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Abstract
Introduction: In Colombia, the published studies for the treatment of uncomplicated Plasmodium falciparum malaria with Artemether-Lumefantrine are scarce. The 
aim of the study was to evaluate the therapeutic efficacy and safety profile of this combination. 
Methods: A clinical trial was performed in adults with uncomplicated P. falciparum malaria using the 28-day World Health Organization validated protocol. Patients 
received supervised antimalarial treatment and the primary efficacy endpoint was the clinical and parasitological response. Safety was assessed through adverse 
events surveillance and plasmatic levels of antimalarial drugs were measured. 
Results: 88 patients were included. Adequate clinical and parasitological response rate of 100% on day 28 was achieved in 84 patients, diagnosed by thick blood 
smear examination. There were four parasitological therapeutic failures (5%) detected by polymerase chain reaction. 
Discusion: Therapeutic efficacy similar to previous studies was established with a slight increase in therapeutic failure. The serum levels of the antimalarials were 
adequate and the few cases of therapeutic failure were not related. 
Conclusion: Treatment of uncomplicated P. falciparum malaria with Artemeter-Lumefantrine was effective and safe in the study population. All patients reached 
adequate plasma concentrations of the drugs; therapeutic failures were not associated with low blood levels of the drug clinical trial.
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Eficacia terapéutica, seguridad y niveles plasmáticos del Artemeter-Lumefantrine en pacientes con malaria falciparum 
no complicada de la región del Pacifico Colombiano

Resumen
Introducción: Son escasos los estudios en Colombia sobre eficacia del tratamiento para Plasmodium falciparum con la combinación Artemeter-Lumefantrina. El 
objetivo de este estudio fue evaluar la eficacia terapéutica y el perfil de seguridad de este tratamiento combinado.
Métodos: Se realizó un ensayo clínico en adultos con malaria por P. falciparum no complicada, utilizando el esquema de 28 días recomendado por la Organización 
Mundial de la Salud (OMS). Los pacientes recibieron el tratamiento supervisado y el desenlace primario evaluado fue la respuesta clínica y parasitológica. La segu-
ridad fue evaluada a través de vigilancia de efectos adversos y medición de niveles plasmáticos del medicamento.
Resultados: Se incluyeron 88 pacientes. La tasa de curación clínica y parasitológica fue del 100% en 84 pacientes que tuvieron examen de gota gruesa al día 28. 
Hubo cuatro (5%) fallas parasitológicas detectada por reacción en cadena de polimerasa.
Discusión: La eficacia terapéutica fue similar a la reportada en estudios previos con un ligero aumento de falla terapéutica. Los niveles plasmáticos de los antima-
laricos fueron adecuados y no relacionados con la falla terapéutica.
Conclusión: El tratamiento de malaria por P. falciparum no complicada con Artemeter-Lumefantrina fue efectiva y segura en la población estudiada. Todos los 
pacientes alcanzaron niveles en plasma adecuados y no se encontró asociación de falla terapéutica con bajos niveles en sangre.
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Introduction

Malaria is widespread in tropical areas worldwide and has a high 
morbidity burden. The emergence of parasite resistance to an-
timalarial medicines is considered part of the challenges impe-
ding countries’ abilities to advance towards elimination; these 
include lack of sustainable funding, risks posed by conflict in 
malaria endemic zones, and mosquito resistance to insecticides1.

Approximately 216 million malaria cases were reported glo-
bally in 2016 and the disease was considered endemic in 91 
countries and territories. For this same year, the most preva-
lent species in Colombia were P. falciparum and P. vivax with 
57,515 cases confirmed with microscopy and 5,655 with rapid 
diagnostic tests, and a total of 18 reported deaths in 20151. 
Previous national data about the infections showed a higher 
incidence of P. vivax infections over P. falciparum infections 
from years 2000 to 20132. In the last years the proportion of 
P. falciparum cases reported is increasing; 50.6% were P. fal-
ciparum infections between 40,763 cases in 2014, and 59.8% 
between 51,594 cases in 20152. In the recent years, malaria 
transmission was focalized in Chocó region.

Artemisinin Combination Therapies (ACTs) have been integra-
ted into the recent success of global malaria control, and pro-
tecting their efficacy for the treatment of P. falciparum malaria 
is a global health priority. In Colombia, antimalarial treatment 
for uncomplicated falciparum malaria is based on ACTs in 
accordance with the World Health Organization recommen-
dation for regions with resistance to antimalarials. First line 
treatment is based on fixed-dose co-formulation tablets of 
Artemeter-Lumefantrine (AL)3. The majority of the studies 
analyzing efficacy of this antimalarial regimen are conduc-
ted in high transmission regions, and selection of mutations 
that could possibly confer P. falciparum resistance to ACT 
has been reported both in vivo and ex-vivo4-8. The advice for 
government health programs is to closely monitor parasite 
genotypic, phenotypic and clinical dynamics of P. falciparum 
infections in response to ACTs, despite its continued efficacy.

Although multidrug resistance, including Artemisinin, has 
been reported in five countries of the Greater Mekong sub 
region (GMS)1 in America efficacy studies are scarce. A stu-
dy conducted in Suriname in 2011 detected a 9% treatment 
failure rate with AL7. Other studies conducted in the period 
2010–2016 showed effective first-line treatment for P. falci-
parum (treatment failure rates 0%) (1). In Colombia a study in 
2008 with Artesunate-Amodiaquine (AS-AQ) regimen vs. AL 
regimen, found no early treatment failure (ETF) or late clini-
cal failures (LCF) in either group and one late parasitological 
treatment failure (LPTF) in the AL group 9.
 
Considering the acute and chronic morbidity of falciparum 
malaria, the national epidemiologic shift towards P. falcipa-
rum predominance seen in the last years, the lack of studies 

about AL efficacy in Latin America and reports of emergent 
resistance around the globe10-12 it is pertinent to further study 
the efficacy of the first line treatment used in the country. The 
objectives of this study were to assess the parasitological and 
clinical efficacy in patients with non-complicated P. falciparum 
malaria treated with Artemeter-Lumefantrine, to evaluate the 
safety of this combination and the correlation of the treatment 
response with both blood antimalarial drug concentrations.

Patients and methods

Study design and site
This was a therapeutic efficacy study with an one-arm pros-
pective evaluation of the clinical and parasitological response 
to supervised treatment for uncomplicated Plasmodium fal-
ciparum malaria. It was based on the 2009 WHO therapeutic 
efficacy studies protocol13. 

The study was conducted in the municipality of Quibdó, Cho-
có (Lat. 05°41′41″N; Long. 76°39′40″W); recruitment during 
2013 (8 months), laboratory procedures during 2013-January 
2014. Quibdó it is located on the Atrato River, in a warm and 
humid climate between 43 and 53 meters above sea level 
with an average temperature of 28°C, a total area of 3.337,5 
km2 and near 100,000 inhabitants, and 35% living in rural lo-
cations. Malaria is endemic in the state with a 2013 Annual 
Parasitic Index of 28.4 and 13,095 reported cases, 4,232 of 
them in the municipality of Quibdó14.

Study population and inclusion criteria
Patients with uncomplicated falciparum malaria seeking care 
at the malaria diagnostic post (outpatient service) in the Ismael 
Roldan Hospital. Patients were eligible if diagnosed with P. fal-
ciparum monoinfection (confirmed by molecular diagnosis –
PCR- in blood collected on day 0), ages 5 to 65 years, parasite-
mia between 250-50,000/μl of asexual forms, and axillary tem-
perature of ≥37.5°C in the absence of another cause of fever. 
Exclusion criteria comprised danger signs (Extreme weakness, 
Signs of respiratory distress, Hyperpyrexia, Repeated vomiting, 
Repeated Diarrhea, Signs of severe dehydration, Spontaneous 
bleeding, Dark urine, Hyperparasitemia), severe malnutrition, 
known underlying chronic or severe diseases (cardiac, renal, 
hepatic diseases, HIV/AIDS), confirmed pregnancy and hyper-
sensitivity to the medications tested.

Sample size
According WHO recommendation a classical statistical method 
for determining sample size was applied13. In the case of a me-
dicine with an expected failure rate of 5%, a confidence interval 
of 95% and a precision level of 5%, a minimum of 73 patients 
should be enrolled. The sample size estimated was 88 subjects; 
it included a 20% increase to allow for losses to follow-up13. 
Sampling was done for convenience, in order of arrival at the 
malaria post among patients who met the entry criteria.
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Procedures during inclusion and follow-up

After obtaining the informed written consent, a complete 
medical history (symptoms, current medications and pre-
vious use of anti-malarial drugs), biographic and contact 
details were noted. A complete physical examination was 
performed and a case record form was filled in for each pa-
tient. Body weight was recorded at day 0; temperature was 
measured using a thermometer with a precision of 0.1°C at 
baseline and on follow-up days, and additionally measu-
red as clinically indicated. On each follow-up, clinical signs 
and symptoms were recorded, including vital signs (axillar 
temperature, hearth and respiratory rate, blood pressure), 
symptoms (including fever, headache, chills and abdominal 
pain, among 17 evaluated) and clinical signs (including pa-
llor, jaundice, signs of bleeding and hepatomegaly, among 
18 evaluated); blood smears were performed for detecting 
malaria parasites, and filter-paper spot samples were taken 
for molecular diagnosis. 

Microscopic Blood Examination and quality control. Thick 
and thin blood films were prepared and stained with Giemsa 
for screening and subsequent species diagnosis and para-
sitemia calculation on days 0, 1, 2, 3, 7, 14, 21 and 28 or if 
reassessment was required. Parasite counts were done on 
thick films and the number of parasites per 200 white blood 
cells (WBCs) were counted by light microscopy. Parasite den-
sity, expressed as the number of asexual parasites per μL 
of blood, was calculated by dividing the number of asexual 
parasites by the number of WBCs counted, and then multi-
plying it by an assumed WBC density of typically 8,000 per 
μL. A blood-slide sample was considered negative when exa-
mination of 200 fields containing at least ten WBCs per field 
revealed no asexual parasites. The presence of gametocytes 
on the day the patient was enrolled or on the day of follow-
up was also recorded. 

Two independent lecturers examined Blood smears of enro-
lled patients, one microscopist at the study site and a profes-
sional in microbiology at the Malaria Group Laboratory. If the 
difference in the quantification of parasitemia between the 
first two readings varied by more than 25% a third indepen-
dent reading was performed. Each reader was blinded to the 
results of the others.

Hemoglobin and antimalarial drug blood concentration. 
Hemoglobin was determined on days 0 and 28 in 10µL of ca-
pillary blood sample with the HemoCue blood Hemoglobin 
system. A 5 ml blood sample was obtained 1 hour and 120 
hours after the fifth medication dose to determine AL blood 
levels. Specimens were be labeled anonymously (study num-
ber, day of follow-up, date).

Antimalarial treatment. All enrolled patients were treated 
with AL on site, by directly observed treatment and moni-
tored for 28 days. Patients were given the fixed-dose AL 
regimen (Artemether –ARM- 20mg + Lumefantrine –LU- 

120mg per tablet, “Coartem®” from NOVARTIS) adjusted to 
measured weight (1.7/12 mg/kg body weight of ARM and 
LF, respectively). The AL schedule consisted of twice-daily 
doses over 3 days (Day 0 to 2). After supervised administra-
tion of the drug, patients were observed during 30 minutes 
for adverse events or vomiting. Patients who vomited within 
this period were then provided with another dose of the 
study drugs and were observed for 30 additional minutes. If 
a second vomiting episode occurred, the patient was exclu-
ded from the study and offered parenteral rescue therapy. 
Concomitant treatment with acetaminophen was permitted 
to patients presenting axillary temperature ≥38ºC. In case 
of a first line therapeutic failure, patients received quinine 
sulfate (10 mg/kg, administered at 8-h intervals during 7 
days) plus clindamycin (10 mg/kg administered at 12-h in-
tervals during 7 days).

Follow-up and loss
Follow-up visits and procedures were scheduled per protocol 
on days 1, 2, 3, 7, 14, 21, and 28. Patients were instructed to 
return to the health center at any time if they had fever or 
any general danger signs as described under exclusion cri-
teria. Where clinically indicated, patients were evaluated out 
of schedule and treated appropriately. The study team made 
home visits as follow-ups for study participants that were 
late for their scheduled visits. Patients who failed to return on 
days 1 or 2 and missed one dose of the treatment or enrolled 
patients who could not attend scheduled visits were conside-
red lost to follow-up and excluded from study.

Outcomes
Treatment outcomes were assessed based on parasitological 
and clinical results and were classified according to the WHO 
protocol as:13 

• Early Treatment Failure (ETF): Development of danger 
signs or severe malaria on day 1, day 2 or day 3 in the 
presence of parasitemia; 
- Parasitemia on day 2 higher than day 0 count irrespec-

tive of axillary temperature; 
- Parasitemia on day 3 with axillary temperature ≥ 37.5 

ºC; 
- Parasitemia on day 3 ≥ 25% of count on day 0. 

• Late Clinical Failure (LCF) 
- Development of danger signs or severe malaria on any 

day from day 4 to day 28 in the presence of parasitemia, 
without previously meeting any of the criteria of Early 
Treatment Failure; 

- Presence of parasitemia and axillary temperature ≥ 37.5 
ºC (or history of fever) on any day from day 4 to day 28, 
without previously meeting any of the criteria of Early 
Treatment Failure. 

• Late Parasitological Failure (LPF) 
- Presence of parasitemia on any day from day 7 to day 

28 and axillary temperature < 37.5 ºC, without pre-
viously meeting any of the criteria of Early Treatment 
Failure or Late Clinical Failure. 
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- Adequate Clinical and Parasitological Response (ACPR): 
Absence of parasitemia on day 28 irrespective of axillary 
temperature without previously meeting any of the cri-
teria of Early Treatment Failure or Late Clinical Failure or 
Late Parasitological Failure.

PCR testing for Plasmodium infection

We did PCR testing in order to determine parasitemia, confirm 
the plasmodium species and the monoinfection. Blood spots 
were collected on filter paper (Whatman No. 3) on days 0 and 
28 and on a different day from participants with recurrent pa-
rasitemia. Blood samples were dried at ambient temperature 
before storage in individual plastic bags with silica gel. DNA 
samples were extracted from filter paper with blood spots by 
the saponin-Chelex method15 and they were analyzed using 
the nested PCR protocol described by Singh et al16 described 
briefly; a first amplification reaction with primers rPLU1 126 
and rPLU5 for the fragment of the 18s-rRNA ribosomal subu-
nit of the Plasmodium 127 genus parasites. This PCR product 
was used for the second reaction (nested PCR) 128 with pri-
mers rVIV 1 and rVIV 2 for the identification of P. vivax and 
rFAL1 and rFAL 129 2 for the detection of P. falciparum.

Antimalarial drugs concentration
Quantification of ARM, LF and Dihydroartemisinin (DHA) in 
plasma. The separation of DHA, ARM and LF was carried out 
by liquid chromatography using a chromatographic column 
ZORBAX Eclipse XDB-Phenyl 4.6x150mm, 5μ and a mobile 
phase composed of MeOH: CH3COOH 0.2%: H2O: CH3COOH 
0, 2% at a constant flow of 1ml/min and with programming 
by gradient. The detection of the analytes was performed 
with a simple quadrupole mass detector, monitoring the ra-
tios m/z 323, 307 and 267 for DHA; for ARM m/z 321 and 
267, and for LF m/z 528 and 530. Liquid-liquid extraction was 
performed to obtain the analytes from plasma. Each curve 
was made in triplicate and Artesunate (ART) was assumed at 
each level as an internal standard for DHA and ARM at a fixed 
concentration of 1,500 ng/ml. All the parameters of quantifi-
cation were checked in this way: linearity, accuracy, precision 
and recovery17-20.
 
Statistical Analysis
IBM’s statistical software SPSS (17th version) was used for data 
management and analysis. Data was analyzed using two methods:  
the Kaplan-Meier analysis and the per protocol analysis.

The description of demographic and clinical characteristics 
are shown as proportions for categorical variables and mean 
(medians) values for continuous variables. The treatment 
outcomes at 28 day are presented for both thick smear and 
PCR results as absolute numbers and proportions. The plas-
matic concentration of drugs on days 2 and 7 are presented 
as media (95% C.I.), median and range. The Mann Whitney 
U-test was done to evaluate differences in the antimalarial 
drugs blood concentration on day 2 among patients with a 
negative PCR on day 28 and those with a positive result. Sta-

tistical significance was defined as P < 0.05
Ethical considerations

The Ethical Committee of the Faculty of Medicine of the Uni-
versity of Antioquia approved the study protocol. The trial 
was conducted according to good clinical practice guide-
lines. Written consent was obtained from all adult patients 
and from the parents or guardians of the children who par-
ticipated in the study. Children over 12 years of age signed 
an informed assent form. The principal investigators had no 
affiliation with any of the malaria diagnostic centers where 
the study was conducted.

Results

Baseline characteristics of participants 
During the study period, 143 patients were screened; 2 parti-
cipants were excluded because of the parasitemia was above 
50,000 parasites/µl, 10 presented clinical danger signs and 
43 living outside the study area. Finally were included 88 pa-
tients; during follow-up 4 patients were lost and 84 comple-
ted the study. Demographic and laboratory baseline data of 
the participants is summarized in Table 1.

Efficacy results
The treatment outcomes are summarized in Table 2. On day 
1, parasitemia was identified in 78 patients, with an average 
parasite load of 756 parasites/µl (SD = 2.004, median = 157); 
five patients were positive on day 2, with an average of 49 
parasites/µl (SD = 21.9, median = 39). On day 3, all patients 
had cleared parasitemia. An adequate clinical and parasito-
logical response, defined by a negative thick blood smear on 
day 28, was found in 100% of cases, and no treatment failures 
were detected. No serious adverse events were registered.
The PCR results for 4 patients were positive for P. falcipa-
rum on day 28; comparisons between day 0 and 28 were 
not performed. The PCR-corrected per-protocol analysis (4 
lost patients) showed an adequate clinical and parasitolo-
gical response for 95.2%; the cure rate (Kaplan-Meier) was 
90.7–99.8%. The median of the parasitemia on the initial day 
did not differ statistically (P> 0.05; Mann Whitney U test) bet-
ween patients with ACPR (median=4,235) and those conside-
red with parasitological failure using PCR (median =3,625).

Antimalarial drugs blood concentration
The plasmatic concentrations are presented in Table 3. The 
amount of blood was not sufficient to perform the measure-
ments in all patients; however, measurements were made for 
the three analytes in 56 participants (67%) on day 2.

The median values of DHA on day 2 among patients with 
a negative PCR on day 28 and those with a positive result 
were 85.9 ng/ml and 113.8 ng/ml, respectively. The median 
values of ARM on day 2 among patients with a negative PCR 
on day 28 and those with a positive result were 100.9 ng/
ml and 152.9 ng/ml, respectively. For LF concentration, the 
median values on day 2 among patients with a negative PCR 
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determined by PCR.
The treatment was generally well tolerated and no serious ad-
verse events were observed. This finding is consistent with other 
studies in which no serious adverse effects were reported22, 26-27.

Antimalarial drug’s efficacy depends not only on the parasite 
susceptibility to the drug and on its blood concentration but 
also on the host’s immunity. All patients reached adequate the-
rapeutic concentrations. The concentration of the analytes was 
within the normality ranges expected, which include: for ARM 
a Cmax of 66.2 ± 54.3 ng/ml and Cmin of 6.7 ± 8.5 ng/ml; for 
DHA a Cmax of 205 ± 102 ng/ml and a Cmin of 13.4 ± 12.1 ng/
ml; for LF, pharmacokinetics are reported as highly variable, but 
a study in Thailand suggests that the maximum concentrations 
after reaching the maximum absorption time range between 
1,100 ng/ml and 19,000 ng/ml 28. For these reasons, it can be 
proposed as a hypothesis that the therapeutic failures are due 
to resistance of the parasite to the AL combination.

Studies conducted in Colombia have shown high efficacy of 
therapeutic combinations that include artemisinin derivati-
ves. In the region of Urabá, the therapeutic efficacy of di-
fferent combinations with ACT was evaluated in 2002-2006 
through microscopy; ACPR of 96% was found with Artesuna-
te-Sulfadoxine/pyrimethamine, 100% with Artesunate-Amo-
diaquine and 100% with Artesunate-Mefloquine29. Findings 
in 2007 have reported similar results, of 100% mean (95% 
CI: 89.1%-100%) PCR-adjusted ACPR rates for ACT treatment 
(AS-AQ) in the Colombian Pacific region30. Additionally un-
corrected Day-42 cure rates for other ACTs were observed in 
the Pacific region (Tumaco) in 2008: 97.5% for AL and 98.1% 
for Artesunate-Mefloquine22. 

Recurrences of parasitaemia by P. falciparum may be due to a 
recrudescence (a repeated attack of malaria due to the survival 
of parasites in red blood cells) or a reinfection. The first ones are 
due to a therapeutic failure and therefore it is recommended to 
try to differentiate between both situations, which can be at-
tempted through the genetic characterization of the parasites. 
In this study, genotyping was not carried out, which constitutes 
a limitation. However, in Colombia has been described the pre-
sence of many identical or closely related genotypes of P. falci-
parum31 that difficult to achieve this differentiation.

In conclusion this study showed very high therapeutic effi-

Table 1. Demographic and clinical characteristics of 88 patients included. 

n %

Age, years, mean (median) 24.7 (20)

Males 48 54.5

Ethnicity

African descent 75 85.2

Mestizo 9 10.2

Native Americans 4 4.5

Malaria, episodes last year

0 71 80.7

1 9 10.2

2-4 8 9.1

Characteristics of current 
malaria episode

Malaria evolution time, days, 
mean (median)

4.5 (4.0)

Parasitemia day 0, asexual 
forms/µl, mean (median)

9,873 (4,109)

Symptoms during current 
malaria episode

Fever 88 100.0

Cephalea 88 100.0

Shivers 88 100.0

Diaphoresis 86 97.7

Osteomuscular pain 82 93.2

Abdominal pain 41 46.6

Nausea 41 46.6

Diarrhea 13 14.8

on day 28 and those with positive PCR were 1,389.4 ng/ml 
and 1,965.2 ng/ml respectively; in day 7, the respective va-
lues were 200.1 and 1,019.5. No significant differences were 
found between these values (Mann Whitney U-test; p>0.05).

Discussion

A therapeutic efficacy of 100% after a 28 days follow-up was 
established, evaluated by microscopic examination. The de-
tection of submicroscopic parasitemia in four cases (5%) on 
day 28 by PCR may reflect a reduction in susceptibility to AL 
in the region, however reinfections could not be ruled out 
as the cause for these findings. In the analysis, these cases 
were considered as therapeutic failures in accordance with 
findings in the same area in 2009 where a late failure of 1% 
was evidenced 9. From the comparison of this data and the 
findings in the previous study, we infer that the crude and 
PCR-corrected ACPR rates found in the Colombian Pacific re-
gion 9 are similar. Even though AL is the standard treatment 
for uncomplicated P. falciparum malaria in Colombia, the lite-
rature discussing its efficacy is scarce 21-22.

Several studies have shown that high parasite density is asso-
ciated with treatment failure 23-25; in this study, not statistically 
significant difference was found in the initial parasitaemia 
between those who presented ACPR and therapeutic failure 

Table 2. Treatment outcomes at 28 day in 84 patients.

Treatment outcomes
Thick blood film PCR

n % n %

Adequate clinical and 
parasitological response

84 100% 80 95%

Early treatment failure  0 - 0 -

Late clinical failure 0 -
 

0
-

Late parasitological failure 0 - 4 5%
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cacy and safety of the AL combination in the municipality of 
Quibdó, for the treatment of uncomplicated malaria by P. fal-
ciparum, with 100% of adequate clinical and parasitological 
response evaluated by microscopy and 95% when molecular 
diagnosis is applied. All patients achieved the therapeutic 
concentrations of Artemether and Lumefantrine. The thera-
peutic failures stablished by PCR were not associated with 
low levels of the drug in blood. As evidenced by other studies 
in the country, the treatment of uncomplicated malaria by 
P. falciparum with combinations that include derivatives of 
artemisinin has very high efficacy.

Studies should be carried out to separately evaluate the 
drugs that are part of the combinations commonly used in 
order to ensure the useful life of these ACTs, since it is not 
known if the cases of failure are due to the appearance of 
parasites resistant to artemisinin derivatives. In addition, ge-
notyping must be done to interpret the type of recurrence 
that occurs. Regular monitoring of AL is required in view of 
malaria elimination initiatives, which will be largely depen-
dent on therapeutic interventions and regular surveillance.
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