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Abstract 

Background:  Malaria is a major public health problem in India and accounts for about 88% of malaria burden in 
South-East Asia. India alone accounted for 2% of total malaria cases globally. Anti-malarial drug resistance is one of 
the major problems for malaria control and elimination programme. Artemether-lumefantrine (AL) is the first-line 
treatment of uncomplicated Plasmodium falciparum in north eastern states of India since 2013 after confirming the 
resistance against sulfadoxine-pyrimethamine. In the present study, therapeutic efficacy of artemether-lumefantrine 
and k13 polymorphism was assessed in uncomplicated P. falciparum malaria.

Methods:  This study was conducted at four community health centres located in Koraput district of Odisha, Bastar 
district of Chhattisgarh, Balaghat district of Madhya Pradesh and Gondia district of Maharashtra state. Patients with 
uncomplicated P. falciparum malaria were administered with fixed dose combination (6 doses) of artemether-lume‑
fantrine for 3 days and clinical and parasitological response was recorded up to 28 days as per World Health Organiza‑
tion protocol. Nucleotide sequencing of msp1 and msp2 gene was performed to differentiate between recrudescence 
and reinfection. Amplification and sequencing of k13 propeller gene region covering codon 450–680 was also carried 
out to identify the polymorphism.

Results:  A total 376 malaria patients who fulfilled the enrolment criteria as well as consented for the study were 
enrolled. Total 356 patients were followed up successfully up to 28 days. Overall, the adequate clinical and parasi‑
tological response was 98.9% and 99.4% with and without PCR correction respectively. No case of early treatment 
failure was observed. However, four cases (1.1%) of late parasitological failure were found from the Bastar district of 

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​
mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​mmons.​org/​publi​cdoma​in/​
zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Malaria Journal

*Correspondence:  saprapbs@yahoo.co.in
^Neeru Singh: deceased on 19th August 2017.
1 ICMR-National Institute of Research in Tribal Health, Jabalpur, Madhya 
Pradesh, India
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-4675-6869
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-021-03762-7&domain=pdf


Page 2 of 10Krishna et al. Malar J          (2021) 20:229 

Background
Malaria is a major public health problem in India and 
accounts for about 88% of malaria burden in South-East 
Asia. India alone accounted for 2% of total malaria cases 
globally [1]. In India, a total of 3,38,494 malaria cases was 
reported in year 2019 and about 46.4% of malaria cases 
were caused by Plasmodium falciparum monoinfections 
[2]. Anti-malarial drug resistance is one of the major 
problems for malaria control and elimination programme 
[3].

First information of chloroquine resistant P. falcipa-
rum was reported from Assam in 1973 within India [4], 
and resistance gradually spread to other states cover-
ing almost entire country [5]. Emergence of sulfadox-
ine-pyrimethamine (SP) resistance was also reported 
in Karbi-Anglong, district of Assam in 1979 [6]. SP 
resistance was again reported in 1992 from Chang-
lang district of Arunachal Pradesh, a state of north-east 
India [7]. Later artemisinin-based combination therapy 
(ACT), using artesunate plus sulfadoxine-pyrimeth-
amine (AS + SP), was introduced as the second-line 
drug in 2005, in case of chloroquine treatment failures. 
In 2007, AS + SP was selected as the first-line treatment 
in areas with identified resistance [8]. In 2010, this treat-
ment became the first-line treatment throughout India 
[9]. Later, due to reports of resistance to partner drug 
SP in North Eastern States, Co-formulated tablet of 
artemether-lumefantrine (AL) was introduced by pro-
gramme for the treatment of P. falciparum cases [10].

Fixed dose combination of artemether (20  mg) and 
lumefantrine (120  mg) is commercially available. 
Artemether has a half-life of 1–3  h, as it absorbs and 
metabolizes quickly leading to fast clearance of para-
site from blood. Due to longer half-life of lumefantrine 
(3–6  days), it further eliminates the residual parasite 
from the malaria patient and helps to prevent the recru-
descence [11]. Therefore, combination of artemether and 
lumefantrine reduces the chance of parasite to develop 
resistance.

Mutation in k13 propeller gene has found to be asso-
ciated with artemisinin resistance in Southeast Asia 
[12]. Many mutations Y493H, R539T, I543T, and C580Y 
are known which are responsible for in  vivo  and  in 

vitro  artemisinin resistance, while P553L is known for 
delayed parasite clearance in Southeast Asia [13]. India is 
a major contributor to the malaria load in Southeast Asia. 
Therefore, it is also important to keep track of emerging 
alleles of k13 in India.

Periodic monitoring of therapeutic efficacy is recom-
mended by World Health Organization (WHO) to con-
trol the malaria and avoid the spread of resistant parasite 
in the population. Therefore, therapeutic efficacy of AL 
for the treatment of uncomplicated P. falciparum malaria 
was assessed in four states, Madhya Pradesh, Chhat-
tisgarh, Maharashtra and Odisha and mutation in k13 
propeller gene was analysed to confirm the artemisinin 
resistance.

Methods
Study site details
This study was a one-arm prospective study conducted at 
four sites during June 2017 to Dec 2017. These four com-
munity health centres (CHCs) located in Koraput district 
of Odisha, Baster district of Chhattisgarh, Balaghat dis-
trict of Madhya Pradesh and Gondia district of Maha-
rashtra state (Fig.  1). Selection of these sites was based 
on malaria endemicity and geographic profile. These 
sites are tribal dominating located in remote forest and 
malaria is a major health problem in these areas. Both P. 
falciparum and Plasmodium vivax were reported from 
these sites. The selected CHCs were having sufficient 
facility for management of uncomplicated malaria. All 
these sites were at distance of 40 to 70 km from their dis-
trict headquarter for the management of severe malaria 
cases at district hospitals.

Screening of malaria patients
Febrile patients aged between 6  months and 60  years 
of age attending the CHC hospitals were screened for 
malaria parasite by microscopy and patients with uncom-
plicated P. falciparum infection were asked to participate 
in the study. The unmarried female (12–18  years) were 
excluded from the study as the request for pregnancy test 
and initiation of contraceptive was not acceptable in local 
areas.

Chhattisgarh. Genotyping of msp1 and msp2 confirmed 2 cases each of recrudescence and reinfection, respectively. 
Mutation analysis of k13 propeller gene showed one non-synonymous mutation Q613H in one isolate from Bastar.

Conclusions:  The study results showed that artemether-lumefantrine is highly effective in the treatment of uncom‑
plicated P. falciparum malaria among all age groups. No functional mutation in k13 was found in the study area. The 
data from this study will be helpful in implementation of artemether-lumefantrine in case of treatment failure by 
artesunate plus sulfadoxine-pyrimethamine.

Keywords:  Therapeutic efficacy, Artemether-lumefantrine, Plasmodium falciparum, Malaria
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Inclusion criteria
Symptomatic patients aged 6  months (> 5  kg body 
weight) and 60  years of age with uncomplicated 
malaria due to monoinfection of P. falciparum (para-
sitaemia of 1000 to 100,000/μL asexual forms micro-
scopically), fever or history of fever within 24 previous 
hours, ability to swallow oral medication and willing to 
comply with the study protocol for the duration of the 
study were included [14].

Exclusion criteria
Patients with general danger signs or signs of severe fal-
ciparum malaria; severe malnutrition; mixed or mono-
infections other than P. falciparum species as detected 
by microscopy; febrile conditions caused by a disease 
other than malaria or another known underlying chronic 
or severe disease; female patients with positive preg-
nancy test or breastfeeding, who were unable to drink, 
had severe vomiting, presence of lethargy or decreased 

Fig. 1  Map showing the study sites i.e. district Koraput (Odisha), district Bastar (Chhattisgarh), district Balaghat (Madhya Pradesh) and district 
Gondia (Maharashtra)
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consciousness, inability to sit or stand, were all excluded 
[14].

Sample size
As the treatment failure rate to (artemether-lumefan-
trine) in the area is unknown, 5% was assumed. At a con-
fidence level of 95% and a precision around the estimate 
of 5%, a minimum of 73 patients must be included. With 
a 20% increase to allow loss to follow-up and withdraw-
als during the 28 day follow-up period, 88 patients were 
required in the study per site.

Enrolment and sample collection
The patient screening and enrolment started from 
June 2017 till December 2017. Patients presenting with 
fever or history of fever and symptoms of malaria were 
screened for malaria parasites by microscopy. Patients 
positive for P. falciparum malaria and fulfilling the enrol-
ment criteria were enrolled in the study. The demo-
graphic information (age, gender, body temperature) 
were recorded. Two to three drops of finger prick blood 
was also blotted on to 3 MM filter paper (Whatman 
International Ltd., Maidstone, UK) at the time of enrol-
ment and during the follow-up for molecular study.

Anti‑malarial treatment with artemether‑lumefantrine
Enrolled patients were clinically examined by on duty 
medical officer and artemether-lumefantrine tablets were 
administered orally according to body weight, twice a day 
over 3  days (Make-Ipca, Batch No.-DYI576027, Expiry 
date-01/2018) as per Indian National Malaria Drug Pol-
icy 2013 [15]. Female patients were asked for pregnancy 
test as the drug is contraindicated in the first trimester of 
pregnancy. Clinical and parasitological parameters were 
monitored over a 28-day follow-up period to evaluate 
drug efficacy. The day patient was enrolled and admin-
istered with first dose of artemether-lumefantrine was 
mentioned as 0  day. Patients were observed for a mini-
mum 30 min after intake of drug to ensure that there was 
no vomiting after treatment. After three days of com-
pleted treatment (0, 1, 2  day), clinical and microscopic 
follow up examination of patients on 3, 7, 14, 21 and 
28 day was also performed and outcomes were recorded 
into the following categories according to the WHO pro-
tocol [14].

Study definition
Early treatment failure (ETF)
Patient develops danger signs or severe malaria on Day 1, 
Day 2 or Day 3 and there are parasites in the blood, or the 
number of parasites in the blood on Day 2 is greater than 
that on the day of enrolment (Day 0), or axillary tempera-
ture on Day 3 is ≥ 37.5  °C and there are parasites in the 

blood on Day 3, and Day 3 parasitaemia ≥ 25% of those 
counted at the day of enrolment (Day 0).

Late clinical failure (LCF)

•	 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 cri-
teria of early treatment failure; and

•	 Presence of parasitaemia on any day between day 4 
and day 28 with axillary temperature ≥ 37.5  °C in 
patients who did not previously meet any of the cri-
teria of early treatment failure.

Late parasitological failure (LPF)
Presence of parasitaemia on any day between day 7 and 
day 28 with axillary temperature < 37.5 °C in patients who 
did not previously meet any of the criteria of early treat-
ment failure or late clinical failure”.

Adequate clinical and parasitological response (ACPR)
Absence of parasitaemia on day 28, irrespective of axil-
lary temperature, in patients who did not previously meet 
any of the criteria of early treatment failure, late clinical 
failure or late parasitological failure”.

Microscopic examination of blood
Counting of parasite was done on Giemsa-stained thick 
blood films until 200 white blood cells (WBCs) counted 
by light microscopy. Parasite density (asexual parasites 
per μL of blood), was calculated as number of asexual 
parasites divided by the number of WBCs counted, and 
then multiplying it by an assumed WBC number (6000 
per μL). When the number of asexual parasites was < 100 
per 200 WBCs in follow-up smears, counting was done 
against at least 500 WBCs. A blood slide sample was 
considered negative when no asexual parasite seen after 
examination of 1000 WBCs or 100 fields of thick smear. 
The presence of gametocytes on the day the patient was 
enrolled or on the day of follow-up was also recorded.

Quality assurance of microscopy
Blood smears of enrolled patients, including follow-up 
smears, were examined by two independent WHO level 
1 qualified microscopists. If any discordance was found, 
a third reading was performed by another senior micros-
copist. Counting of parasite was also performed by two 
independent microscopists. If the difference between two 
readings varied by > 25%, counting was again performed 
by a third microscopist. Each reader was unaware to the 
result of other reader.
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Data entry and statistical analysis
Data from both clinical and parasitological assessments 
for each participant were entered and therapeutic effi-
cacy was analysed using WHO standardized Microsoft 
Excel data collection sheet. Furthermore, survival analy-
sis among total subjects from all study sites was per-
formed using STATA software version 14.

Molecular analysis
If any patient was found positive for malaria parasite dur-
ing follow up period, two to three drops of finger prick 
blood was also collected on 3 MM Whatman filter paper 
for identification of mixed infection using molecular 
tools. Genomic DNA was isolated and species-specific 
nested PCR was carried out using primers targeting the 
18 s rRNA gene for the identification of Plasmodium spe-
cies [16]. PCR and sequencing of msp1, msp2 and k13 
gene was performed as per previously published protocol 
[17, 18]. Recrudescence was defined as at least one iden-
tical allele for each of the two markers (msp1 & msp2) in 
the pre-treatment (Day 0) and post-treatment samples 
(day of parasite observed). Reinfection was diagnosed 

when all alleles for at least one of the markers differed 
between the two samples.

Sequence analysis
Sequencing result were analysed with analysis software 
v5.2 (Applied Biosystems) and sequence alignment was 
performed using GeneDoc software [19].

Results
Prevalence of malaria and enrolment of study subject
Overall, 10,712 patients from 1 to 60 years were screened 
for malaria parasite during the study period. Malaria pos-
itivity rate was 17.9% (1915/10712) with 84% (1602/1915) 
P. falciparum monoinfection. A total 12% (224/1915) case 
of P. vivax and 4% (86/1915) mixed infection of P. falci-
parum and P. vivax was recorded. Out of 1602 mono P. 
falciparum cases, a total 376 malaria patients who ful-
filled the enrolment criteria as well as consented for the 
study were enrolled. Therapeutic efficacy was determined 
in 356 (94.7%) patients who had completed their 28 days 
follow-up while 20 patients were either withdrawn from 
the study or loss to follow up due to various reasons 
(Fig. 2).

Fig. 2  Flowchart showing screening, enrolment and follow-up of malaria patients at all four study sites. ACPR: adequate clinical and parasitological 
response; LPF: late parasitological failure
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Demographic information of study participant
Background characteristics of the enrolled patients are 
summarized in Table  1. The median (range) age of the 
patients was 11  years (1  year–60  years). Most of the 
patients (49%) were 5–15  years old followed by adults 
(35%) and rest 16% were under 5 years and this difference 

was statistically significant (P < 0.001). A similar trend 
of patient’s age was observed at each site and no signifi-
cant difference between the sites was recorded. Overall 
62% patients were male and 38% were female which is 
significant statistically (P < 0.0001) and similarly at each 
site male were significantly more than female. Geometric 

Table 1  Summary statistics of the study participants at four sites

n number, µL micro liter, MP Madhya Pradesh, CG Chhattisgarh, MH Maharashtra, OD Odisha

MP (n = 105) CG (n = 117) MH (n = 82) OD (n = 72) Total (n = 376)

Age (years)

 Median 11 10 18 8 11

 Mean 15.5254 14.27778 23.37805 11.95833 16.16667

 SD 13.27809 10.95415 17.77544 10.49673 13.82476

 25th percentile 7 7 8 6 7

 75th percentile 19 20 38 14 21

 Min. 1 2 1.5 2 1

 Max. 59 52 60 50 60

Age group (years)

 Under 5 (%) 12 (11.4) 19 (16.2) 13 (15.9) 17 (23.6) 61 (16.22)

 5–15 (%) 65 (61.9) 58 (49.6) 21 (25.6) 40 (55.6) 184 (48.94)

 Adult (%) 28 (26.7) 40 (34.2) 48 (58.5) 15 (20.8) 131 (34.84)

Sex

 Male (%) 49 (46.7) 85 (72.6) 48 (58.5) 50 (69.4) 232 (61.70)

 Female (%) 56 (53.3) 32 (27.4) 34 (41.5) 22 (30.6) 144 (38.30)

Weight (kg)

 Median 20 29 40 22 26

 Mean 26 31 36 26 29.77287

 SD 14.4 15.9 15.7 14.7 15.65803

 25th percentile 15 18 22 14.5 16

 75th percentile 35 46 47 38 44

 Min. 3 6 8 9 3

 Max. 65 65 76 69 76

Height (cm)

 Median 125 140 148 120.5 133

 Mean 129 136 141 122 132.3378

 SD 22.8 28.2 24.5 25.2 26.22478

 25th percentile 113 116 124 99 112

 75th percentile 148 161 160 146.5 155

 Min. 75 48 80 73 48

 Max. 170 182 170 168 182

Parasite density/µL

 Median 4520 16,320 5920 6958.5 7764.5

 Mean 10,912.3 21,995.6 15,757.1 15,901.4 16,373.02

 SD 16,912.8 20,083.3 21,535.4 20,995.7 20,151.2

 25th percentile 2160 6392 1800 2399.5 2667

 75th percentile 11,640 29,980 21,800 20,027.5 22,573.5

 Min. 1000 1080 1200 1053 1000

 Max. 99,240 98,200 92,280 98,746 99,240

 Geometric mean 5262.6 14,044.0 6770.8 7380.8 8051.0

 95% CI (4218.3–6565.3) (11,617.6–16,977.2) (5065.4–9050.4) (5480.1–9940.8) (7101.9–9127.0)
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Mean (95% CI) parasite density at baseline was recorded 
lowest at Madhya Pradesh (5262.6; 4218.3–6565.3) fol-
lowed by Maharashtra (6770.8; 5065.4–9050.4), Odisha 
(7380.8; 5480.1–9940.8) and highest in Chhattisgarh 
(14,044; 11,617.6–16,977.2). The difference of mean para-
site density between the sites was found significant statis-
tically (P < 0.0001).

Efficacy of artemether‑lumefantrine
Among the total 376 enrolled cases, 8 patients were loss 
to follow-up because of remote area and migration of 
population for their earning and livelihood. Therefore, 
these patients could not be traced. A total of 12 patients 
were withdrawn from the study as they were unable 
to complete the treatment due to persistent vomiting 
or failure to attend the scheduled visits during the first 
three days. However, 356 patients were followed up suc-
cessfully up to 28 days. The adequate clinical and parasi-
tological response (ACPR) without PCR correction was 
98.9%; 95% CI (97.1–99.7) with four cases (1.1%; 95% CI 
0.3–2.8) of late parasitological failure (LPF) (Table 2). The 
ACPR with PCR correction was 99.4%; 95% CI (97.8–
99.9). All four cases of LPF were recorded from study site 
Chhattisgarh. Kaplan–Meier survival curve of cumulative 
incidence of success with and without PCR correction at 
study site Chhattisgarh is shown in Fig. 3. Furthermore, 
survival analysis curve with and without PCR correction 
from all the study sites is shown in Fig. 4. Neither early 

treatment failure (ETF) nor late clinical failure (LCF) was 
observed in this study. Site wise treatment outcomes and 
parasite clearance time with AL in presented in Table 3. 
Also, in most of the patients (65%) parasitaemia was 
cleared within ≤ 24  h. The parasite clearance time was 
more in the Chhattisgarh and Odisha in comparison to 
Madhya Pradesh and Maharashtra.

Molecular analysis of samples with late parasitological 
failure
Samples from 0  day and day of late parasitological fail-
ure (LPF) were analysed for Plasmodium species by spe-
cies-specific nested PCR. All the four cases were found 
positive for P. falciparum on both days (0  day and day 
of failure). To understand whether treatment failures 
were recrudescence or reinfection, DNA samples were 
sequenced for P. falciparum merozoite surface protein 1 
and 2. Out of four cases, two contain the same allele for 
both the genes msp1 and msp2 among both time (0 day 
and day of failure), whereas other two patients had re-
infection in which msp1 and msp2 allele were different at 
the time of treatment failure.

Mutations in k13 propeller gene
Total 352 samples were taken for amplification of k13 
gene. Out of these, successful sequencing was done 
from 308 samples. Alignment of these sequences from 
reference sequence (PF3D7 1,343,700) showed one 

Table 2  Site wise summary of patient enrolment and follow up status and treatment result with and without PCR correction

MP Madhya Pradesh, CG Chhattisgarh, MH Maharashtra, OD Odisha

Variables Study Sites

MP CG MH OD TOTAL

No. of malaria positive cases Screened 251 987 87 506 1831

No. enrolled 105 117 82 72 376

Withdrawal 2 5 0 5 12

Loss to follow-up 0 4 0 4 8

Without PCR correction

Early treatment failure 0 0 0 0 0

Late clinical failure 0 0 0 0 0

Late parasitological failure 0 4 0 0 4

Adequate clinical and parasitological response (%) 103 (100) 104 (96.3) 82 (100) 63 (100) 352 (98.9)

With PCR correction

Early treatment Failure 0 0 0 0 0

Late clinical failure 0 0 0 0 0

Late parasitological failure 0 2 0 0 2

Adequate clinical and parasitological response (%) 103 (100) 104(98.1) 82 (100) 63 (100) 352 (99.4)

Pf recrudescence 0 2 0 0 0

Pf re-infection 0 2 0 0 0

Mixed with Pf recrudescence 0 0 0 0 0

PCR negative (unknown) 0 0 0 0 0



Page 8 of 10Krishna et al. Malar J          (2021) 20:229 

Fig. 3  Kaplan–Meier survival curve showing cumulative incidence of success with (98.2%; 95% CI 93–99.5) and without PCR correction (96.4%; 95% 
CI 90.8–98.6) at study site Bastar (CG)

Fig. 4  Kaplan–Meier survival curve showing cumulative incidence of success with (99.4%; 95% CI 97.8–99.9) and without PCR correction (98.9%; 
95% CI 97.1–99.7) at all study sites

Table 3  Site wise treatment outcome and parasite clearance time with artemether-lumefantrine

ACPR adequate clinical and parasitological response, ETF early treatment failure, LCF late clinical failure, LPF late parasitological failure, MP Madhya Pradesh, CG 
Chhattisgarh, MH Maharashtra, OD Odisha

S. no. Outcome of treatment 
(28 days)

MP CG MH OD Total
n (%) n (%) n (%) n (%) n (%)

1 Primary classification

 ACPR. 103 (100) 104 (96.3) 82 (100) 63(100) 352 (98.9)

 ETF 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 LCF 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 LPF 0 (0.0) 4 (3.7) 0 (0.0) 0 (0.0) 4 (1.1)

 Loss to follow-up 0 (0.0) 4 (3.4) 0 (0.0) 4 (5.6) 8 (2.1)

 Withdrawal 2 (1.9) 5 (4.3) 0 (0.0) 5 (6.9) 12 (3.2)

 Total 105 (100) 117 (100) 82 (100) 72 (100) 376 (100)

2 Parasite clearance time (hours)

 ≤ 24 86 (83.5) 39 (36.1) 79 (96.3) 24(38.1) 228 (64.0)

 > 24–48 17 (16.5) 68(63.0) 3 (3.7) 37 (58.7) 125 (35.1)

 > 48–72 0 (0.0) 1 (0.9) 0 (0.0) 2 (3.2) 3 (0.8)

 > 72 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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Non-synonymous mutation Q613H in one sample from 
Madhya Pradesh only, while rest of the samples were wild 
type.

Discussion
In the present study, efficacy of AL was tested in four 
states (Madhya Pradesh, Chhattisgarh, Maharashtra and 
Odisha). These states are major contributor of malaria 
in India. Among these, Chhattisgarh (18%) and Odi-
sha (11.7%) is the second and third highest contributor 
of malaria in the country [2]. AL is recommended by 
National Policy for the treatment of malaria in North 
Eastern states due to reports of resistance in SP, a partner 
drug of combination therapy, AS + SP. Although AS + SP 
is recommended in all other states of the country. Effi-
cacy of AL was assessed in these states, so that AL can 
be used in case of treatment failure by AS + SP and can 
be applied by the National Programme in other states as 
and when required. In the present study, no case of early 
treatment failure (ETF or ECF) was found, and the ACPR 
was 98.9%. Previous study carried out three states Mad-
hya Pradesh, Chhattisgarh and Jharkhand in the 2015 
also showed that AL is effective in treatment of uncom-
plicated P. falciparum malaria [18]. Moreover, PCR 
uncorrected efficacy was 100% at all study sites except 
Chhattisgarh as the enrolled patients were advised to use 
bed nets (provided by the government) regularly. AL was 
found equally effective in both the study in 2015 and 2017 
among all age groups and areas with high transmission 
intensity. Cases of Plasmodium species mixed infection 
also have been reported from these study area [20, 21]. 
Present study results were consistent with other studies 
from India [22–25], Brazil and Papua New Guinea [26, 
27].

Four cases of LPF were observed from Bastar district of 
Chhattisgarh in the present study. After genotyping, two 
cases were reinfection and two cases of recrudescence 
were revealed. Previous study showed 1 case of LCF and 
2 cases of LPF from Bastar region while another study 
from India also reported 1 case of ECF [18, 22]. Parasite 
resistance to drugs, poor drug absorption and altered 
pharmacokinetics may result in the treatment failure.

Polymorphism in k13 propeller gene is associated 
with artemisinin resistance. In this study, only one non-
synonymous mutation (Q613H) was found in one iso-
late (0.28%) which is not linked to resistance. Previous 
study by our group from Madhya Pradesh, India showed 
M579T (1.6%) which is also not linked to artemisinin 
resistance [18]. Other study showed presence of muta-
tion G533A, S549Y, R561H and A578S in isolate from 
Tripura, West Bengal, Arunachal Pradesh and Mizoram 
respectively at low frequency (0.26%) [28]. Among these 
R561H was reported to associate with delayed parasite 

clearance [29] and none of these mutations was observed 
in the present study.

Conclusion
AL was highly effective for treatment of uncomplicated 
P. falciparum malaria in all age groups and in the areas 
where more than one Plasmodium species are prevalent. 
Study revealed no functional mutation in k13 gene. This 
indicates no immediate threat of artemisinin resistance 
in study area. However regular monitoring of antimalar-
ial drug efficacy and genotyping is important to tract the 
emerging resistance and alleles circulating in the malaria 
endemic areas.
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