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Background: The geographical overlap of malaria and HIV in sub-Saharan Africa posed a major 
public health challenge, which is further worsened by the potential interactions between antimalarial 
and antiretroviral drugs when co-administered. This study aimed to compare the responses to 
artemether/lumefantrine (AL) treatment among HIV-infected children on nevirapine based highly 
active antiretroviral therapy (HAART) and HIV-non-infected children that were positive for 
Plasmodium falciparum malaria parasites. 
Methods: This is a multi-centered, prospective, non-randomized, open-labelled study with two arms 
consisting of HIV- infected children on nevirapine-based HAART (NVP-arm; n=32) and HIV-non-
infected children (control-arm; n=40). Both groups of patients were treated with AL after microscopic 
confirmation of P. falciparum and were actively monitored for 28 days for efficacy and safety. Primary 
outcome was Adequate Clinical and Parasitological Response (ACPR) after treatment with AL by day 
28. 
Results: Day 28 ACPR was lower in the NVP-arm (90%) compared to the control-arm (100%) of the 
study. In the NVP- arm of the study, 5% of cases had early treatment failure and 5% had late 
parasitological failure. The cumulative risk of developing recurrent malaria in NVP-arm was not 
statistically significantly higher than in the control-arm (P= 0.07). The reported potential adverse 
reactions to AL were mild and included cough, pyrexia, anorexia, and abdominal pain. The cumulative 
risk of developing cough, pyrexia, anorexia and abdominal pain between NVP-arm compared to the 
control-arm was not statistically significant (Hazard ratio [HR], 0.51, 0.79 and 0.37 [95% confidence 
interval {CI}, 0.04–5.26, 0.07-9.32, and 0.04- 3.56]; P= 1.000, 1.000, and 0.637) respectively.
Conclusion: Treatment of uncomplicated malaria with AL was safe and effective after 28 days of 
follow-up in HIV- infected children on NVP. Nevirapine based HAART may, however, lead to delayed 
parasite clearance in children treated with AL.
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1.     Introduction

Malaria remains a major public health problem in Nigeria 

despite the giant strides taken by the government to control 

the disease. Malaria, in Nigeria, accounts for more deaths in 

children than in any other place in the world. It was 

estimated that the number of deaths accrued to malaria was 

409,000 in 2019 compared to 411,000 reported globally in 

2018; Nigeria being responsible for nearly 23% of the total 
1death . 

Artemether-lumefantrine is the first-line treatment for 

uncomplicated malaria in Nigeria. Artemether is short 

acting and responsible for the early clearance of malaria 

parasite in the system while the lumefantrine in the fixed-

dose combination is long acting and responsible for the 

delayed clearance of malaria parasite and prevention of 
2,3recrudescence . Lumefantrine ensures efficacy of the 

combined antimalaria to adequately treat malaria. 

Artemether and lumefantrine are both substrates for 

CYP450 enzyme. The drugs are rapidly metabolized into 

their respective active metabolites, dihydroartemisinin 
4(DHA) and desbutyl-lumefantrine (DBL) . The DHA is 

formed from artemether through CYP450-mediated 
5demethylation .

Antiretroviral agents for HIV/AIDS treatments have 

demonstrated varied effects on malaria prevention and 
6,7treatments . The overall effects have been linked to the 

treatment type and CYP450 enzyme mediated drug-drug 

interaction. Nevirapine-based antiretroviral therapy is a 

common treatment for HIV/AIDS in children in Nigeria 

with potential for interaction with artemether-
8lumefantrine . This drug has the potential to impact 

negatively on the treatment outcome of malaria in this age 
9group . 

The efficacy and tolerability of AL have been established in 
10-13diverse populations . However, continuous efficacy 

check is mandatory for early detection of resistance to 

antimalarial treatment.

Since children living with HIV/AIDS are at a higher risk of 

increased morbidity and mortality due to inadequate 

malaria treatment, it is important to monitor the efficacy of 

malaria treatment because of possible therapeutic failure 

that may result from an interaction between the antimalarial 

and antiretroviral drugs. This study aims to compare the 

responses to artemether/lumefantrine (AL) treatment 

among HIV-infected children on nevirapine based highly 

active antiretroviral therapy (HAART) and HIV-non-

infected children that were positive for Plasmodium 

falciparum malaria parasites. 

2.     Methods

2.1   Study Setting and Ethical Approval

The study was conducted between March 2017 and 

December 2018 at four HIV centers; Lagos University 

Teaching Hospital, Ikorodu General Hospital, Ijede 

General Hospital and Massey Street Children Hospital, 

Lagos, Southwest Nigeria. The protocol of this study was 

approved by the Health Research Ethics Committee of the 

Lagos University Teaching Hospital. The study was 

assigned the approval number (ADM/DCST/HREC/1437). 

Informed consent was obtained from the legally authorized 

representative for all the children below 7 years and assent 

obtained from older children. This research was conducted 
14according to Good Clinical Practice .

2.1.1 Study Population

The population studied are two groups of children 2 to 12 

years infected with malaria. One group are HIV infected 

children being treated with nevirapine-based antiretroviral 

regimen for more than 2 months (n=32) and the other group 

are children without HIV serving as control (n=40).   

2.2   Patients' Eligibility and Enrolment

All HIV infected patients accessing care at the HIV centers 

were routinely screened for falciparum malaria using rapid 

diagnostic test (RDT) kit SD Bioline® and subsequently 

confirmed through malaria microscopy, including those 

with fever and other symptoms of uncomplicated malaria 

such as muscle aches, headache, chills, body weakness, 

pallor, nausea, vomiting, and poor appetite. Patients were 

enrolled into the study only when they met the inclusion 

criteria which include: age 2 to 12 years; microscopic 

confirmation of Plasmodium falciparum malaria; body 

weight ≥6 kg; absence of severe malnutrition; hemoglobin 

concentration not less than 7g/dL; no history of associated 

comorbidity such as tuberculosis, liver or renal failure; no 

history of recent use of any drug that impact CYP450 

enzymes; no prior malaria treatment in ≤28 days, no signs 

of complicated malaria such as multiple or repeated 

c o n v u l s i o n s ,  h y p e r / h y p o - g l y c a e m i a ,  m a c r o -

hemoglobinuria, extreme prostration and hyperpyrexia, 

and easy accessibility to the study centers. 

2.2.1 Treatment, Sample and Procedure

Children positive for Plasmodium falciparum malaria; as 

examined using thick and thin Giemsa-stained blood smear 

through microscopy method done under the supervision of 

a WHO level one certified malaria microscopist were 
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enrolled for this study with the intent to treat. A standard 6-

dose treatment of weight-based artemether-lumefantrine 

(Coartem® Dispersible 20 mg/120 mg, Novartis Pharma 

AG, Basel, Switzerland) was administered with milk in the 

clinic (initial dose) and at home (continued treatment), to 
15enhance and control for lumefantrine absorption . Active 

follow-up was instituted from day 0 (diagnosis) to day28. 

Blood sampling for laboratory assessment done on days 0 

(pre-first dose), 3, 7, 14, 21, and 28. Venous blood was 

collected into vacutainer bottles containing Lithium-

heparin for blood chemistry evaluation and EDTA for 

malaria parasite counting and hematological tests. A dry 

blood spot was made on Whatman filter paper for malaria 

parasite genotyping. Recurrent malaria was typified by 

parasite genotyping using Plasmodium falciparum 

merozoite surface protein 2 (PfMSP2) in a nested-PCR.  

Laboratory and clinical adverse drug reactions were 

monitored and documented. 

2.2.2   Malaria Parasite Density Estimation

Malaria microscopy remains the primary endpoint 

measurement of the level of malaria infection that is 

routinely relied upon in epidemiological studies, 

intervention studies, and clinical trials, involving malaria 
16parasite . This is expressed as parasite density and is 

classically defined as the number of asexual forms of 
17parasite relative to a blood volume in microliter . In the 
18four basic counting techniques using microscopy , White 

Blood Cells (WBCs) are relatively used in estimating 

Plasmodium parasitemia by counting the number of 

parasites against a predetermined number of WBCs on 

Giemsa-stained blood smears.

Due to the frequent lack of facilities in some malaria 

endemic countries to quantify WBCs, an assumed WBCs 

count of 8000/μL of blood has been accepted by World 

Health Organization as reasonably accurate to estimate 
19malaria parasite densities . Assumed WBCs count of blood 

may generate systematic errors which could produce 

incorrect conclusions in patient management or during 

clinical research that uses malaria parasite counts as an end 
18,20point . 

Parasite densities for all participants were, therefore, 

calculated using assumed WBCs count of 5000/μL, 

6000/μL, 8000/μL, and 10000/μL of blood. In addition, we 

used the WBCs reference values established for children < 
215 years (9200/μL) . Blood smears from each participant 

were stained with Giemsa stain for 30 minutes. Parasite 

density was estimated by counting the number of asexual 

parasites per 200 (per 1,000 for gametocytes) white blood 

cells (WBC) on a thick smear. All thick blood smears were 

independently read by two experienced Technologists. A 

smear was declared negative if no asexual parasites were 

seen after examining 200 high-power fields. An additional 

reading was performed for discordant results. An average of 

the parasite counts from the two technologists was taken for 

each sample.

2.3   Outcome measures

An adequate clinical and parasitological response in 

patients at 28 days after antimalarial treatment was the 

primary objective of the study. The classification of 
22treatment outcome was based on WHO guidelines . 

Adequate clinical and parasitological response (ACPR) 

was defined as the absence of parasitemia by day28 after 

initial treatment with AL, irrespective of axillary 

temperature, and not meeting any previous criteria for early 

treatment failure (ETF), late clinical failure (LCF), or late 

parasitological failure (LPF). The secondary outcome was 

the clinical and laboratory adverse events.

2.4   Statistical Analysis

Data were evaluated based on intention-to-treat analysis 

including all eligible patients in nevirapine and control 

groups. Continuous data were expressed as mean with 

standard deviation or median with interquartile range (IQR) 

and the statistical significance was tested between the 

nevirapine group and the control group using student's t-test 

statistic or Mann-Whitney test for continuous variable, 

respectively. Categorical variables were expressed as 

frequency (percentage) and the statistically significant 

associations between variables were tested using the Chi-

square test or Fisher exact test.  Kaplan-Meier survival 

curve was used to determine cumulative success in parasite 

clearance against days and a log-rank test was used to 

determine the equality of survival distributions for the 

different groups. The adverse reaction was assessed based 

on the cumulative risks of the first occurrence of individual 

a d v e r s e  e v e n t s  f o l l o w i n g  t h e  i n i t i a t i o n  o f 

artemether/lumefantrine and was estimated using the 

Kaplan-Meier product limit formula. The risks of 

individual adverse events between treatment arms were 

compared using Cox proportional hazard models. A two-

tailed P-value of <0.05 was considered statistically 

significant.

3.     Results

Out of a total of 1,032 children screened for falciparum 

malaria with rapid diagnostic test kit, 72 (6.98%) children 
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were positive and were recruited for this study; consisting 

of 32 children in the nevirapine group and 40 children in the 

control group. A total of 52 children were included in the 

final analysis, consisting of 20 children in the nevirapine 

group and 32 children in the control group. The reasons for 

the attrition were summarized in Table 2. 

3.1   Baseline Characteristics of the Study Participants:

The median (Inter-quartile range, IQR) age of the study 

participants was 7.50 (6.25-9.00) years in the control group 

and 9.50 (8.00-12.00) years in the nevirapine group (P= 

0.0015). The median (IQR) weight for the control and 

nevirapine groups were 24.50 (21.25 – 29.00) kg and 24.00 

(22.00 – 29.00) kg, respectively. The control group and the 

nevirapine group consist of 16 (50%) and 12 (60%) 

females, respectively. 

Table 1: Baseline characteristics of the demographics, 

laboratory parameters and antimalarial doses for all the 

participants with uncomplicated malaria 
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Baseline Characteristics Control group (n=32) a Nevirapine group (n=20) a P 

Age (years) 7.25 (6.25 – 9.00) 9.50 (8.00 – 12.00) 
0.0015
b 

Weight (kg) 24.50 (21.25 – 29.00) 24.00 (22.00 – 29.00) 
0.6597
b 

Gender, No. (%)  
   Female  16 (50.00) 12 (60.00) 0.573c 

Male 16 (50.00) 8 (40.00) 
 HB (g/dL) 10.67±0.78 9.37±0.27 0.193d 

AST (U/L) 9.09±0.93 7.98±0.85 0.407d 
ALT (U/L)  5.27±0.75 4.52±0.41 0.454d 
ALP (U/L) 25.13±1.02 25.08±0.52 0.974d 
Urea (mg/dL) 25.19±1.42 23.59±0.98 0.418d 
Creatinine (umol/L) 2.29±0.68 1.26±0.05 0.244d 

Parasite Density 21478 (7774-310080) 20907 (8378-41512) 0.915b 

CD4 count (cells/uL) N/A 456 (320-750) 
 Artemether dose (mg) 285.00 ±73.09 288.00±60.31 0.879d 

Lumefantrine dose (mg) 1710±438.53 1728±361.89 0.879d 
 

a Values are Mean ±SD or Median (Interquartile range)
b Reported p values calculated using the Mann-Whitney test for continuous variable
c Reported p values calculated using Chi-squared test for categorical variable
d Reported p values calculated using unpaired t-test for continuous variable
N/A refers to not applicable

3.2 Treatment outcome of uncomplicated malarial episodes 

treated with artemether/lumefantrine
23Standardized WHO  treatment outcomes after 28 days of 

follow-up and the cumulative risk of recurrent malaria on or 

before day 28 were presented in Table 2 and Figure 1. 

Adequate Clinical and Parasitological Response (ACPR) 

was recorded in 100% (95% CI= 90 - 100) at day 28 in the 

control group compared to 90% (95% CI= 70.0 - 100) 

recorded in the nevirapine group. Early treatment failure in 

the form of delayed parasite clearance was observed in the 

5.0% (95% CI =0.0-5.0) of the nevirapine group. PCR 

analysis of the recurrent malarial episode in 5.0% (95% CI 

=0.0-5.0) showed a case of recrudescence.  Kaplan-Meier 

survival curve for cumulative success in parasite clearance 

against day for the control and nevirapine groups is as 

presented in Fig. 1. Log Rank test for equality of survival 

distributions for the different groups shows no statistically 

significant differences between the two curves (p = 0.07). 



Table 2: Malaria treatment outcome for 28 days

Treatment  Pre- induction After-
induction 

WK 1 WK 2 WK 3 WK 4 

Normal control 85.00±  7.91  NI 84.00± 3.39 82.00± 7.21 83.00± 1.58 80.20 ±2.28a 
Drug control 84.00± 8.3 436.40±7.03 254.20± 4.24 143.20± 4.66 89.20± 6.64 84.20 ±4.21a 

Diabetic 
control 

87.00 ±10.36 425.20±9.76 414.60±13.04 303.20± 4.77 308.80±4.44 239.0± 1.73b 

Fraction1 76.60± 6.84 423.00±10.0 289.40± 6.21 231.20 ±4.08 205.00±1.82 201.0± 2.37bc 

Fraction2 75.40±12.42  399.40±13.6 280.8 ±5.79 215.20± 3.47 186.40±3.73 198.0± 2.29c 

Fraction3 76.80±13.66 347.60±7.64 251.60± 5.86 164.60 ±6.33 107.60±2.28 105.6 ±1.49d 

Fraction4 74.80 ±9.95 322.40±5.84 259.80 ±3.27 213.20± 2.37 124.80±3.03 98.20± 9.33e 

Fraction5 76.80 ±3.70 428.60±10.6 308.80± 8.05 235.60 ±6.40 126.00±4.84 112.20± 9.83d 

 

Fig. 1. Kaplan-Meier survival curve
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AL  Nevirapine +AL  

End point for Day 28  Number  
Proportion 
(95%CI)  Number  

Proportion 
(95%CI)  

Adequate Clinical and 
Parasitological Response (ACPR)  32  1.0(0.9-1.0)  18  0.90(0.14-0.20)  
Early Treatment Failure (ETF)  0  0.0(0.0-0.03)  1  0.05(0.00-0.05)  
Late Clinical Failure (LCF) 0  0.0(0.0-0.03)  0  0.00(0.00-0.03)  
Late Parasitological Failure (LPF)  0  0.0(0.0-0.03)  1  0.05(0.00-0.05)  
Total analysis 32  20  
Withdrawal 3  3  

*LFU 5  9  
Total 40  32  
 *Lost to follow-up 

3.3 Risks for clinical adverse effects of AL for all the participants

Among the list of pre-determined clinical adverse effects documented for AL use in children, four of them (cough, pyrexia, 

anorexia, and abdominal pain) were cumulatively recorded in 16 (30.8%) of the participants. The severity of all the adverse 

effects was mild and resolved within seven days following initiation of AL therapy. Adverse effects due to cough, pyrexia, 

anorexia, and abdominal pain occurred in 11 (34.4%) of the control group compared to 5 (25.0%) of the nevirapine group. 

The risk of developing each of the adverse effects reported and the hazard ratio between the groups was recorded in Table 4. 

The Cox proportional hazard model shows no statistically significant difference in the risks for these adverse effects 

between the groups at different time intervals. 
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Table 3: Risk of common adverse effects to AL after days 1 to 7 of antimalarial therapy initiation 

3.4 Comparison of the Risks for Laboratory Adverse events

Laboratory parameters measured include hemoglobin (Hb), Liver function (AST, ALT, and ALP), and Kidney function 

(urea and creatinine clearance) were measured and recorded for all the participants at each visit. The mean values of the 

parameters at each visit were compared for both the control nevirapine groups.  The mean Hb values for the control groups 

did not statistically significantly differ from those of the nevirapine groups from day 0 to day 28 of treatment (Table 4).

Control  Nevirapine  

Days ADR Risk*  HR† (95% CI)  p value  

1-7 Cough 9.38% 5.00%  0.51 (0.04-5.26)  1.000  

Pyrexia 6.25% 5.00%  0.79 (0.07-9.32)  1.000  

Anorexia 6.25% 10.00%  1.67 (0.22-12.89)  0.634  

Abdominal pain 12.50% 5.00%  0.37 (0.04-3.56)  0.637  

 
* Cumulative risk during the time interval of interest estimated using the Kaplan-Meier product limit formula
†HR = hazard ratio for Nevirapine vs. control, generated using Cox proportional hazard models adjusted for repeated measures in the 
same patient

Table 4: Changes in the hemoglobin levels for all the participants before and after initiating the antimalarial (AL) drug 

Parameter 

(Normal) 

Days Control Nevirapine p value a 

HB (>7) D0 10.67±0.78 9.37±0.27 0.1925 

 D3 10.53±0.67 9.26±0.27 0.135 

 D7 11.6±1.27 10.05±0.58 0.4994 

 D14 11.15±0.37 9.55±0.44 0.0584 

 D21 11.83±1.39 9.3±0.01 0.4856 

 D28 9.43±0.68 10.21±0.31 0.2472 

 a
 Reported p values calculated using unpaired t-test for continuous variable; HB: Hemoglobin

4.     Discussion

Artemether/lumefantrine showed a high efficacy against 

uncomplicated falciparum malaria in both treatment groups 

in this study.  Despite the endemicity of malaria in the study 

locations, recurrent malaria was not common. In this study, 

adequate clinical and parasitological response (ACPR) was 

recorded in 100% of the patients in the control group treated 

with AL only, at day 28. This under-scored the efficacy 

reports of AL in the treatment of uncomplicated malaria 

11-13across all ages as reported in previous studies . ACPR 

was recorded in only 90% of the participants in the 

nevirapine group. However, this was lower than the rate 
22recorded in adult population of similar design in Tanzania . 

Comparing the two arms of this study, the 95% confidence 

intervals of the ACPR from both arms falls within the 90% 
23minimum efficacy threshold defined by the WHO . There 

was a recorded case of early treatment failure in the form of 

delayed parasite clearance representing 5% of the 

participants in the test group and none was recorded among 
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the participants in the control group. Further monitoring of 

the participants showed no parasite presence in the blood 

samples on day 7 after antimalarial therapy initiation. 

Although this may be a proxy indication of resistance to AL 
24in the test group as suggested by the WHO . The WHO has 

defined an increased parasite clearance time with ≥ 10% of 

cases with detectable P. falciparum parasites on day 3 as a 
24suspected artemisinin resistance , yet the threshold was not 

met in this study.

Recrudescence, re-emergence of falciparum parasite with 

similar genotype, represented late parasitological failure 

was reported in 5% of the participants in the test group but 

none was recorded in the control group. Comparable 

magnitude of recrudescence has been reported in earlier 

study on the efficacy of AL in the treatment of 
11uncomplicated malaria in under five children in Nigeria . 

Recrudescence may have occurred in this study due to 

increased elimination clearance of lumefantrine in the 

presence of nevirapine in the system of the participants in 

the test group compared to those in the control group. 

Recrudescent infection may not be an indication of 

resistance to AL but due to the short half-lives of both 

artemether and lumefantrine as previously reported in 
25Thailand before the emergence of resistance to the drugs . 

We also reported no clinical failure in both arms of the 

study; therefore, no emergency or rescue treatment was 

warranted.

The results from this study showed that AL is safe for the 

treatment of uncomplicated malaria in HIV infected 

children on nevirapine based therapy and non-infected HIV 

children.  The adverse reactions to AL antimalarial drug 

recorded were mild in severity and did not necessitate 

treatment discontinuation. Clinical adverse reaction 

recorded are cough, pyrexia, anorexia, and abdominal pain. 

The proportion of participants who experienced each of the 

adverse effects to AL were not statistically significantly 

differ between the control and nevirapine groups (Table 3). 

Artemether and Lumefantrine has been extensively studied 

in clinical trials primarily from Asia and Africa. A review of 

AL safety and tolerability in 27 RCTs for children from 

Africa and Papua New Guinea, adverse drug events 

recorded in the review were mainly cough and gastro-
25intestinal symptoms . In a similar review of 1,869 patients 

of which 33% were children from Asia, gastro-intestinal 

symptoms (nausea, vomiting, and diarrhea), and 

neurological symptoms (headache, and dizziness) were the 
26most commonly reported adverse events . In this study, 

there was non-significant lower risk of abdominal pain, 

cough, and pyrexia due to AL in HIV-infected children 

treated with nevirapine compared to the control group 

(Table 3). However, there was non-significant higher risk of 

anorexia due to AL in HIV-infected children treated with 

nevirapine compared to the control. This is also in-line with 
10the report of Katrak et al. , who found no statistically 

significant difference in the risk of development of adverse 

event to AL among HIV infected and HIV non-infected 

children.

Furthermore, we observed laboratory abnormalities. The 

commonest laboratory abnormalities in malaria studies 

were related to hematological derangement, especially 
27anaemia . In our study, due to ethical considerations, 

children with underlining severe anemia were excluded 
28from enrolment. Parikh et al. , in their study reported less 

than 20 cases of grade 3 laboratory abnormalities which are 

hematological related abnormalities in the context of 366 

episodes of malaria recorded in that study. 

Protease inhibitor-based antiretroviral therapy compared 

nevirapine-based has been reported to increase the plasma 
7,28lumefantrine level in children . This may have far-

reaching effects especially in the context of adverse drug 

events occurrence. Although, these drugs tend to potentiate 
6the antimalarial effect of lumefantrine  by inhibition of 

9CYP3A4  in one hand, these drugs have also been reported 

to possess intrinsic antimalarial effect especially 
29,30Lopinavir/ritonavir . In this study, nevirapine-based ART 

demonstrated a modulation of ADR, when compared to the 

control group.

The key limitation of this study lies in the limited number of 

subjects recruited for the study especially in those treated 

with nevirapine-based ART. Since, the study is hinged on 

intent to treat, positive microscopy for falciparum malaria 

was one of the major inclusion criteria. Unfortunately, 

access to self-treatment with AL without running adequate 

malaria test is common in Nigeria especially among parents 

or guardians of HIV-infected children. Therefore, this tend 

to limit the number of visitations to the hospital and 

possibility of being included in the study.

5.     Conclusion

It is concluded that AL is generally safe and retains its 

efficacy against uncomplicated malaria in HIV-infected 

children treated with nevirapine-based ART. Nevirapine 

based HAART may, however, lead to delayed parasite 

clearance in children treated with AL.

Acknowledgment and Financial disclosure

We acknowledge the contributions of the staff of the 

following Hospitals; APIN Clinic LUTH, Ikorodu General 



	
Page		|		37	

	
THE			NIGERIAN			JOURNAL			OF			PHARMACY			|			VOL.	56,		ISSUE	(1)			2022

Hospital Ikorodu, Massey Children Hospital Lagos Island, 

and Ijede General Hospital.

This work was supported by the University of Lagos 

Central Research Committee (CRC) research grant (CRC 

NO. 2018/20). 

References

1.WHO (2020) World malaria report 2020: 20 years of 

global progress and challenges. Geneva: World Health 

Organization. Licence: CC BY-NC-SA 3.0 IGO 

https://www.who.int/publications/i/item/9789240015791. 

Accessed September 20, 2021

2. Ashley EA, Stepniewska K, Lindegårdh N, McGready R, 

Annerberg A, Hutagalung R, Singtoroj T, Hla G, Brockman 

A, Proux S, Wilahphaingern J, Singhasivanon P, White NJ, 

Nosten F. (2007) Pharmacokinetic study of artemether-

lumefantrine given once daily for the treatment of 

uncomplicated multidrug-resistant falciparum malaria. 

Tropical Medicine and International Health 12: 201–8. 

DOI:10.1111/j.1365-3156.2006.01785.x

3. Tarning J, Kloprogge F, Dhorda M, Jullien V, Nosten F, 

White NJ, Guerin PJ, Piola P. (2013) Pharmacokinetic 

properties of artemether, dihydroartemisinin, lumefantrine, 

and quinine in pregnant women with uncomplicated 

Plasmodium falciparum malaria in Uganda. Antimicrobial 

A g e n t s  C h e m o t h e r a p y  5 7 :  5 0 9 6 – 1 0 3 .  D O I : 

10.1128/AAC.00683-13

4. White N.J, van Vugt M, Ezzet F.  (1999) Clinical 

pharmacokinetics and pharmacodynamics of artemether-

lumefantrine. Clinical Pharmacokinetics 37: 105-125. 

DOI: 10.2165/00003088-199937020-00002

5. Udomsangpetch, R., B. Pipitaporn, K. Silamut, R. 

Pinches, S. Kyes, S. Looareesuwan, C. Newbold, and N. J. 

White. (2002) Febrile temperatures induce cytoadherence 

of  r ing-stage Plasmodium falciparum-infected 

erythrocytes. Proceedings of the National Academy of 

Science of the United States of America 99:11825–11829. 

DOI: 10.1073/pnas.172398999

6. Achan J, Kakuru A, Ikilezi G, Ruel T, Clark TD, 

Nsanzabana C. (2012) Antiretroviral Agents and 

Prevention of Malaria in HIV-Infected Ugandan Children. 

New England Journal of Medicine 367(22):2110±8. Epub 

2012/11/30. DOI: 10.1056/NEJMoa1200501 

7. Hobbs CV, Gabriel EE, Kamthunzi P, Tegha G, Tauzie J, 

Petzold E. (2016) Malaria in HIV-Infected Children 

Receiving HIV Protease-Inhibitor- Compared with Non-

Nucleoside Reverse Transcriptase Inhibitor-Based 

Antiretroviral Therapy, IMPAACT P1068s, Sub-study to 

P 1 0 6 0 .  P L o S  O N E  1 1 ( 1 2 ) :  e 0 1 6 5 1 4 0 . 

DOI:10.1371/journal. pone.0165140

8. Oshikoya, K. A, Oreagba, I. A, Lawal, S., Awodele, O., 

Ogunleye, O. O., Senbanjo, I. O., Olayemi, S.O., Akanmu, 

S. A. (2014). Potential drug-drug interactions in HIV-

infected children on antiretroviral therapy in Lagos, 

Nigeria. HIV/AIDS (Auckland, N.Z.) 6, 49–59. 

http://doi.org/10.2147/HIV.S52266

9. Khoo, S., D. Back, and P. Winstanley. (2005) The 

potential for interactions between antimalarial and 

antiretroviral  drugs.  AIDS 19:995–1005. DOI: 

10.1097/01.aids.0000174445.40379.e0

10. Katrak S, Gasasira A, Arinaitwe E, Kakuru A, Wanzira 

H, Bigira V, Sandison TG, Homsy J, Tappero JW, Kamya 

MR, and Dorsey G. (2009) Safety and tolerability of 

artemether-lumefantrine versus dihydroartemisinin-

piperaquine for malaria in young HIV-infected and 

uninfected children. Malarial Journal 8:272. DOI: 

10.1186/1475-2875-8-272

11. Tavul L, Hetzel MW, Teliki A, Walsh D, Kiniboro B, 

Rare L, Pulford J, Siba PM, Karl S, Leo Makita L, Robinson 

L, Kattenberg JH, Laman M, Oswyn G, and Mueller I. 

(2018) Efficacy of artemether–lumefantrine and 

dihydroartemisinin–piperaquine for the treatment of 

uncomplicated malaria in Papua New Guinea. Malarial 

Journal 17:350. DOI: 10.1186/s12936-018-2494-z

12. Oguche S, Okafor HU, Watila I, Meremikwu M, Agomo 

P, Ogala W, Agomo C, Ntadom G, Banjo O, Okuboyejo T, 

Ogunrinde G, Odey F, Aina O, Sofola T, and Sowunmi A. 

(2014). Efficacy of Artemisinin-Based Combination 

Treatments of Uncomplicated Falciparum Malaria in 

Under-Five-Year-Old Nigerian Children. American 

Journal of Tropical Medicine and Hygiene 91(5), 925–935. 

DOI: 10.4269/ajtmh.13-0248

13. Kakuru A, Jagannathan P, Arinaitwe E, Wanzira H, 

Muhindo M, Bigira V, Osilo E, Homsy J, Kamya MR, 

Tappero JW, and Dorsey G. (2013) The Effects of ACT 

Treatment and TS Prophylaxis on Plasmodium falciparum 

Gametocytemia in a Cohort of Young Ugandan Children. 

American Journal of Tropical Medicine and Hygiene 88(4), 

736–743. DOI: 10.4269/ajtmh.12-0654

14. World Medical Association Declaration of Helsinki: 

(2013) Ethical principles for medical research involving 

human subjects. The Journal of the American Medical 

A s s o c i a t i o n  3 1 0 ( 2 0 ) ,  2 1 9 1 – 4 . 

http://doi.org/10.1001/jama.2013.281053.

15. Ashley EA, Stepniewska K, Lindegardh N, (2007) How 

much fat is necessary to optimize lumefantrine oral 

bioavailability? Tropical Medicine and International 

H e a l t h  1 2 : 1 9 5 – 2 0 0 .  D O I :  1 0 . 1111 / j . 1 3 6 5 -



	
Page		|		38

	
THE			NIGERIAN			JOURNAL			OF			PHARMACY			|			VOL.	56,		ISSUE	(1)			2022

3156.2006.01784.x

16. O'Meara W. P., Barcus M, Wongsrichanalai C. (2006) 

Reader technique as a source of variability in determining 

malaria parasite density by microscopy,” Malaria Journal 5 

article 118.  DOI: 10.1186/1475-2875-5-118

17. Hammami I, Nuel G, and Garcia A, (2013) Statistical 

properties of parasite density estimators in Malaria. PLoS 

ONE, vol .  8 ,  no.  3 ,  Art ic le  ID e51987.  DOI: 

10.1371/journal.pone.0051987

18. WHO, (2010) Basic Malaria Microscopy, World Health 

O r g a n i z a t i o n ,  G e n e v a ,  S w i t z e r l a n d ,  

http://whqlibdoc.who.int/publications/2010/97892415478

26_eng.pdf

19. Adu-Gyasi D, Adams M, Amoako S, (2012) Estimating 

malaria parasite density: assumed white blood cell count of 

10,000/μl of blood is appropriate measure in Central 

Ghana,” Malaria Journal, vol. 11, article 238. DOI: 

10.1186/1475-2875-11-238

20. Zlotkin S, Newton S, Aimone A.M. (2013) Effect of iron 

fortification on malaria incidence in infants and young 

children in Ghana: a randomized trial,” The Journal of the 

American Medical Association 310 (9) 938–947.  DOI: 

10.1001/jama.2013.277129

21. World Health Organization (2009) Methods for 

surveillance of antimalarial drug efficacy. Geneva. 

9789241597531_eng.pdf;sequence=1 (who.int)

22. Maganda, B.A., Ngaimisi, E., Kamuhabwa, A. R., 

Aklillu, E. and Minzi. O. M. R. (2015) The influence of 

nevirapine and efavirenz-based anti-retroviral therapy on 

the pharmacokinetics of lumefantrine and anti-malarial 

dose recommendation in HIV-malaria co-treatment. 

Malarial Journal 14: 179-184. DOI: 10.1186/s12936-015-

0695-2

23. World Health Organization (2015) WHO Guidelines for 

t h e  t r e a t m e n t  o f  m a l a r i a .  3 r d  e d .  G e n e v a .  

https://apps.who.int/iris/handle/10665/162441 Accessed 

September 20, 2021

24. World Health Organization (2017) Artemisinin and 

artemisinin-based combination therapy resistance. In: 

Ringwald P, editor. Drug efficacy and response. Geneva. 

A v a i l a b l e  a t 

https://apps.who.int/iris/bitstream/handle/10665/274362/

WHO-CDS-GMP-2018.18-eng.pdf. Accessed September 

20, 2021

25. Ittarat W, Pickard AL, Rattanasinganchan P, Wilairatana 

P, Looareesuwan S, Emery K, Low J, Udomsangpetch R, 

Meshnick SR, (2003) Recrudescence in artesunate-treated 

patients with falciparum malaria is dependent on parasite 

burden not on parasite factors. American Journal of 

Tropical Medicine and Hygiene 68: 147–152.

26. Egunsola O and Oshikoya KA (2013) Comparative 

safety of artemether-lumefantrine and other artemisinin-

based combinations in children: a systematic review. 

Malarial Journal, 12:385. DOI: 10.1186/1475-2875-12-

385

27. Bakshi R, Hermeling-Fritz I, Gathmann I, Alteri E. 

(2000) An integrated assessment of the clinical safety of 

artemether-lumefantrine: A new oral fixed-dose 

combination antimalarial drug. Transactions of The Royal 

Society of Tropical Medicine and Hygiene, 94:419-24.  

DOI: 10.1016/s0035-9203(00)90126-3

28. Parikh S, Kajubi R, Huang L, Ssebuliba J, Kiconco S, 

Gao Q, Li F, Were M, Kakuru A, Achan J, Mwebaza N, and 

Aweeka FT. (2016) Antiretroviral Choice for HIV Impacts 

Antimalarial Exposure and Treatment Outcomes in 

Ugandan Children. Clinical Infectious Diseases, 

63(3):414-422. DOI: 10.1093/cid/ciw291

29. Nsanzabana C. and  Rosenthal PJ. (2011) In Vitro 

Activity of Antiretroviral Drugs against Plasmodium 

falciparum. Antimicrobial Agents and Chemotherapy, 55 

(11).  DOI: 10.1128/AAC.05130-11

30. Azevedo R, Mendes AM, Prudêncio M. (2020) The 

Impact of Antiretroviral Therapy on Malaria Parasite 

Transmission. Frontiers in Microbiology, 24; 10:3048. 

DOI: 10.3389/fmicb.2019.03048


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

