment outcome groups, with the greatest 
improvement seen in those who had Adequate Clinical 
and Parasitological Response.  However, at each follow 
up visit, there were no significant differences in the 
mean Hb concentrations between the various treatment 
outcome groups (Table 3).

Safety of treatment regimen
There were 21 episodes of vomiting seen in 12 children 
within 72 hours after any treatment.  All episodes oc-
curred outside the 30 minute observation period after 
treatment and therefore did not warrant removal of the 
children from the study.  No other adverse events were 
reported.  

DISCUSSION
Following the reports and documentation of reduced 
efficacy of chloroquine in the treatment of uncompli-
cated malaria in the late 1990’s and the first half of this 
decade3,5, the National Malaria Control Programme 
(NMCP), recommended the use of AQ/AS combination 
therapy for the treatment of uncomplicated malaria in 
2005.    

We show in this preliminary report that AQ/AS combi-
nation therapy, resulted in rapid, high clinical and para-
sitological cure rates in children in the first full year of 
implementation. Almost all children monitored 
(99.8%) had cleared their parasites by Day 3  and the 
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cure rates remained at more than 90% throughout the 
28 days of follow up.   The treatment was effective at
all the study sites and did not differ by gender.  The 
reported treatment responses compares very well with 

previous reports on the use of AQ/AS combination 
therapy in several clinical trials conducted on the con-
tinent before the introduction of the treatment regime 
in Ghana.14, 15

Table 1.  Clinical and Parasitological Responses 28 days post treatment

District

Clinical and Parasitological Responses

TotalACPR

N (%)

LCF

N    (%)

LPF

N   (%)

Begoro 60 (87.0%) 4 (5.8%) 5 (7.2%) 69

Bekwai 62 (87.4%) 5 (7.0%) 4 (5.6%) 71

Cape Coast 73 (96.1%) 1 (1.3%) 2 (2.6%) 76

Navrongo 79 (98.7%) 0 (0%) 1 (1.3%) 80

Prampram 10 (100%) 0 (0%) 0 (0%) 10

Sunyani 37 (97.4%) 0 (0%) 1 (2.6%) 38

Tarkwa 4 (100%) 0 (0%) 0 (0%) 4

Wa 66 (88.0%) 4 (5.3%) 5 (6.7%) 75

Yendi 72 (96.1%) 1 (1.3%) 2 (2.6%) 75

Total 463 (93.0%) 15 (3.0%) 20 (4.0%) 498

Table 2.  Clinical and Parasitological Responses 14 days post treatment

District

Clinical and Parasitological Responses

TotalACPR

N   (%)

LCF

N    (%)

LPF

N   (%)

Begoro 69 (98.6%) 1 (1.4%) 0 (0%) 70

Bekwai 71 (98.6%) 1 (1.4%) 0 (0%) 72

Cape Coast 77 (98.7%) 1 (1.3%) 0 (0%) 78

Navrongo 80 (100%) 0 (0%) 0 (0%) 80

Prampram 11 (100%) 0 (0%) 0 (0%) 11

Sunyani 40 (100%) 0 (0%) 0 (0%) 40

Tarkwa 4 100.0%) 0 (0%) 0 (0%) 4

Wa 73 (97.3%) 2 (2.7%) 0 (0%) 75

Yendi 76 (100%) 0 (0%) 0 (0%) 76

Total 501 (99.0%) 5 (1.0%) 0 (0%) 506
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Table 3 Treatment responses and changes in mean Haemoglobin concentration

Day of Observation Therapeutic Response

LCF
N = 12

LPF
N = 20

ACPR
N = 446

P value

D0 Mean (95% CI) 9.35 (8.20, 10.50) 9.77 (9.07, 10.47) 9.58 (9.40, 9.75) NS

D14 Mean (95% CI) 10.0 (9.07, 10.93) 10.13 (9.44, 10.81) 10.16 (10.0, 10.31) NS

D28 Mean (95% CI) 10.7 (9.37, 12.03) 10.92 (10.13, 11.71) 10.96 (10.82, 11.10) NS

This report shows that the improved efficacies reported 
in those trials still persist and the current regimen 
should provide improved outcomes following treatment 
of uncomplicated malaria.  Haematological recovery 
was significantly improved in all children following 
treatment.  This may be attributed to the rapid clear-
ance of parasites, and thus, relieving the pressure on 
both red blood cells and the bone marrow resulting 
from the infection.16 The relatively quick action of the 
combination, complete clearance of parasitaemia in 
more than 99% of children treated, if combined with a 
programme of judicious use of the treatment regimen, 
should slow the emergence of resistance parasites 
overall.
    
There is the need for the continued monitoring of 
treatment responses in the country in order to detect 
early cases of treatment failure.  The 28 day monitoring 
is laborious and difficult to interpret in high transmis-
sion areas such as Ghana.  Consideration should there-
fore be given to developing simplified surveillance 
protocols to enable the NMCP obtain good but credible 
data from routine reports from the clinics.  A system-
atic reading of smears on D3 for example should be 
able to quickly inform the programme of problems if 
responses fall substantially below the current rate of 
99%.  Indeed such abbreviated protocol has recently 
been proposed for the malaria control programme in 
Colombia.17   

In conclusion, there is evidence to show that a year 
after the roll out of the new treatment programme, the 
response to treatment is very good, the drug effects 
quick parasite clearance and provides improved haema-
tological recovery, and the safety profile remains good 
among children.  Since more than 90% of clinical cases 
occur in children, the choice of AQ/AS for the treat-
ment of uncomplicated malaria is well grounded.
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