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Purpose: Following the increased Plasmodium falciparum resistance to chloroquine and 

sulfadoxine/pyrimethamine, Ethiopia adopted artemether/lumefantrine (AL) as the first-line 

treatment for uncomplicated P. falciparum in 2004. According to the recommendation of the 

World Health Organization, this study was carried out for regular monitoring of the efficacy 

of AL in treating the uncomplicated P. falciparum malaria in Metema district, Gondar Zone, 

Northwest Ethiopia.

Patients and methods: This is a one-arm prospective 28-day in vivo therapeutic efficacy 

study among the uncomplicated P. falciparum malaria patients aged 6 months and older. The 

study was conducted from October 2014 to January 2015, based on the revised World Health 

Organization protocol of 2009 for surveillance of antimalarial drug therapeutic efficacy study. 

Standard six-dose regimen of AL was given twice daily for 3 days, and then the treatment 

outcomes were assessed on days 0, 1, 2, 3, 7, 14, 21, 28, and any other unscheduled day for 

emergency cases.

Results: There were 91 study subjects enrolled in this study, of whom 80 study subjects com-

pleted the full follow-up schedules and showed adequate clinical and parasitological responses 

on day 28, with no major adverse event. Per protocol analysis, the unadjusted cure rate of 

Coartem® was 98.8% (95% confidence interval: 93.3%–100%) in the study area. Recurrence 

of one P. falciparum case was detected on day 28, with a late parasitological failure rate of 

1.2%. No early treatment failure occurred. Complete parasite and fever clearance was observed 

on day 3. Gametocyte carriage was 4.4% at enrollment that cleared on day 21. Although the 

difference is statistically not significant, a slight increase in the level of mean hemoglobin from 

baseline to day 28 was observed.

Conclusion: The study showed high efficacy and tolerability of Coartem® against uncompli-

cated P. falciparum malaria, suggesting the continuation as a first-line drug in the study district. 

However, regular monitoring of the therapeutic efficacy of the drug, possibly with plasma 

drug-level measurement, is critical among the mobile border population.

Keywords: artemether/lumefantrine, cure rate, parasite clearance, fever clearance, uncompli-

cated malaria

Introduction
The global malaria burden has decreased in recent years with the scale-up of control 

interventions; however, malaria still remains among the most important commu-

nicable diseases in Ethiopia.1,2 Among the total 84.2 million Ethiopian population 
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in 2014, .50 million (60%) live in malaria risk areas, at 

altitudes ,2,000 m above sea level. The Federal Ministry 

of Health reported in 2011/2012 that malaria was the lead-

ing cause of outpatient visits (17% of all outpatient visits) 

and 8% of health facility admissions among all age groups. 

Malaria was also one of the top ten causes of inpatient deaths 

among  ,5-year-old children and adults based on Health 

Management Information System data in 2012/2013.2

Early diagnosis and prompt treatment of cases is the most 

important strategy in the control and prevention of malaria. As 

a result of Plasmodium falciparum resistance to chloroquine 

and sulfadoxine/pyrimethamine, Ethiopia shifted the national 

treatment policy for the first-line treatment of uncomplicated 

P. falciparum malaria to artemisinin-based combination 

therapy (ACT), artemether/lumefantrine (AL; Coartem®), in 

2004.3,4 Adoption of AL together with the mass distribution 

of insecticide-treated bed nets and indoor residual spraying 

has contributed much for the substantial declines in malaria-

related deaths in Ethiopia.2,5,6 Currently, AL is working highly 

effectively, with rapid parasite and fever clearance rates, 

showing mild adverse effects in almost all areas. Unlike the 

Greater Mekong Subregion of Southeast Asia where delayed 

response to ACTs has been reported,7,8 AL has shown cure 

rates of .95% in adult and pediatric populations with a good 

safety in sub-Saharan Africa,9,10 including Ethiopia.11–15

As a strategy to handle early the changing malaria 

trends and the threat of emerging artemisinin resistance by 

Plasmodium parasite in malaria-endemic countries, particu-

larly in sub-Saharan Africa,16 the World Health Organization 

(WHO) recommends the routine monitoring of the thera-

peutic efficacy of the first-line and second-line ACTs every 

2 years.17 There could be a change in the national antimalarial 

treatment policy for a treatment failure .10% in an in vivo 

open-label trial therapeutic efficacy study (TES). Accord-

ingly, this TES was conducted to assess the efficacy of AL 

(Coartem®) for the treatment of uncomplicated P. falciparum 

malaria among the border population of Metema district, 

Northwestern Ethiopia.

Patients and methods
Study area and period
The study was conducted in Gendewuha Health Center, 

during the peak malaria transmission season from October 

2014 to January 2015. The health center is located in Metema 

district in Northern Gondar Zone, Amhara Region. The area 

is lying between latitudes of 12°45′–12°58′ N and longitudes 

of 36°11′–36°25′ E.18 The area is 925 km northwest of Addis 

Ababa, Ethiopia’s capital, and 180 km west of Gondar town. 

The district has an international boundary of .60 km long 

distance between Ethiopia and Sudan. The mean annual tem-

perature ranges from 22°C to 28°C, and daily temperature 

reaches as high as 43°C during the months of March–May. 

The mean annual rainfall ranges from 850 mm to 1,100 mm 

and has a unimodal pattern. The altitudes range from 550 m to 

1,608 m above sea level. Malaria is endemic in the area, with 

a higher proportion of P. falciparum followed by Plasmodium 

vivax according to the report of the district in 2014.19

Study design
The study is a one-arm open-label 28-day in vivo trial TES 

on efficacy of AL among the uncomplicated P. falciparum 

malaria patients aged 6 months and older. This TES was 

conducted based on the revised WHO protocol of 2009 for 

the assessment of antimalarial drug efficacy. The patients 

were included in the study according to the inclusion criteria 

set by the WHO in 2009 as described elsewhere.17 Treatment 

with a standard six-dose regimen of AL was given twice daily 

for 3  days, and the clinical and parasitological responses 

were measured on days 1, 2, 3, 7, 14, 21, and 28 and at any 

unscheduled day when the disease occurred.17

Sample size
The revised WHO protocol of 200917 was used to calculate 

the required sample size. Sample size calculation assumed 

95% cure rate of AL on day 28. With a desired precision of 

5% and 95% confidence interval (CI), an initial sample size 

of 73 was calculated. Assuming an additional 20% for loss 

to follow-up, at least 88 patients were to be recruited.

Microscopic blood examination
Thick and thin blood smears were prepared on a single slide, 

respectively, for parasite detection and species identifica-

tion. Two smears were prepared in each case. The first was 

stained rapidly with 10% Giemsa for 10–15  minutes for 

initial screening. The next stained slowly with 3% Giemsa 

for 45–60  minutes was used to provide standard parasite 

count and speciation based on the WHO criteria described 

elsewhere.17 All collected slides were crosschecked by expert 

microscopists at the Adama Malaria Center, Ethiopia, and the 

discordant slides were reread by a third senior microscopist 

at the Ethiopian Public Health Institute (EPHI).

Hemoglobin measurement
Hemoglobin was measured from finger prick blood samples 

using a portable spectrophotometer (HemoCue, Ängelholm, 

Sweden) on days 0, 14, and 28.
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Statistical analysis
All data were imported into and analyzed by WHO-designed 

excel spreadsheet and SPSS 20 (IBM Corporation, Armonk, 

NY, USA) for Windows.

Ethical considerations
The study was ethically cleared and approved by the Scientific 

and Ethical Review Office of the EPHI and the Ethical Clear-

ance Committee of the Department of Microbiology, Immu-

nology and Parasitology, Addis Ababa University. Written 

and oral informed consent was obtained from adults and 

caregivers of children in their local language.

Results
Patient screening and enrolling
Clinically suspected 2,469 febrile cases were screened for 

malaria, and 42.8% (1,056/2,469) cases were diagnosed 

to be positive. Out of the positives, 49.8% (526/1,056) 

were P. falciparum mono-infections, 32.5% (343/1,056) 

were P. vivax infections, and 17.7% (187/1,056) were 

mixed infections. Among the 526 P. falciparum mono-

infections, 435 were excluded for not fulfilling the inclu-

sion criteria. Of which, 36.8% (160/435) had parasite 

load  ,1,000  parasites/µL of blood, 32% (139/435) were 

out of the catchment area, 12.4% (54/435) had severe and 

complicated malaria, 10.6% (46/435) were late attendees in 

the afternoon, 4.6% (20/435) had refused the consent, 2.5% 

(11/435) were pregnant and breast feeding mothers, and the 

remaining 1.1% (5/435) had taken antimalaria drugs within 

15 days before the start of the study (Figure 1).

Based on the inclusion criteria, 91 patients (before noon 

diagnosed) qualified and participated in the study. However, 

11% (10/91) were withdrawn during follow-up, ie, 7.7% 

(7/91) were lost to follow-up, 2.2% (2/91) had mixed infec-

tions enrolled by mistake at screening on day 0, and 1.1% 

(1/91) were found to have P. vivax infections on day 28. 

Figure 1 Recruitment and follow-up in Coartem efficacy study at Gendewuha Health Center, Metema, Ethiopia.
Abbreviations: P. vivax, Plasmodium vivax; P. falciparum, Plasmodium falciparum; sp, species.
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One person was diagnosed to be positive for P. falciparum 

on day 28 and classified as late parasitological failure (LPF). 

Thus, 80 study participants successfully completed the 28-day 

follow-up of Coartem® efficacy monitoring (Figure 1).

Baseline characteristics of the study 
participants
Among the study participants, 17.6% (16/91) were females 

and 82.4% (75/91) were males. The age group of ,5 years 

consisted of 2.2% (2/91) participants, 5–14 years 12.1% (11/91), 

and $15 years 85.7% (78/91). The mean age was 13 years (range 

2–24 years), and the average body weight was 41.5 kg (range 

13–70 kg) among all study participants. The baseline mean body 

temperature, parasite count, and hemoglobin level were 37.9°C, 

13,441.6/μL, and 13.7 g/dL, respectively (Table 1).

From 91 study participants, 65.9% (60/91) had insecticide-

treated bed net, whereas 34.1% (31/91) had no bed nets and 

84.6% (77/91) had previous malaria attack. Of the net users, 

46.7% (28/60) used always, 48.3% (29/60) used sometimes, 

and the rest 5% (3/60) were not using it.

Cure rate of Coartem®

There were 91 study subjects enrolled in this study, of 

whom 80 participants completely attended all the follow-up 

schedules and showed an adequate clinical and parasitological 

responses to the treatment on day 28. Per protocol analysis 

showed the polymerase chain reaction (PCR)-unadjusted 

cure rate of Coartem® as 98.8% (95% CI: 93.3%–100%) in 

the study area. P. falciparum recurrent case was detected in 

one individual late on day 28 and classified as LPF, giving 

the uncorrected total failure rate of 1.2% (1/81; Table 2).

Parasite and fever clearance rate
Parasitemia was cleared from 23.6% (21/89) of patients 

on day 1, 91% (81/89) of patients on day 2, and 100% on 

day 3. Forty-six patients had fever (T0$37.5°C), and the 

remaining thirty-five patients had a history of fever during 

study enrollment. Fever was cleared in 69.6% (32/46), 97.8% 

(45/46), and 100% (1/46) of patients on days 1, 2, and 3, 

respectively. Gametocyte was detected in 4.4% (4/91) patients 

at enrollment, with blood density from 16/μL to 5,680/μL. 

However, two patients finished the follow-up, and the other two 

were lost during the follow up. One patient cleared gametocyte 

on day 2 and the other on day 21 (Table 3 and Figure 2).

Hemoglobin recovery
A slight increase in the mean hemoglobin level was observed 

from baseline to day 28 among the study participants. The 

Table 1 The baseline characteristics of the participants in the 28-day Coartem® efficacy study in Metema, Ethiopia, from October 2014 
to January 2015

Characteristics ,5 years (n=2) 5–15 years (n=11) Adult 9 years (n=78) Total (N=91)

Mean age, years (range) 2.5 (2–3) 11 (6–14) 20 (15–24) 13 (2–24)
Male, n 0 5 70 75 (82.4%)
Female, n 2 6 8 16 (17.6%)
Mean weight, kg, (range) 14 (13–15) 29.2 (17–46) 53.05 (31–70) 41.5 (13–70)
Mean temperature, °C (range) 37.85 (37.8–37.9) 38.1 (36.4–40) 37.8 (36.4–40) 37.9 (36.4–40)
Mean hemoglobin, g/dL (range) 9.95 (9.2–10.7) 12.25 (10.7–14.4) 13.74 (8.5–17.3) 13.7 (9.2–17.3)
GM parasite density/μL (range) 4,220 (2,280–6,160) 6,130.8 (1,112–16,666) 14,709 (1,000–97,560) 13,441.6 (1,000–97,560)
Gametocyte carriage, n 0 1 (9.1%) 3 (3.85%) 4 (4.4%)

Abbreviation: GM, geometric mean.

Table 2 Cure rate of AL, 28-day follow-up in Metema, Ethiopia, from October 2014 to January 2015

Outcomes ,5 years (n=2) 5–15 years (n=11) $15 years (n=78) Total (N=91)

Censored
LFU, n (%) 1 (50) 0 7 (9.0) 8 (8.8)
Withdrawal, n (%) 0 0 2 (2.6) 2 (2.2)

Treatment failure
ETF, n (%) 0 0 0 0
LCF, n (%) 0 0 0 0
LPF, n (%) 0 0 1 (1.4) 1 (1.2)

ACPR at day 28, n 1 11 68 80
Cure rate PP, n (%) (100%) (100%) 68 (98.6) 80 (98.8)
Total, n (%) 2 (2.2) 11 (12.1) 78 (85.7) 91 (100)

Abbreviations: LFU, loss to follow-up; ETF, early treatment failure; LCF, late clinical failure; LPF, late parasitological failure; ACPR, adequate clinical and parasitological 
response; PP, per protocol.
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mean hemoglobin level was 13.7 g/dL (range 8.5–17.3 g/dL) 

and 13.6  g/dL (range 8.8–17  g/dL) at enrollment and on 

day 14, respectively. After 28 days of follow-up, the level of 

mean hemoglobin was slightly increased to 13.9 g/dL (range 

9.6–17.4 g/dL). However, the mean difference in the level of 

hemoglobin among days 0, 14, and 28 was statistically not 

significant (P-value: 0.07; data not shown).

Adverse events following Coartem® 
treatment
Most of the adverse events observed were similar to com-

mon symptoms of malaria, which included headache, fever, 

joint pain, weakness, anorexia, cough, dizziness, abdominal 

pain and diarrhea, and mouth ulcer. Most of the side effects 

observed in the assessment were related to the symptoms 

of malaria itself, and all disappeared spontaneously follow-

ing the resolution of parasitemia and fever. The dominant 

adverse effects observed in this study were headache and 

joint pain in most patients, followed by dry and unproduc-

tive cough in all patients and ulceration of oral area in 

children (Table 4).

Discussion
These are preliminary data on the efficacy of AL in the study 

locality after .9 years of its use as a first-line treatment in 

the area. This study is part of the national regular TES, for 

monitoring of the therapeutic efficacy of AL (Coartem®) 

against the uncomplicated P. falciparum malaria in four 

eco-epidemiologic sentinel sites of Ethiopia. The primary 

aim of this study was to assess the therapeutic efficacy 

of Coartem® for uncomplicated P. falciparum malaria in 

Metema district, North Gondar Zone, Ethiopia (nearby the 

country’s border to Sudan). The adequate clinical and parasi-

tological responses observed within the 28 days of follow-up 

had demonstrated the high efficacy and well tolerability of 

Coartem® for the treatment of uncomplicated P. falciparum 

malaria in the study locality.

The overall PCR-uncorrected cure rate per protocol was 

98.8% (95% CI: 93.3%–100%). One P. falciparum recurrent 

case was observed on day 28, which gave the LPF rate of 

1.2% among the whole study participants. This finding was 

consistent with previous findings of efficacy of 96%–100% 

in different geographies of Ethiopia12,14,15,20–23 and a cure 

rate of 98.1% in Tanzania.24 In the combination therapy of 

AL, artemether has a short half-life of ~1 hour. Lumefan-

trine has a half-life of 3–6 days and clears the long-lasting 

parasites and thus is expected to avoid the occurrence of 

recurrent parasitemia.10 Therefore, this study still shows the 

high efficacy and good safety of AL as already reported in 

sub-Saharan Africa.9

The current study showed the complete clearance of 

parasite and fever on day 3. The ACTs have already been 

demonstrated to be capable of rapid reduction in parasite 

biomass to result in rapid fever resolution.25 The drug has 

antipyretic property and is fast acting to clear the different 

stages of the parasite, which in turn makes fever clearance 

time short.20 Parasite clearance was rapid on the first 3 days 

following the treatment, and complete clearance was observed 

on day 3. Fever was cleared in 69.6% of patients on day 1 

and in 97.8% of patients on day 2, and complete clearance 

was observed on day 3. This fast action of AL was already 

reported in studies conducted elsewhere in Ethiopia11,12,20 and 

Tanzania.24 The emerging resistance to artemisinins on the 

Thailand–Cambodian border26,27 has been characterized by 

the slow parasite clearance in vivo and the increased day 3 

positive cases.9,12,28,29 The day 3 parasitemia on blood smear 

is a good predictor of the forthcoming failure in Coartem® 

therapy in the areas of low and moderate transmission.9 

Fortunately, the current study showed no day 3 parasitemia; 

Table 3 Parasite and fever clearance rates of Coartem® in Metema, Ethiopia, from October 2014 to January 2015

Outcomes Follow-up days

Day 0 (n=91) Day 1 (n=89) Day 2 (n=89) Day 3 (n=88) Day 21

Parasite clearance, n (%) NA 21 (23.6) 81 (91.0) 100 –
Fever clearance, % (n/N), 46* NA 69.6 (32/46) 97.8 (45/46) 100 –
Gametocyte carriage, n (%) 4 (4.4) 4 cases 1 case 1 case No case

Note: *Number of participants with fever (axillary temp of .37.5°c) during inclusion =46.
Abbreviation: NA, not applicable.

Figure 2 Parasite and fever clearance following AL (Coartem®) treatment in 
Metema, Ethiopia, from October 2014 to January 2015.
Abbreviation: AL, artemether/lumefantrine.
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indicating that AL (Coartem®) was highly effective for 

clearance of parasites in the study area.

In the present study, complete gametocyte clearance 

was observed on day 21. This is similar to other findings12,30 

where complete clearance of gametocyte occurred on day 21. 

It differs from some of other findings where gametocyte 

clearance was observed on day 3,15 day 7,20 and day 14.11 

Prompt treatment of P. falciparum malaria infections with 

effective drugs is often associated with low gametocyte car-

riage and may invariably reduce transmission of gametocytes 

to mosquitoes.25 It has been reported that the drugs have 

schizonticidal action to reduce the development of gameto-

cytes. Therefore, AL would not only reduce the problem of 

resistant malaria but also lessen the chances that an infected 

person might transmit the infections to mosquitoes and to 

other members of the community.

The overall incidence of adverse reaction was very low; 

the tolerability to AL treatment was good in the current study. 

Most of the adverse reactions observed were related to the 

symptoms of malaria itself and all disappeared spontaneously 

following the resolution of parasitemia and fever as reported 

elsewhere.9 The predominant side effects observed in this 

study were headache and joint pain, followed by dry and 

unproductive cough in all participants and ulceration of oral 

area in children after intake of the medication. This finding 

was in agreement with other reports in home country.11,15,30 

The current finding was also related to the results reported 

in Uganda,31 where 37% of cough was observed before and 

40% after the initiation of treatment.

The study result showed that 30.9%, 32.1%, and 27.2% 

of participants were anemic, respectively, during inclusion, at 

day 14, and at day 28. The main reason for the fluctuation in 

hemoglobin level might be due to the frequent attack of indi-

viduals by malaria in the study area.30 A slight increase in 

the level of hemoglobin was observed on day 28; however, 

the difference from baseline is statistically not significant. 

Table 4 Adverse events following Coartem® treatment in Metema, Ethiopia, from October 2014 to January 2015

Common clinical symptoms Day 0 Day 1 Day 2 Day 3 Day 7 Day 14 Day 21 Day 28

Headache, n (%) 63 (77.8) 38 (46.9) 19 (23.5) 14 (17.3) 6 (7.4) 6 (7.4) 2 (2.5) 1 (1.2)
Anorexia, n (%) 12 (14.8) 2 (2.5)
Nausea, n (%) 3 (3.7) 0 1 (1.2)
Vomiting, n (%) 12 (14.8) 0
Weakness, n (%) 8 (9.8) 6 (7.4) 4 (4.9) 3 (3.7) 3 (3.7) 1 (1.2)
Joint pain, n (%) 57 (70.4) 22 (27.2) 3 (3.7) 3 (3.7) 4 (4.9) 2 (2.5) 1 (1.2)
Abdominal pain, n (%) 16 (19.8) 5 (6.2) 8 (9.8) 3 (3.7)
Diarrhea, n (%) 1 (1.2) 4 (4.9) 2 (2.5)
Cough, n (%) 9 (11.1) 4 (4.9) 4 (4.9) 1 (1.2)
Mouth ulcer, n (%) 1 (1.2) 4 (4.9) 3 (3.7) 1 (1.2)

Similar 28-day studies reported that there was a significant 

recovery in hemoglobin level after medication with AL.11,15,23 

The difference in the findings concerning recovery of hemo-

globin level might have been due to the associated confound-

ing factors in the study environments, such as helminth 

infections and feeding habit of the study community.

One of the major limitations concerning this study was 

inability to measure the level of the drug absorption post treat-

ment. AL absorption is dependent on fatty foods; however, 

the patients were provided only peanuts when doses were 

taken in the health center. The first dose during inclusion 

and the morning doses of days 1 and 2 were taken at direct 

observation in the health center. The patients were advised 

to take the rest of night doses in their home, possibly after 

a fatty meal; however, the night intake was not directly 

controlled. Another limitation was the inability to genotype 

the recurrent case to differentiate between recrudescence 

and reinfection by PCR. Despite the limitations, the study 

approach is almost close to a real life situation.

Conclusion
This is a preliminary study in Metema district, which showed 

a high efficacy and good tolerability of AL (Coartem®) in 

the treatment of uncomplicated P. falciparum malaria, sug-

gesting the safe continuation of the treatment in the locality. 

However, regular monitoring of efficacy of the drug is con-

sidered crucial to handle early the emerging drug resistance 

among the highly mobile border populations. Furthermore, 

controlled studies measuring the levels of drugs absorbed and 

providing the drug intake under direct observation should be 

conducted for better outcome assessment.
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