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ABSTRACT
Background. Artemisinin-based combination therapy

(ACT) is widely used in India and many generic preparations
are available. Delayed response has been reported, suggesting
inadequate response to artesunate (AS) or genotypic resistance.
We designed a prospective observational study to assess the
therapeutic response, elaborate pharmacokinetics of AS and
identify Plasmodium falciparum kelch 13 (pfk13) propeller
gene polymorphisms among hospitalized Indian patients with
severe malaria.

Methods. We collected blood samples from adult patients
with severe P. falciparum or mixed (P. falciparum and P.
vivax) malaria on ACT. We calculated the parasite clearance
(CL) half-life  using the Worldwide Antimalarial Resistance
Network (WWARN) online parasite clearance estimator
(PCE). We used the liquid chromatography tandem mass
spectrophoto-metry method for simultaneous quantification
of AS and dihydroartemisinin. We genotyped longitudinally
archived DNA samples obtained pre-treatment (day 0) to
study the point mutations in the pfk13 propeller domain.

Results. A total of 54 patients with malaria were
included, with a majority fulfilling the definitions of severe
malaria. The median parasite CL slope half-life was estimated
to be 6.44 hours (interquartile range 4.79–10.24). AS
pharmacokinetics, assessed in 17 patients, were found to be

similar in the groups with rapid (<48 hours) and slow CL
(>48 hours) of parasites. No known mutations associated
with artemisinin resistance in Southeast Asia were observed
in our study participants.

Conclusions. Slow parasite CL was seen with a high
parasite burden without genotypic evidence of AS resistance.
There is a need to standardize definitions of therapeutic
efficacy of AS in cases of severe malaria.
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INTRODUCTION
Severe malaria contributes to considerable morbidity and
mortality in tropical developing nations. In the Southeast Asian
region, about 1.3 billion people are at risk of malaria in ten
countries, which includes India.1 Artemisinin and its derivatives
are novel agents derived from Artemisia annua, which are
proven to be superior to quinine in the management of severe
falciparum malaria.2–4 Artemisinin-based combination therapy
(ACT) has been the standard of care for the management of
severe malaria.5 Global trends over 2010–14 show promising
results in the elimination of malaria, as the number of confirmed
cases in Asia decreased from 2.9 million to 1.3 million.1 The
efforts at elimination have faced a setback following the
emergence of resistance.

The first reported resistance to artemisinin was from the
‘Greater Mekong Region’ in 2009,6 which prompted further
research, leading to important discoveries and updated
definitions. Confirmed artemisinin resistance is defined as a
phenotype of delayed parasite clearance (CL), as measured by
the parasite CL slope half-life >5 hours and genotype harbouring
mutations in the kelch 13 propeller region.7 Assessment of
parasite survival rates using the ring-stage survival assay has
also been made to substitute parasite CL half-life, to improve the
robustness of the definitions.8 These definitions are standardized
for patients with uncomplicated malaria, but are yet to be
updated for severe malaria.

The National Antimalarial Drug Resistance Monitoring
Network Programme was initiated in 2008, with joint inputs from
the National Vector Borne Disease Control Programme
(NVBDCP)–National Institute of Malaria Research (NIMR)
surveillance system to address the continuing threat of drug-
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resistant malaria in India.9 Surveillance data from 1793 patients
with Plasmodium falciparum (P. falciparum) malaria collected
from 25 sentinel sites from India over 1-year identified 17
patients with confirmed treatment failure.9 About 47% (8 of 17)
of treatment failures had prolonged CL times of >48 hours. Age
<5 years and decreased dose of artesunate (AS) (<3 mg/kg) were
found to be positively associated with treatment failure; and the
lower the dose of AS, the higher was the risk of failure.9

Parasite CL has been postulated to be slower in patients with
severe malaria due to the high parasite burden.10 Amaratunga
et al. studied the parasite CL rate in a cohort of 30 patients with
severe malaria in the Pursat province of Cambodia and found the
mean parasite CL half-life to be 5.9 hours and the delay correlated
with initial parasite density.11 Other factors that might contribute
to delayed CL include inadequate drug levels, resistance to
partner drug, immunity profile of the population and improper
practices such as monotherapy and use of counterfeit drugs.8,12,13

We analysed, retrospectively, medical records of hospitalized
patients with malaria, and found prolonged parasite and fever
CL times.14 Hence, we did a prospective study to assess the
parasite CL rates and AS plasma concentration–time profile and
sequenced the K-13 propeller region of P. falciparum, in a
longitudinal cohort of patients with severe malaria in southern
India.

METHODS
Study design and participants
During 2012–15, we included 54 consecutive patients, presenting
to Christian Medical College, Vellore, Tamil Nadu, India, a
tertiary care referral hospital. Participants were recruited if they
were aged >18 years, with microscopy-confirmed malaria as
either mono-infection with P. falciparum or mixed infection with
P. falciparum and P. vivax and with evidence of severe malaria,
identified according to the WHO clinical practice guidelines
2015.5 Pregnant women and patients who refused to give
consent were excluded from the study. Among the 54 patients
in the main study, 17 consecutive hospitalized patients with
severe malaria were recruited to study the plasma concentration
of AS and the metabolite, dihydroartemisinin (DHA). We were
unable to do this in all patients due to cost constraints.

Primary outcome measure
Rapid clearance: Rapid CL was defined as the absence of

parasitaemia and complete fever defervescence after 48 hours
of ACT.

Secondary outcome measures
Delayed clearance: Delayed CL was defined as the

persistence of asexual stages in the peripheral smear, 48 hours
after initiation of ACT.

Fever clearance time: The fever CL time was defined as the
time taken for the temperature to normalize (<38 °C) and remain
there for at least 24 hours.

Parasite clearance time: The parasite CL time was defined
as the time from the start of treatment until the first negative
blood smear.

Ethical approval
The study was approved by the institutional research board
(IRB no: 8056/9536) and the study procedures were explained
to the participants and relatives using an information sheet. All
participants gave written informed consent.

Antimalarials
Intravenous AS was purchased as Azunate® from Macleod
Pharmaceuticals. Oral doxycycline was purchased as DOXRID®
from Ridley Life Sciences Private Limited. The hospitalized
study participants received intravenous AS at a dose of 2.4 mg/
kg at 0, 12 and 24 hours followed by 2.4 mg/kg daily till day 7,
along with oral doxycycline 100 mg capsules administered twice
daily.5,15,16 The AS was reconstituted with 1 ml of 5% sodium
bicarbonate solution to form sodium AS which was further
dissolved in 5 ml of 0.9% normal saline and infused. Fourteen
patients with malaria received oral ACT (artemether and
lumefantrine), as they were able to tolerate the medicines orally.

Admission procedures
At admission, a thorough history including travel history was
obtained and clinical examination was done by the principal
investigator. Blood samples collected at admission were used
for evaluating haematological parameters, parasite index (PI),
renal and liver function tests and metabolic parameters. Blood
samples for malarial parasites were collected 12-hourly till
documented CL of asexual stages of parasites, as seen by a
negative smear, was obtained. Blood samples were collected at
hour 0 from all patients recruited in the study, before
administration of antimalarials and were frozen and stored for
genotyping and sequencing of the K-13 propeller region.

Microscopy quality control measures and analysis of
parasite clearance half-life
The smears obtained using the quantitative buffy coat and
fluorescent microscopic technique with acridine orange stain
were used to study the presence of asexual stages of parasites
on treatment.17,18 PI was calculated by counting the number of
parasitized red blood cells (RBCs) among 1000 RBCs. Only
asexual forms (ring, trophozoites and schizont) were included
for calculating the PI. Parasitaemia (parasites/µl) was calculated
from the thin blood film as parasitized red cells per 1000 RBCs
× haematocrit × 125.6. All smears were reviewed independently
by experienced and qualified laboratory technicians in the
clinical pathology laboratories.

Plasma concentration measurement of artesunate and
dihydroartemisinin
Two ml of venous blood was obtained from 17 consecutive
patients for quantification of AS and DHA. DHA is the normal
active metabolite of AS after administration and hence we chose
to study its concentration. The first sample was collected before
administration of the drug. After slow infusion of AS over 5
minutes, samples were obtained at 5, 7, 9, 15, 30, 45, 60, 90, 120
and 240 minutes from the start of the infusion of AS. The
collected blood was immediately centrifuged, plasma was
separated and analysed.

Artesunate and dihydroartemisinin quantification
The plasma drug concentrations were assessed using liquid
chromatography-tandem mass spectrometry.19 The drug concen-
trations differ between people of different ethnicities (3260–
28 558 ng/ml).20

Molecular studies
Longitudinally archived samples frozen over a period of 3 years
from the study patients were used for sequencing of the K-13
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propeller region after the study was completed. Nested
polymerase chain reaction (PCR) was used to amplify the K-13
propeller gene fragment (codon 427 to 727 on chromosome 13
of 3D7 isolate [PF3D7_1343700]) using known primers.21 The
QIAamp DNA Mini kit was used to extract DNA from the
archived whole blood samples. The standardized protocol
developed by Ariey et al.21 was used for genotyping and
sequencing the single-nucleotide polymorphisms.

The first round of PCR consisting of 250 nM primers (Sigma®
lifesciences, USA), blend master mix (Thermo Fisher Scientific
Inc.) and 5 µl of DNA in a total volume of 20 µl was run under
the following cycling conditions: 95 °C for 15 minutes; then 30
cycles at 95 °C for 30 seconds; 58 °C for 2 minutes; extension
at 72 °C for 2 minutes; and final extension at 72 °C for 10 minutes.
The second round of PCR was run with a total volume of 25 µl
made of 18.75 µl nuclease-free water, 250 nM primer, blend
master mix (Thermo Fisher Scientific Inc.) final concentration
and 5 µl of DNA under the following cycling conditions: 95 °C
for 15 minutes; then 40 cycles at 95 °C for 30 seconds; 60 °C for
1 minute; extension at 72 °C for 1 minute; and final extension
at 72 °C for 10 minutes. Polymorphisms at P. falciparum kelch
13 (pfk13) were determined by direct sequencing of amplicons
on an ABI 3730 sequencer (Applied Biosystems, USA), and
chromatogram sequences were analysed in comparison to the
pfk13-propeller sequence region of 3D7 isolate (Plasmo DB
reference ID: Pf3D7_13_v3),22 manually by three independent
investigators.

Statistical analysis
The sample size was estimated using the WHO therapeutic
efficacy monitoring guidelines (2009).23 Using an assumption of
5% failure rate, with 5% precision and 95% confidence interval
and 10% loss to follow-up, the required number of study
participants was 75. Data were entered in Microsoft Excel
Spreadsheets and were analysed with SPSS Inc. Version 16
software. The parasite CL slope half-life of the cohort was
estimated by the Worldwide Antimalarial Resistance Network-
Parasite Clearance Estimator (WWARN-PCE).24,25

The data on plasma concentration were obtained and the
area under the curve (AUC) was calculated for 4 hours’ exposure
using the trapezoidal rule. The statistical correlation was
obtained through Wilcoxon signed-rank test and Mann–
Whitney U tests as applicable. The parameters which were
derived included maximal concentration observed (Cmax),
terminal elimination half-life (t½), area under the total plasma
concentration time curve as a measure of exposure (AUC0–240)
and elimination CL. These parameters were tabulated as median
with interquartile range. The pharmacokinetic parameters of AS
and the metabolite DHA were compared among patients with
early CL of parasites within 48 hours and delayed CL of >48
hours, and further analysis was done to ascertain the impact of
organ dysfunction on the drug levels.

RESULTS
Baseline characteristics
A total of 54 patients with malaria were enrolled over a period
of 3 years (2012–15) from the southern states of Tamil Nadu and
Andhra Pradesh. This cohort consisted of hospitalized patients
with malaria, where 74% were admitted with severe malaria.
Among the patients hospitalized with severe malaria, 17
consecutive patients were enrolled into the study on AS
pharmacokinetics. The mean (SD) age of the cohort was 37.5

(14.1) years (interquartile range [IQR] 17–75 years). There was
a preponderance of men at 85%, with about 47% of them self-
employed as agricultural labourers. Twenty-six per cent of them
were skilled professionals, residing in places endemic for malaria
during the monsoons, 21% were skilled workers and the remaining
6% were unemployed.

The most common presenting symptom was fever, which
was present in all the patients. The median duration of fever
before presentation was 7 days (IQR 4–60 days). About 61%
reported jaundice (defined by yellowish discolouration of skin,
mucous membranes or high-coloured urine). Breathing difficulty
or chest tightness at presentation was present in about one-
fourth of the patients. Altered sensorium was present in 24%,
which included drowsiness, decreased verbalization or irrelevant
speech and inadequate response to call or commands. Two
patients had seizures at presentation, which were generalized
tonic–clonic convulsions requiring antiepileptic therapy. Of
the bleeding manifestations, 6 patients reported haematuria, 4
had haematemesis suggestive of upper gastrointestinal (GI)
bleed and 2 reported epistaxis. The mean parasite index at
admission was 5.51% (IQR 0.1%–48%) and the median parasite
CL of the cohort was 0.2% (SD 11.4). All participants received
acetaminophen for fever and proton pump inhibitors as
prophylaxis for GI bleed. The baseline clinical and laboratory
parameters are summarized in Table I.

Therapeutic response
A majority of participants tolerated AS well and showed rapid
clinical response in the form of defervescence of fever and
improvement in laboratory parameters. The median parasite CL
time was estimated to be 36 hours (95% CI 27.0–44.9) and the
median fever CL time was estimated to be 24 hours (95% CI 18.6–
29.3), indicating high therapeutic efficacy of ACT. The median
slope half-life was estimated at 6.44 hours (IQR 4.7–10.2). This
median slope half-life was generated from the WWARN-PCE.
Almost one-fourth of the patients still had detectable
gametocytaemia in the peripheral smear after 48 hours on ACT.
There were two deaths, both of them within 3 hours of admission
into the emergency department. No adverse events were reported.

Pharmacokinetics of artesunate and dihydroartemisinin (n=16)
The pharmacokinetic study was conducted after 48 hours of
admission to hospital. Seventeen patients consented for the
study procedures. However, 1 patient was excluded from the
analysis as the study could not be completed in the patient.

TABLE I. Baseline clinical and laboratory parameters (n=54)
Variable Mean (SD) Interquartile

range

Age (years) 37.5 (14.1) 17–75
Axillary temperature (frequency) 101.4 (1.9) 95.7–105
Pulse rate (per minute) 108 (19) 68–170
Respiratory rate (per minute) 25 (8) 14–50
Systolic blood pressure (mmHg) 98 (23) 0–160
Diastolic blood pressure (mmHg) 60 (60) 0–90
Haemoglobin (g/dl) 10.9 (2.8) 4.1–15.4
Total leucocyte count (cmm) 6581 (4047) 1400–27 200
Platelet count (cmm) 56 245 (45 770) 6000–27 3000
Creatinine (mg/dl) 1.70 (1.3) 0.57–6.54
Total bilirubin (mg/dl) 5.2 (6.0) 0.6–27
Albumin (g/dl) 3.1 (0.6) 1.9–4.5
SD standard deviation
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Comparison of parasitological and pharmacokinetic
variables
The pharmacokinetic parameters were compared between the
two groups of patients who cleared trophozoites rapidly (up to
48 hours) and those who took longer (>48 hours) and the drug
exposure variables were not found to be statistically different
(Table III).

Factors affecting the area under the curve of artesunate
and dihydroartemisinin
We studied the effect of hyperparasitaemia, hypoalbuminaemia,
and renal and hepatic dysfunction on the metabolism of AS by
correlating these host parameters to the AUC(0–240 minutes)
of AS and DHA, the active metabolites of AS (Tables IV and V).
We did not find any factor that significantly altered the drug
levels. However, it was interesting that a unit increase in age,
serum creatinine and bilirubin (total and direct) led to a drop in
the drug levels (AS and DHA). However, this drop was not
statistically significant.

FIG 1. Pharmacokinetics of artesunate (AS)
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FIG 2. Pharmacokinetics of dihydroartemisinin (DHA)––active metabolite of artesunate in the human body after
intravenous administration
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Post-administration of AS, the plasma concentration was
achieved in about 5 minutes. The pharmacokinetic parameters
are summarized in Table II and Figs 1 and 2.

TABLE II. Pharmacokinetics of artesunate and dihydroartemisinin
(n=16)

Parameter Median (interquartile range)

Artesunate Dihydroartemisinin

Dose (mg/kg) 2.51 (2.35–2.68) –
Cmax (ng/ml) 5867.5 (1878.3–11 989.9) 573.5 (180.0–1274.1)
tmax (minute) 5 12
CL (L/kg/hour) 5.085 3.77
AUC(0–240 min) (ng/hour/ml) 650.4 (204.6–1220.6) 884.8 (213.8–2654.8)

Cmax maximum (or peak) serum concentration that a drug achieves in a specified
compartment or test area of the body after the drug has been administrated
tmax time at which the Cmax is observed  CL clearance (the volume of plasma that
is completely cleared off of a substance per unit time)  AUC(0–240 min)area under
the curve in a plot of concentration of drug in blood plasma against time
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K13-propeller gene amplification and sequencing analysis
The full-length K-13 propeller genes on chromosome 13 from
codon 427 to 727 were sequenced from 53 isolates. The primary
PCR was positive in 42 isolates and was sequenced. The primary
PCR failed to amplify the Pfkelch13 in 11 isolates. This was
probably secondary to the low parasite density in these samples.
Among these 42 sequenced isolates, all of them had pfk13 loci
coding for the propeller domain identical to the reference strain.
There were no mutations or single-nucleotide polymorphisms
identified in the sequenced isolates.

DISCUSSION
Our pilot study done in southern India correlated AS drug levels
with clinical response in patients with severe malaria. We also
aimed to investigate the therapeutic response of ACT in the
management of severe malaria and the pharmacokinetics of AS
in severe malaria and ascertain the presence of artemisinin
resistance mutations in the pfk13-encoded propeller domain.
The preponderance of men in our cohort might be explained by
the health-seeking behaviour of the rural population, where
they can easily access the healthcare facility without social
inhibition. Evidence suggests that given equal exposure, adult
men and women are equally vulnerable to severe malarial
infection, except for pregnant women who are at a higher risk of
severe malaria in most endemic areas.26,27 Men have a higher
occupational risk of contracting malaria than women, particularly
if men work in mines, fields or forests at peak biting times, or
migrate to areas of high endemicity for work.26 The presentation

of severe malaria in our patients was similar to the experience
worldwide.28,29

The majority of participants responded rapidly to ACT, as
evidenced by rapid defervescence of fever and CL of asexual
parasites from the peripheral blood in 48 hours. This adds to the
existing evidence that ACT can be successfully used as first-
line therapy in the management of severe malaria even in South
Asia.2,3,5 However, the parasite CL half-life was found to be 6.44
hours, which is higher than the cut-off of 5 hours attributed to
the definition of ‘partial artemisinin resistance’ according to the
existing WHO guidelines.30 There is paucity of data with regard
to parasite CL in severe malaria from areas with a high parasite
density. A pilot study by Amaratunga et al. on 30 patients with
severe malaria showed delayed parasite CL rates among patients
with complicated and uncomplicated malaria, and currently, it
is unclear whether a high parasite density affects parasite CL
rates.11 Hence, the definitions described by WHO for ‘artemsinin
resistance’ though can be applied for uncomplicated falciparum
malaria may not be applicable for severe malaria. However, the
trend of increased parasite CL half-life in severe malaria treated
with artemisinin is worrying, and continued surveillance to
ensure appropriate use and treatment response is essential.

Our study also gives insights into the pharmacokinetics of
AS in Indian patients with severe malaria. As previously reported,
AS achieved high serum concentrations within 5 minutes and
was rapidly hydrolysed to its metabolite DHA in 12 minutes,
which makes it an ideal antimalarial agent for the management of

TABLE III. Univariate analysis comparing parasite and pharmacokinetic parameters between those with rapid
(<48 hours) and delayed clearance (>48 hours)

Variable Rapid clearance Delayed clearance p value
(<48 hours) (>48 hours)

Parasite index (%) 4.03 11 0.027
Parasite clearance time, median (hours) 24 60 0.001
Fever clearance time, median (hours) 24 84.6 0.001
Median (IQR) gametocyte clearance (days) 3.5 (1–14) 7 (3–19) 0.003
Mean (SD) dose of artesunate (mg/kg) 158.18 (27.14) 162 (26.83) 0.827
Mean (SD) Cmax of artesunate (ng/ml) 6057.1 (3283.2) 5155.6 (1841.1) 0.488
AUC(0–4) of artesunate 671.3 (357.9) 569.8 (195.6) 0.469
Mean (SD) clearance of artesunate (L/kg/hour) 4.9 (3.3) 5.2 (2.06) 0.850
Dose normalized AUC(0–4)artesunate 294.2 215.8 0.583
Mean (SD) Cmax of dihydroartemisinin(ng/ml) 661.1 (352.3) 663.5 (329.4) 0.990
AUC(0–4) of dihydroartemisinin 1158.5 (800.3) 733.6 (262) 0.124
Mean (SD) clearance of dihydroartemisinin (L/kg/hour) 3.4 (3.0) 4.1 (1.8) 0.560
Dose normalized AUC(0–4)dihydroartemisinin 502.9 277.0 0.221
Cmaxmaximum (or peak) serum concentration that a drug achieves in a specified compartment or test area of the body after the drug has been administered

TABLE IV. Multivariate analysis of factors that could affect
artesunate drug concentrations (area under the curve in a plot of
concentration of artesunate drug in blood plasma against time)

Variable Mean difference in 95% CI p value
drug level (ng/ml)

Age –10.5 –19.4– –1.7 0.02
Haemoglobin –19.9 –65.7–25.8 0.39
Creatinine 20.2 –63.2–103.8 0.63
Total bilirubin –95.2 –213.2–22.7 0.11
Direct bilirubin 81.0 –62.6–224.4 0.27
Total protein 367.7 –186.5–922 0.19
Albumin –293.8 –1040.9–453.3 0.44

TABLE V. Multivariate analysis of factors that could affect
dihydroartemisinin drug concentrations (area under the curve in
a plot of concentration of dihydroartemisinin drug in blood
plasma against time)

Variable Mean difference in 95% CI p value
drug level (ng/ml)

Age –6.3 –29.8–17.2 0.599
Haemoglobin –105.1 –233.2–22.9 0.108
Creatinine –44.3 –281.5–192.8 0.714
Total bilirubin 100.1 –154.5–355.0 0.441
Direct bilirubin –154.3 –451.1–142.3 0.308
Total protein –291.3 –1784.4–1201.7 0.702
Albumin 668.2 –1443.5–2780 0.535
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severe falciparum malaria.4,16,31–34 The AUC for AS in our study
population was 650.4 ng/ml, whereas in the Vietnamese cohort,
it was 2980 ng/ml and in the African cohort, it was 727 ng/ml. In
a published review detailing clinical pharmacokinetic parameters
of AS in malaria, the authors reported20 that the mean CL of AS
was 2–3 L/kg/hour and for DHA was 0.5–1.5 L/kg/hour. In com-
parison to this, our study population had higher mean rates of CL
of 4.95 and 3.41 L/kg/hour, respectively. Davis et al.34 suggested
that higher doses of AS contributed to a better parasiticidal
effect; however, which pharmacokinetic parameters could
determine a dosing schedule was unclear. Clinical dose finding
studies have agreed upon the dose of 2.4 mg/kg, which is
currently the standard of care in our population.2,3,20,34 The
question of whether our population requires higher dosing at
baseline needs to be answered through further research, taking
into account the proportion of treatment failure rates as well as
the pharmacogenomics of the drug.

We compared the parasite index at admission and renal and
hepatic functions with the mean AUC(0–240) of AS and DHA.
The concentrations were found to be lower in patients with
higher age, renal dysfunction and hepatic dysfunction,
suggesting that there may be a varying volume of distribution
in patients with severe malaria. Hence, in view of this difference
of drug concentrations in patients with severe malaria, it is
possible that a higher dosing regimen is required in older
patients and those with considerable organ dysfunction.

Our study did not find any mutation associated with
artemisinin resistance in the pfk13-propeller region. Three point
mutations, namely C580Y, R539T and G533A, were originally
described to be associated with artemisinin resistance.21

Recently published evidence on surveillance of pfk-13 point
mutations in India identified three patients from northeast India,
harbouring non-synonymous mutations; however, they did
not have ACT treatment failure.35 Our results are comparable to
the surveillance study done by Mishra et al. in 2015,35 where the
Pfk-13 was amplified successfully from all responders; however,
it could not be amplified in five samples, which were obtained
from non-responders. DNA sequence analysis of Pfk-13 from
the 384 clinical isolates showed six point mutations and one
deletion. The 11 isolates which we were not able to amplify had
a mean parasite density of 0.2%, and all of them responded to
therapy.

Surveillance studies from Africa have also shown a lack of
these mutations despite frequent and widespread use of these
antimalarials and a high parasite biodensity.36 It is unclear at the
moment whether the phenotypic evidence of ACT resistance/
failure should be based on the parasite CL dynamics even in
severe malaria or whether these definitions will need to be
modified. If parasite CL continues to be delayed with persistent
gametocytaemia in the absence of known mutations in the
pfk13-propeller region, possible whole-genome sequencing to
identify novel mutations in other parts of the parasite genome
conferring resistance to ACT would be the need of the hour.
Another explanation for the lack of mutations would be the use
of the day 0 sample for PCR and sequencing. This might have
further led to an under representation of resistant strains.

Limitations
The major limitation of the study is its small sample size. This
hospital-based study was conducted in a tertiary care referral
centre which caters to two major southern states of India, which
have seasonal transmission of malaria. There is a surge in the

numbers immediately after the monsoon season, and only
patients with severe malaria are referred and hospitalized.
Hence, this sample population might not be representative of
the community.

Conclusion
Our study shows that ACT is the treatment of choice in severe
malaria in India with a reassuring absence of mutations in pfk13-
propeller region of P. falciparum. Parasite CL was delayed in
patients with severe malaria suggesting the need for standardized
definitions for artemisinin resistance in these patients, as the
existing WHO definitions are applicable only for uncomplicated
malaria. Plasma AS and DHA concentrations were lower in
older patients and those with organ dysfunction, hence probably
indicating a need for higher doses of AS at shorter intervals in
Indian patients with severe malaria.
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