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ABSTRACT 

Background: Malaria is still one of the leading causes of mortality among under-

five year’s children in sub-Saharan Africa despite efforts to control it. It affects 

mostly pregnant women and children under the age of five years in Africa. In 2010, 

an estimated 216 million cases of malaria were reported worldwide, eighty-one per 

cent of which were in the African region. To improve treatment of the malaria cases, 

artemisinin based combination therapies (ACTs) are being used worldwide. The 

Malawi Ministry of Health introduced Artemether-lumefantrine (AL) as first-line 

drug in the treatment of uncomplicated malaria in 2007, replacing Sulfadoxine-

pyrimethermine. Continuous monitoring is needed after introduction of these new 

drugs to deliver appropriate information on trends of their efficacy and safety. 

Objective: This study aimed to determine the efficacy and safety of AL as treatment 

for uncomplicated plasmodium falciparum malaria among six to fifty-nine months 

old Malawian children. 

Methods: This was a prospective study of children 6 to 59 months old treated with 

AL after presenting to the outpatient department with uncomplicated malaria in six 

health facilities in Malawi. The children were followed up on days 1, 2, 3, 7, 14, 21 

and 28 days post-treatment and assessed for clinical and parasitological responses. 

The Kaplan Meier survival estimate was used to measure the efficacy of AL by 

calculating the cumulative risk of failure at day 28. 

Results: A total of 322 children were recruited into the study across the six sites. The 

overall intention-to-treat (ITT) Polymerase Chain Reaction (PCR)-corrected cure rate 

was 93.4%. Per protocol overall PCR- corrected cure rate of 92% (95% CI: 88, 95) 

with PCR-corrected cure rates for the study sites were; Karonga 98.0%, Kawale 

97.4%, Machinga 90.2%, Mangochi 95.4% and Rumphi 91.3%. Nkhotakota study 

site had the lowest cure rate of 78%. 

Conclusion: There is evidence of good efficacy of AL in Malawi notwithstanding 

geographical contrasts and this supports the continued use of AL as the first-line drug 

for uncomplicated malaria. However there may be need to further investigate the 

comparatively low efficacy rate found in Nkhotakota district in order to identify 

possible determinants of treatment failure.  
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CHAPTER 1:  INTRODUCTION 

1.1 Background 

Malaria is still one of the leading causes of mortality among under-five year-old 

children in sub-Saharan Africa despite efforts to control it (Houetol et al., 2007). It 

affects mostly pregnant women and children under the age of five years in Africa. In 

2010, an estimated 216 million cases of malaria were reported worldwide, 174 

million (81%) of which were in the African region and deaths due to malaria were 

approximately 655 000 of which ninety-one per cent were in Africa (World Health 

Organisation, 2011). This increase in malaria episodes and deaths has prompted 

many countries worldwide to follow recommendations made by the World Health 

Organisation (WHO) global strategy for malaria control on the use of Artemisinin 

based Combination Therapies (ACTs) to improve malaria treatment.  

Artemether-lumefantrine (AL) was introduced by Malawi Ministry of Health as first-

line drug in the treatment of uncomplicated malaria in 2007 replacing Sulfadoxine-

pyrimethermine (SP). Continuous monitoring is needed after introduction of these 

new drugs to deliver appropriate information on trends of their efficacy and safety 

thereby improving timely evidence-based decision making by the National Malaria 

Control Programme (Abuaku et al., 2012).  

1.2 Epidemiology of Malaria  

Worldwide  

Malaria is a major concern worldwide. In 2010, deaths due to malaria had decreased 

to 1 238 000 from 1 817 00 in 2004 globally and this decrease of malaria mortality 

worldwide showed the importance in scaling up of control interventions (Murray et 

al., 2012). The relationship between morbidity and mortality rate declines and the 

funding per individuals predisposed to malaria propose opportunities to capitalize on 

donor funding influence, by strategically prioritising countries with greater need 
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(Korenromp et a.l, 2013). In addition, prioritising the update of malaria endemic 

global maps would provide reliable measures of vulnerable populations at regional 

level that could contribute to the reduction of global malaria disease burden estimates 

(Hay et al., 2004).   

Malawi 

About six million episodes of malaria are estimated to occur annually in Malawi 

(Health Management Information Systems (HMIS), 2011). Symptomatic episodes of 

malaria were estimated at 3,709,572 among children under the age of five years old 

in 2005, and this was based on the incidence rate of 1.4 episodes of malaria per year 

(Muula et al., 2007). According to microscopy testing results, the prevalence of 

malaria was twenty eight per cent among six to fifty nine months old children 

(Ministry of Health, 2012). Plasmodium falciparum accounts for ninety-eight per 

cent of all malaria infections in Malawi with the remaining two per cent caused by 

other species of mosquitoes (anopheles gambia, eanopheles arabiensis and 

anopheles funestus). Among those people over the age of five years old, the 

treatment policy emphasizes confirmatory test for malaria before treatment and this 

has not yet been fully implemented especially at community level. Children under 

the age of five years are treated presumptively according to Integrated Management 

for Childhood Illnesses guidelines in Malawi. This is a result of having limited 

resources for laboratory confirmation of malaria due to few human resource, little 

infrastructure and few material resources. Presumptive treatment of uncomplicated 

malaria can lead to resistance of AL which might pose a problem in Malawi. 

1.3 Artemisinin based Combination Therapies (ACTs) 

The current first-line antimalarial drugs are fixed dose ACTs and are presumed to be 

active against all forms of Plasmodium known as falciparum, vivax, malariae, ovale 
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and knowlesi (Anthony et al., 2012). The fixed dose ACTs are as follows: AL, 

Artesunate-amodiaquine, Pyronaridine-artesunate, Mefloquine-artesunate, 

Dihydroartemisinin-piperaquine and Artesunate plus Sulfadoxine-pyrimethermine. 

Malawi has AL as first-line treatment while Amodiaquine-artesunate is second-line 

treatment for uncomplicated malaria. A therapeutic efficacy study in Ghana showed 

that AL is still efficacious with significant ecologic zone differences (Abuaku et al., 

2012). Similarly, Tanzania also showed high efficacy of AL with 100 per cent cure 

rate (Joseph et al., 2013).  

1.4 Malaria disease control 

Worldwide 

Controlling malaria infections globally is very important. Some countries have been 

classified as free from malaria while other countries have been classified as moving 

towards malaria elimination and other countries classified as having interventions 

towards the control of malaria. Passive surveillance systems are a basis for detection 

and gathering epidemiological data among countries that are aiming at malaria 

disease control (Barclay et al., 2012). Countries concentrating on the elimination of 

malaria are characterised by having areas that are considerably free of malaria. They 

are situated along the geographical margins of the disease and the overall burden of 

malaria has been significantly reduced in these countries (Cotter et al., 2013). 

Countries targeting to eliminate malaria also possess the national evidence-based aim 

for implementing strategies for malaria elimination (Feachem et al., 2010). The Asia 

Pacific region is moving toward malaria elimination through the Asia Pacific Malaria 

Elimination Network (APMEN). In 2012, a fourth annual meeting was held in Seoul 

where APMEN planned on setting priority for stopping the spread of artemisinin 

resistance in the next two years by ensuring a free plasmodium falciparum Mekong 
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Delta (Gosling et al., 2012). Many countries in Africa though, including Malawi are 

working towards controlling of malaria. 

Malawi 

Prevention and control of malaria is very important since this might help in the 

reduction of malaria burden in Malawi. The Malawi malaria strategic plan for the 

years 2011 to 2015 aims at moving towards universal coverage of malaria 

interventions (MOH, 2010). These interventions include integrated vector 

management, improvement in malaria diagnosis and case management, providing 

malaria preventive services in pregnancy, and the establishment of monitoring and 

evaluation systems. Management of malaria depends on prompt diagnosis and 

treatment with the right effective antimalarial drugs. The use of insecticide treated 

bed nets and indoor residual spraying in order to control and manage mosquitoes by 

preventing malaria infections to people at risk is another way to manage the spread 

of malaria. Through the provision of malaria prevention services to pregnant women, 

Malawi has implemented the distribution of free insecticide treated nets to pregnant 

women. This is because with their suppressed immunity, pregnant women are more 

vulnerable to malaria infections. Providing pregnant women with intermittent 

preventive treatment (IPTp) which involves at least two doses of SP during the 

second and third trimester is important. This is because SP prophylaxis aims to 

protect the mother and the unborn infant from malaria that may result in low birth 

weight babies and other problems. Children under the age of five years also receive 

free insecticide treated nets (ITNs) due to high malaria prevalence and mortality 

among this group. Prescribing Cotrimoxazole prophylaxis treatment to HIV infected 

people is another intervention to help in the prevention of malaria infections and 

other diseases since they are vulnerable people to different opportunistic infections. 
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1.5 Antimalarial Drug Resistance  

Chloroquine drug resistance to malaria parasites led to Malawi being the first country 

in Africa to change from Chloroquine to SP as first-line treatment for uncomplicated 

malaria in 1993. Eventually SP succumbed to high levels of resistance and this 

prompted the Malawi Ministry of Health changing to AL in 2007, as the first-line 

drug for the treatment of uncomplicated malaria. Drug resistance has a negative 

impact on the control of malaria. There has been evidence of resistance of ACTs in 

countries of greater Mekong sub-region like Cambodia, Thailand, Vietnam (WHO, 

2012) while some countries in Africa show high efficacy. Delayed parasite clearance 

is a sign of artemisinin resistance (Noedl et al., 2008).  

The WHO Global Plan for Artemisinin Resistance Containment (GPARC) aims to 

protect artemisinin based combination therapies from resistance through the stopping 

of resistance parasites from spreading especially in areas where there is evidence of 

resistance to artemisinin based combination therapies, improvement of access to 

accurate diagnosis and treatment and also mobilisation of resources. Monitoring and 

surveillance of antimalarial drugs every 24 months through sentinel sites to observe 

any change in efficacy of these drugs would help in containment of antimalarial drug 

resistance. WHO also recommends conducting research in ACTs resistance for 

proper management and understanding of the resistance (WHO, 2012).   

1.6 Statement of the problem  

The objective of the Malawi National Malaria Control strategic plan for 2011 to 2015 

is to at-least have eighty per cent of patients receiving prompt and effective treatment 

within twenty-four hours of confirmed malaria diagnosis (MOH, 2010). Since the 

change of the malaria treatment policy in 2007, AL has been first-line treatment, 
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while the second-line treatment is Amodiaquine-artesunate and Quinine used as 

treatment for severe cases in Malawi (MOH, 2010).  

However, this study was conducted to determine AL efficacy in under-five children. 

Poor monitoring could lead to resistance of AL, which might pose a problem in 

Malawi thereby hindering Millennium Development Goal (MDG) number six that 

aims at combating HIV/AIDS, malaria and other diseases. The MDG number six 

target is to stop and begin to reverse the incidence of malaria and other major 

diseases by 2015 (MDG Report, 2012).  

1.7 Rationale of the study  

WHO recommends that countries that have implemented the use of ACTs for the 

treatment of uncomplicated malaria should carry out therapeutic efficacy studies 

every two years to help in guiding antimalarial drug policy change. Therefore there is 

need to determine the efficacy and safety of AL in the treatment of uncomplicated 

malaria among Malawian children. Continuous monitoring on the efficacy of AL as 

the first-line drug in the treatment of uncomplicated malaria will help in the 

improvement of malaria prevention and control strategies through the change of 

malaria control policies. 

  



7 

 

CHAPTER 2:  RESEARCH QUESTIONS AND AIMS 

2.1 Research questions  

a) What is the efficacy and safety of AL as treatment for uncomplicated 

plasmodium falciparum malaria among six to fifty-nine months old Malawian 

children?  

b) Is there a difference between the study sites in efficacy of AL as a treatment 

for uncomplicated plasmodium falciparum malaria among six to fifty-nine 

months old Malawian children?    

2.2 Broad objective of the study  

The broad objective was to determine the efficacy and safety of AL in treating 

uncomplicated plasmodium falciparum malaria among six to fifty-nine months old 

Malawian children.  

2.3 Specific objectives  

Among children aged six to fifty-nine months suffering from uncomplicated 

plasmodium falciparum malaria to:  

i. Determine the clinical and parasitological efficacy of AL.  

ii. Determine the safety of AL.  

iii. Determine whether there is a difference between study sites in the efficacy 

and safety of AL.  
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CHAPTER 3:  METHODOLOGY 

3.1 Study setting  

The study took place in Malawi at these study sites: Rumphi, Mangochi, Nkhotakota, 

Machinga, Lilongwe (Kawale) and Karonga. Malawi is in south-eastern Africa 

approximately 900 kilometres in length and with an area of 118, 486 square 

kilometres in total, 94,276 of which is land. The rest of the area is covered by water, 

mainly Lake Malawi (475 kilometres long) which marks the eastern border between 

Malawi and Mozambique. Mozambique also borders Malawi in the south as well as 

in the north together with Tanzania, while in the west Malawi borders Zambia. The 

climate is tropical-continental with some maritime influences and a rainy season 

varying between November and April. Malaria is endemic in Malawi, with a 

prevalence of twenty-eight per cent among children under five years of age (Malaria 

Indicator Survey, 2012). 

Karonga study site 

Karonga is a rural district situated in the northern region of Malawi. It has a wetter 

climate in the northern part as compared to the southern part of the district. This 

change in climate between the two parts of Karonga manifests by the difference in 

agriculture, disease epidemiology with a lot of Schistosomiasis in the northern part 

and different vegetation. The district marks borders with Lake Malawi and Tanzania. 

Kawale study site 

Kawale is situated in Lilongwe city. Lilongwe experiences a tropical warm climate 

with the lowest temperatures ranging from 3.5
 
degrees Celsius to 12.5 degrees 

Celsius around the month of July. The maximum temperatures may go up to 39 

degrees Celsius during the months of October and November. The district has three 

seasons; cool, dry and rainy seasons. The Cool Season normally starts from May to 



9 

 

July while the Dry Season starts from August to October and the Rainy Season 

ranging from November to April. 

Machinga study site 

Machinga district is located in the southern part of Malawi and it has a warm climate. 

The district shares borders with Zomba, Mangochi and Mozambique. The district has 

stable malaria transmission all year round and malaria transmission is highest during 

the rainy season. The Shire River passing through the district contributes to swampy 

areas that are a medium for mosquito breeding. Fishing and farming are the main 

sources of income among the people living in the district. The referral hospital for 

the catchment area is Machinga District Hospital. 

Mangochi study site 

Mangochi is a lake district and located in the Southern Region of Malawi. Highlands 

and hills disrupt the land of Mangochi district and distributed into two separate 

groups that are the rift valley and forested hilly areas, rising above the plains. The 

forested Hilly areas situate in the north-eastern part while the western part mostly 

consists of flat plains with isolated series of hills. The climate is warm tropical with 

mean temperatures of 18 degrees Celsius to 32 degrees Celsius. The temperatures 

might go as 40 degrees high in special circumstances. Because of many swampy 

areas that are breeding places for mosquitoes near Lake Malawi and Lake Malombe, 

Mangochi has a higher incidence of cases due to malaria and these cases are highest 

during the rainy season.  

Nkhotakota study site 

Nkhotakota district situated on the west coast of Lake Malawi is one of the districts 

found in the central part of Malawi. The district has flat land with a small slope 

surface towards Lake Malawi. The lake coast comprises of sandy beaches interrupted 
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by marsh areas. It has an average altitude of 1065.5 metres above sea level. The 

average maximum temperature is 28.7 degrees Celsius every month. Malaria is 

among the top ten diseases that cause morbidity in the district. 

Rumphi study site 

Rumphi district is also situated in the northern region of Malawi and shares borders 

with Karonga and Mzimba Districts. The people in the district practice farming with 

Maize and Tobacco being main agricultural crops. The climate ranges from hot 

weather near the lakeshore area and cool weather in the high areas of Viphya 

plateaux with the high areas experiencing a minimum of 1200mm of rainfall every 

year. Rumphi is sparsely populated with 169,112 estimated people living in the 

district (National Statistical Office, 2008). 

3.2 Study Population 

All children six to 59 months old, presenting with uncomplicated plasmodium 

falciparum malaria at the Under-five clinic in the selected study sites (Rumphi, 

Mangochi, Nkhotakota, Machinga, Kawale, and Karonga).  

3.3 Study Design and participant selection 

3.3.1 Data source 

This was a prospective study conducted between the months of March to June 2010 

aimed at monitoring the efficacy and safety of AL for the treatment of uncomplicated 

Plasmodium falciparum malaria in Malawian children. Study participants attending 

the hospital were screened when they came in to receive treatment. The inclusion 

criteria for the study were: children aged below five years old, presence of mono-

infection with Plasmodium falciparum detected by microscopy with parasitaemia 

density of 2,000-200,000/µl asexual forms, axillary temperature ≥ 37.5 °C or history 

of fever for the past 24 hours, children who were able to swallow oral medication, 
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guardians who were willing to return for weekly routine visits, unscheduled visits 

and planning to remain in the study area during the study and informed consent from 

the patient parent or guardian. The exclusion criteria for the study were: presence of 

general danger signs or severe plasmodium falciparum malaria in under the age of 

five years old children according to WHO classification, mixed or mono-infection 

with another Plasmodium species, presence of severe malnutrition (child growth 

standard below –3 z-score, or symmetrical oedema involving at least the feet or  mid-

upper arm circumference <110 mm), other diseases not malaria like measles, acute 

lower respiratory tract infection, severe diarrhoea with dehydration, cardiac, renal 

and hepatic diseases, regular medication, which might have interfered with 

antimalarial drugs pharmacokinetics and history of contraindications or 

hypersensitivity reactions to lumefantrine artemether. Patients enrolled into the study 

after meeting the inclusion criteria were given a personal identification number after 

signing informed consent. The study was conducted for a period of 28 days. Day 0 

was designed as the day patients were enrolled and received the first dose of 

antimalarial drugs. Patients underwent regular clinical reassessment. Blood films for 

parasite counts were taken on days 1, 2, 3 and 7 and then weekly for the remainder of 

the follow-up period on Days 14, 21 and 28. Patients were advised to return on any 

day during the follow-up period if symptoms recurred or became severe. All 322 

children enrolled in the study and received AL were included in the analysis of this 

study.   

3.3.2 Definition of Outcomes 

Treatment outcomes were classified based on an assessment of the parasitological 

and clinical outcomes of antimalarial treatment according to the guidelines of World 

Health Organization (WHO, 2005) as follows:  
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Early Treatment Failure 

This is defined as danger signs or severe malaria on day 1, 2 or 3 in the presence of 

parasitaemia, presence of parasitaemia on day 2 higher than on day 0, irrespective of 

axillary temperature, parasitaemia on day 3 with axillary temperature ≥ 37.5 ºC and 

presence of parasitaemia on day 3 ≥ 25% of count on day 0.  

Late clinical failure 

It is defined as danger signs or severe malaria in the presence of parasitaemia on any 

day between day 4 and day 28 in patients who did not previously meet any of the 

criteria of early treatment failure and presence of parasitaemia on any day between 

day 4 and day 28 with axillary temperature ≥ 37.5 ºC or history of fever in patients 

who did not previously meet any of the criteria of early treatment failure.  

Late parasitological failure 

It is defined as presence of parasitaemia on any day between day 7 and day 28 with 

axillary temperature < 37.5 ºC in patients who did not previously meet any of the 

criteria of early treatment failure or late clinical failure.  

Adequate clinical and parasitological response 

It is defined as absence of parasitaemia on day 28, irrespective of axillary 

temperature, in patients who did not previously meet any of the criteria of early 

treatment failure, late clinical failure or late parasitological failure.  

3.4 Statistical analysis 

Data sets were managed and analysed using STATA (STATACORP, version 12.0, 

College Station, Texas, USA) software. Both intention to treat analysis and per 

protocol analysis methods were used when analysing the data. Intention to treat 

analysis estimated the effect of the assigned treatment (AL). Per protocol analysis 

estimated the effect of adhering to the assigned treatment protocol. The primary 
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outcomes for the study were overall treatment success and overall treatment failure, 

adequate clinical parasitological response (ACPR), early treatment failure (ETF), late 

clinical failure (LCF) and late parasitological failure (LPF). The secondary outcomes 

were gametocyte carriage, parasitaemia and fever. A description of baseline 

characteristics of all participants involved in the study was presented. The Kaplan 

Meier method was used to measure the efficacy of AL by calculating the cumulative 

risk of failure at day 28.  Withdrawals and loss to follow up were censored by the 

Kaplan Meier analysis on day 28 at the end of the study. There was comparison 

among the study sites Rumphi, Mangochi, Nkhotakota, Machinga, Kawale, and 

Kalonga on: the proportion of lost to follow up patients and those patients withdrawn 

from the study, proportion of early treatment failure, late clinical failure, late 

parasitological failure, adequate clinical parasitological response on day 28, success 

and failure cumulative incidence rates on day 28 with 95% confidence interval with p 

value of less than 0.05 considered significant. Chi-square test and Fisher’s exact test 

were used for comparing categorical variables between groups. The differences in 

efficacy between sites were assessed using Cox regression model.  

3.5 Ethical consideration  

This study posed minimal risk to the study participants since it used data from a 

study that was approved by the National Health Sciences Research Committee 

(Protocol Approval number: NHSRC/725) in Malawi. The data analysed in this study 

does not have participant names attached but has only identification number, 

therefore confidentiality and anonymity maintained.   
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CHAPTER 4:  RESULTS 

4.1 Overview  

This chapter provides an overview of the general study results. There is a brief 

description of the baseline characteristics of the study participants. The efficacy of 

AL was compared between the study sites and occurrence of adverse events has been 

presented in this chapter. 

4.2 Baseline characteristics of study participants  

An overall number of 322 participants were recruited into the study, of which 260 

(80.7%) were analysed on day 28 using per protocol analysis of which excluded from 

per protocol assessment on day 28, due to withdrawal from the study and loss to 

follow up were 62 (19.3%) participants.  Intention to treat analysis included loss to 

follow up and withdrawals in the denominator. 

Table 1 shows the baseline characteristics of the study participants. Among the six 

study sites, 52 (16.5%) participants enrolled in Karonga study site while 55 (17.1%) 

participants enrolled in Kawale study site. Machinga study site enrolled 55 (17.1%) 

participants; Mangochi had 57 (17.7%) participants, with 50 (15.5%) in Nkhotakota 

and 53 (16.5%) participants enrolled in Rumphi.  

The female participants were 162 (50.3%) while the male participants were 160 

(49.6%). There was almost a 1:1 ratio between the male and female participants. The 

mean age in months was 27.4 months with a standard deviation of 14.1 months.  

The overall mean weight was 11.4 kg with a standard deviation of 2.7 kg and range 

of 6 to 20 kg. The overall mean height for the participants was 75 cm (standard 

deviation: 22 cm) and range of 27 to 110 cm. The mean temperature at recruitment 

on day zero was 38.5 degrees Celsius with standard deviation of 1.2 degrees Celsius, 

which is an indication of fever. Parasite density showed a range of 1397 to 317,800 

per micro mil. 
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Table 1: Baseline characteristics of the study participants of efficacy of AL 

study among Malawian children conducted from March to June 2010. 

Characteristic   Study population
1 

Study site  

     Karonga   16.5% (52/322) 

     Kawale  17.1% (55/322) 

     Machinga 17.1% (55/322) 

     Mangochi 17.7% (57/322) 

     Nkhotakota 15.5% (50/322) 

     Rumphi 16.5% (53/322) 

Sex   

    Female 
 

50.3% (162/322) 

    Male  49.6% (160/322) 

Age (months)
 2

 
  

27.4 (14.1) 

Weight (kg)
 2 

11.4  (2.7) 

Height (cm)
 2

  74.7  (22.0) 

Temperature 
0
C 

3 
38.5 (1.2) 

Parasitaemia (range)
 4 

1397 – 317,800 

Gametocyte carriage 
 

2.1% (7/322) 

Notes: 
1
n=322 ; 

2 
Mean (standard deviation); 

3 
At enrolment into the study mean 

(standard deviation); 
4 

Per micro mil at enrolment 

    

The age distribution in figure 1 below showed that the majority of the participants 

were younger, between the ages of one and two years. Few children belonged to the 

age of less than one year and five years.   
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Figure1: Age distribution of the study participants 

 

4.3 Temperature and parasite clearance 

All 322 children presented with fever during recruitment into the study with the 

mean temperature of 38.5 degrees Celsius. The 214 children had their fever cleared 

by day one and on day two, only 23 children had fever. Day 3 had a mean 

temperature of 36.1 degrees Celsius. All 322 children reported with parasitaemia at 

recruitment with 239 children clearing parasites by day one. Parasitaemia had cleared 

by day 14 among the participants. On day 21 of follow-up, parasitaemia observed 

among three per cent of the study participants. 

4.4 Efficacy of AL  

Using intention to treat analysis, early treatment failure was reported among 1.6% 

(5/322) study participants. Late parasitological failure was reported among 0.9% 

(3/322) study participants while late clinical failure was reported among 4.0% 

(13/322) study participants during the 28 days follow up period. This makes a total of 

21 children with treatment failure and the total time at risk of 7926 days. The 

incident rate (hazard function) was estimated as 2.65 per 1000 persons per day with 
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the assumption that the incident rate remains constant. Intention to treat Kaplan-

Meier survival estimate curve is displayed in figure 1.  The ACPR proportion was 

0.93, refer to figure 1. If using the per protocol analysis that excluded all study 

participants withdrawn from the study and all participants’ loss to follow up, the 

estimated overall PCR-corrected cure rate was 92%. 

Figure 2: Intention to treat Kaplan-Meier survival estimate of adequate clinical 

and parasitological response (ACPR) over a period of 28 days 

 

 

4.5 Efficacy of AL by study site  

The treatment outcomes by study site were as follows; Nkhotakota study site had the 

highest late clinical failure of six, while Machinga study site had three late clinical 

failures and Karonga had zero late clinical failures. Karonga, Machinga and 

Nkhotakota study sites showed only one child with early treatment failure in each 

study site while Kawale and Mangochi had no children observed to early treatment 

failure. There were three late parasitological failures, one in Mangochi and two in 

Nkhotakota which were confirmed by PCR (table 2). 
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Table 2: Treatment outcomes by study site 

 Study site 

Outcome
1
   Karonga 

n=52 

Kawale 

n=54 

Machinga 

n=55 

Mangochi 

n=57 

Nkhotakota 

n=49 

Rumphi 

n=53 

ACPR 49   38  37 41 32 42 

ETF 1  0 1 0 1 2 

LCF 0 1 3 1 6 2 

LPF 0 0 0 1 2 0 

LFU 1  2 1 2 1 1 

WTH 1  13 13 12 7 6 
1 

Treatment outcomes; 
2
 Adequate Clinical and Parasitological Response; 

3
 Early 

Treatment Failure; 
4
 Late Clinical Failure; 

5
 Late Parasitological Failure; 

6
 Loss to 

follow-up; 
7
 Withdrawals 

 

The per protocol PCR-corrected cure rate for Karonga study site was 98.0%, 97.4% 

cure rate for Kawale study site with hazard ratio of 1.27 (95% CI 0.08-20.36), and a 

90.2% cure rate for Machinga with hazard ratio of 4.87 (CI 0.50-43.64) as presented 

in Table 3. Mangochi had 95.4% cure rate and hazard ratio of 2.07 (CI 0.19-24.18). 

Nkhotakota study site having a 78.1% cure rate, hazard ratio10.68 (CI 1.41-87.59) 

and Rumphi had a 91.3% cure rate with a hazard ratio of 4.24 (CI 0.50-39.95). The 

cure rate for Nkhotakota study site was the lowest, 78.1% as compared to the rest of 

the study sites. The estimated risk of treatment failure was 10.68 times greater in 

Nkhotakota study site as compared to Karonga study site during the 28 day follow-

up, with a statistically significant p value of 0.022 and it could be as low as 1.41 to as 

high as 87.59 with probability 0.95 from the population where it originated. 
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Table 3: Efficacy of AL in six different study sites classification PCR-corrected 

cure rates with unadjusted hazard ratios 

Study site PCR-cure 

rate  

  Hazard ratio
1 

(95% CI)
 

P Value 

Per protocol 

analysis
2   

 

Karonga  98.0% (49/50) 1 - 

Kawale  97.4% (38/39) 1.29 (0.08,20.56) 0.859 

Machinga  90.2% (37/41) 4.94 (0.55,44.23) 0.153 

Mangochi  95.4% (41/43) 2.33 (0.21,25.66) 0.491 

Nkhotakota   78.1% (32/41)   11.47 (1.45,80.51) 0.021 

Rumphi  91.3% (42/46) 4.47 (0.50,39.99) 0.181 
1
 Cox hazard ratio (95% Confidence Interval); 

2 
 N=260 

 

Table 4 shows the adjusted hazard ratios; Nkhotakota study site risk of treatment 

failure was significantly higher as compared to Karonga study site. There were no 

significant results between the age in months and sex of the study participants. 

Table 4: Risk of treatment failure in six study sites adjusted for age and sex 

Characteristic  PCR-corrected 

cure rate
 

Hazard ratio
1  

    

(95% CI)
 

P value 

Per protocol 

analysis
  

 
 

Age 

group(months) 
 

 
 

       6 - 12 86.5% (32/37) 1 -  

      13 - 24 91.1% (82/90) 0.79 (0.25, 2.46) 0.680 

      25 - 36 94.1% (48/51) 0.46 (0.11, 1.95) 0.289 

      37 - 59 93.7% (74/79) 0.50 (0.14, 1.76) 0.283 

Sex     

     Female 90.5% (114/126) 1  

     Male 93.3% (125/134) 0.71 (0.30, 1.72) 0.457 

Study site    

    Kalonga 98.0% (49/50) 1 - 

    Kawale  97.4% (38/39) 1.25 (0.08, 20.28) 0.873 

    Machinga  90.2% (37/41) 4.76 (0.52, 43.34) 0.166 

    Mangochi  97.4% (41/43) 2.08 (0.19, 23.16) 0.550 

    Nkhotakota  78.1% (32/41) 10.60 (1.33, 83.94)  0.025 

    Rumphi  91.3% (42/46) 4.33 (0.48, 39.03) 0.191 
1 

Cox regression (95% Confidence Interval) 
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4.6 Gametocyte carriage  

Gametocytes were found in peripheral blood of seven children at recruitment into the 

study. Day seven reported one child with gametocyte carriage. Day 21 also reported 

one child with gametocyte carriage in peripheral blood while on days 14 and 28; no 

children were reported with gametocyte carriage. 

4.7 Occurrence of adverse events   

Figure 3: Adverse events during the 28 days study period 

  

*URTI (Upper Respiratory Tract Infections) 

ICH Tripartite Guideline (2003) defines an adverse event as “any untoward medical 

occurrence in a patient administered a medicinal product and which does not 

necessarily have to have a causal relationship with this treatment. An adverse event 

can therefore be any unfavourable and unintended sign (for example, an abnormal 

laboratory finding), symptom, or disease temporally associated with the use of a 
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medicinal product, whether or not considered related to this medicinal product”. A 

number of adverse events occurred during the 28 day follow up period and none of 

the events were related to the effect of AL (Figure 3). The most occurring adverse 

events were URTI and Pneumonia. Only a few episodes of adverse events like URTI, 

pneumonia and septicaemia were observed within seven days of the follow-up 

period. The remaining adverse events like conjunctivitis, diarrhoea, measles, and 

pneumonia were observed after a week of the 28 days follow-up period. The severe 

advents events that occurred were severe malaria, severe malaria anaemia and severe 

pneumonia.  
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CHAPTER 5:  DISCUSSION 

5.1 General study discussion 

Most African countries using AL for the treatment of uncomplicated plasmodium 

falciparum malaria have conducted studies to evaluate its efficacy and safety among 

both adults and children. This study was designed to determine the efficacy and 

safety of AL within a follow-up period of 28 days among a cohort of children aged 6 

to 59 months who presented to the selected study sites with uncomplicated 

plasmodium falciparum malaria. The study also aimed at determining whether there 

was a difference in the efficacy of AL between the selected study sites of Karonga, 

Kawale, Machinga, Mangochi, Nkhotakota and Rumphi. The results of the study 

showed that the efficacy of AL is still high in Malawi with Nkhotakota study site 

showing a significantly higher risk of treatment failure as compared to Karonga 

study site. 

The proportion of female and male participants during recruitment into the study was 

equally distributed. There was unequal distribution of age in years among the study 

participant in that a huge proportion of children were between the ages of one to 

three years old. During the initial clinical presentation parasite density was high 

among study participants but mostly cleared off by day seven of follow up and 

during the second week there were a few participants who reported with 

parasitaemia. All study participants reported with fever during recruitment into the 

study but the results demonstrated that fever decreased drastically after day one of 

AL treatment.  

The study showed that the overall efficacy of AL after PCR correction was still high 

in Malawi. This corresponds with other studies done in other countries of Africa on 

the efficacy of AL (Abuaku et al., 2012; Joseph et al., 2013; Eshetu et al., 2012).  
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Even though the savannah zone showed a delay in parasite clearance and was marked 

as a probable area for occurrence of resistant parasites, Ghana showed evidence of 

the continuing high efficacy of AL and recommended on future surveillance of 

antimalarial drug resistance through conducting pharmacokinetic studies in the 

country (Abuaku et al., 2012).  Joseph et al. (2013) found a high efficacy of AL for 

the treatment of uncomplicated Plasmodium falciparum malaria in Tabora region, 

Tanzania and also that there was need for research to be conducted in order to 

evaluate the findings of rare gametocytes increase after AL treatment. Eshetu et al. 

(2012) observed that among children under the age of five years  in Jimma Zone, 

Ethiopia, there was a 9.4 per cent of per-protocol PCR-corrected failure rate and 

assumed that this might possibly be a result of reduced levels AL in the blood. The 

recommendations for WHO malaria treatment guidelines emphasises on switching to 

another drug when the first-line antimalarial drug has more than a ten per cent 

overall failure rate (WHO, 2009). Even though Malawi has not yet reached the ten 

per cent mark, there has been evidence of artemisinin drug resistance in countries of 

the greater Mekong sub-region. Resistance to artemisinin is increasing significantly, 

and was discovered along the Thailand–Myanmar border eight years back and in two 

to six years; it is going to reach rates reported in western Cambodia at this rate of 

increase (Phyo, 2012). Mayxay et al. (2012) in a study among adults and children 

observed that AL was still efficacious in Southern Laos but increased significant 

rates of recrudescence were observed among the children.   

Nkhotakota study site showed a significantly low PCR-corrected cure rate as 

compared to Karonga study site. There was no significant difference in efficacy 

among the rest of the four study sites namely Kawale, Machinga, Mangochi and 

Rumphi when they were compared to Karonga study site. Karonga study site had the 
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highest PCR-corrected cure rate and the lowest PCR-corrected failure rate as 

compared to the other study sites. The low efficacy in Nkhotakota site is alarming 

hence need for conducting continuous efficacy studies and the establishment of 

comprehensive surveillance systems.  Conducting comprehensive surveys would 

assist in identifying determinants of treatment failure and antimalarial drug 

resistance, which was beyond the scope of this study. Treatment failure is when 

malaria parasites fail to clear and malaria clinical symptoms fail to be cured even 

though antimalarial drugs have been taken (WHO, 2012). It can be influenced by 

several factors more often a decrease in drug concentrations, hence not all times 

caused by drug resistance.  

Adverse events both moderate and severe adverse events were reported during the 

study period and these events were not related to the effect of AL hence it did not 

show serious drug reactions which might have made AL unsafe to take. Many of the 

adverse events reported by the parents or guardians of the study participants with the 

most occurring adverse events were URTI and Pneumonia. The severe advents 

events that occurred were severe malaria, severe malaria anaemia and severe 

pneumonia. This observation was similar in that Acute Respiratory Infection (ARI) 

especially pneumonia and URTI are the most common conditions among under-five 

year’s children who come to the outpatient clinics in Malawi. Ministry of Health; 

Malawi Health Sector Strategic Plan 2011 to 2016 reported high percentage of 70.3 

hospital attendance due to ARIs among children in 2008, even though the pneumonia 

case fatality rate had decreased from year 2000’s 18.7 per cent to 5.7 per cent in 

2008.  

In Cohort study designs, the strength of association between the explanatory variable 

and the response variable is well defined as compared to Case control and Cross-
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sectional study designs. For this study, the main strength was the prospective cohort 

study design. On the other hand, the limitations of the study were the loss to follow 

up and withdrawal from the study since this could have led to non-participation bias. 

The other limitation was the power of the study; this study did not have the power for 

site specific analysis and the results were not representative of all children attending 

the hospitals in the selected study sites of Karonga, Kawale, Machinga, Mangochi, 

Nkhotakota and Rumphi hence cannot be generalised to the population. Finally the 

study was not randomised and it was not comparative in that only one single arm of 

the drug was used. 

5.2 Recommendations 

There are research and policy implications for the study. There is need to emphasize 

on prompt malaria diagnosis and treatment. This study has highlighted on the 

importance and urgency of conducting a comprehensive research to investigate the 

determinants that are influencing the high treatment failure rate among children in 

Nkhotakota district which was beyond the scope of this study. There is also need for 

the Ministry of Health to continue monitoring AL efficacy and antimalarial drug 

resistance surveillance in the selected sentinel surveillance sites in order to detect any 

risks for artemisinin drug resistance. 

At policy level, AL should remain to be used as first-line treatment for the treatment 

of uncomplicated plasmodium falciparum malaria in Malawi since the study has 

demonstrated that AL is safe and has not exceeded the more than ten per cent cut-off 

failure rate for review which is required considerations to switching to another 

antimalarial drug.  
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5.3 Conclusion 

This study aimed at determining whether AL was efficacious and safe, and 

investigated the difference in efficacy between the study sites. The findings of the 

study showed that there was high efficacy of AL in Malawi with significant 

differences in Nkhotakota study site as compared to Karonga study site. Therefore it 

is important to monitor efficacy in order to detect and prevent resistance of AL. 

Surveillance of the established sentinel sites and also there is a need to conduct a 

comprehensive research in Nkhotakota district on the possible determinants of 

treatment failure. Therefore AL should remain the first-line treatment for 

uncomplicated malaria among children in Malawi. 
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