Slow parasite clearance, absent K-13 propeller gene polymorphisms and adequate artesunate levels
among patients with severe malaria - A prospective observational cohort study from South India.
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OUTCOMES

• The full length K13 propeller genes were sequenced from 53 isolates collected over the three year
study period.

Background:
Artemisinin resistance has been reported in patients with uncomplicated malaria. Polymorphisms at the propeller domain of the Kelch 13 (K13) protein encoded by the
Plasmodiumfalciparumk13 (pfk13) gene are associated with delayed parasite clearance after artemisinin combination therapy (ACT). We have previously described a cohort of patients with
severe malaria who had a slow parasite and fever clearance despite adequate artesunate levels. These archived blood samples were sequenced to determine if they had the above mutations.
Methods:
Blood samples were collected from patients >18 years, with P.falciparum or mixed (P.falciparum and P.vivax) malaria on ACT every 12 hours to document clearance of parasites. The parasite
clearance half-life was calculated with use of the Worldwide Antimalarial Resistance Network (WWARN) online parasite clearance estimator (PCE). Longitudinally archived DNA samples
obtained pre-treatment (day 0) were genotyped to study the pfk13 propeller domain, amplifying about 800 bp sequences, using the strain PF3D7_1343700 as the reference genome.
Results:
A total of 54 patients with malaria were included and of these 74% were hospitalised with severe malaria. The mean age in the cohort was 37.59 + 14.14 (17-75) years. The median parasite
clearance time was estimated to be 36 hours (95%CI: 27.08 – 44.91) and the median fever clearance time was estimated to be 24 hours (95% CI: 18.69 – 29.30). The median parasite
clearance slope half - life was estimated at 6.44 hours (IQR; 4.79 to 10.24), thus fulfilling the definition of partial artemisinin resistance. Artesunate pharmacokinetic variables assessed in 17
patients were found to be similar in the groups with rapid (<2 days) and slow clearance (>2 days) of parasites. No known mutations associated with artemisinin resistance in Southeast Asia
were observed in our study participants despite delayed parasite and fever clearance.
Conclusion:
Slow parasite clearance is common with a high parasite burden and hence standardization of artemisinin resistance definitions is required. Lack of known mutations with slow parasite
clearance in areas of high endemicity like India, should prompt sequencing of whole parasite genome to identify novel mutations.

Treatment failure or non response or delayed parasite clearance: presence of

• A total of 54 patients with malaria were enrolled over a period of 3 years (2012- 2015) from the

persistent asexual parasitemia on day 3 after start of ACT (or)parasite clearance

states of Tamil Nadu and Andhra Pradesh, South India. These regions belong to the low

half life > 5 hours after treatment with ACT(or)presence of K-13 mutations.
Parasite clearance time -The parasite clearance time was defined as the time
from the start of treatment until the first negative blood smea
Fever clearance time – The fever clearance time was defined as the time taken

•
•

Gametocyte clearance in patients - Proportion of patients with gametocytemia

management of severe malaria(1).

before, during and after treatment with artesunate.

The efforts at elimination faced a setback following the emergence of resistance.

We compared the drug exposure variables like Cmax, AUC

Parasite clearance has been postulated to be slower in patients with severe malaria due to

Other factors which might contribute to delayed clearance include inadequate drug
levels, resistance to partner drug, immunity profile of the population and improper practices

study on artesunate pharmacokinetics.
Variable
Age(years)
Axillary temperature(F)
Pulse rate(per minute)
Respiratory rate(per minute)
Systolic blood pressure(mm Hg)
Diastolic blood pressure(mm Hg)
Hemoglobin (gm %)
Total counts (/cu.mm)
Platelet count (/cu.mm)
Creatinine (mg %)
Total Bilirubin (mg %)
Albumin (gm %)

•

clearance of

artesunate and the metabolite dihydroartemisinin with treatment response in

K-13 Polymorphisms - Presence of mutations /single nucleotide polymorphisms
in the isolates and was compared between responders and delayed responders.

such as mono-therapy and use of counterfeit drugs.

rates, artesunate pharmacokinetics and sequence the K – 13 propeller region of

• Participants were recruited if they were aged more than 18 years, with

P.falciparum, in a longitudinal cohort of patients with severe malaria in South India.

parasite clearance estimator(3), which expresses parasite clearance as the

• Surveillance studies conducted in the northeast India reports treatment failure of 9.5% to
AS+SP(3).In the report by Neena et al (4) out of 384 samples, non-synonymous mutations in the
propeller region were found in four patients from the northeastern states, but their presence did not

• The median slope of parasite clearance half - life was estimated at 6.44 hours (IQR; 4.79 to

correlate with ACT treatment failures.

10.24).

• Amaratunga et al have described a cohort of 30 patients with severe malaria, among whom the

• Incidence of treatment failure in our cohort (i.e., persistence of parasitemia on day 3) was 25.5%

clearance half life was 5.90 hours and was comparable to those with uncomplicated malaria(5).

(n=13/51).
•

• Hawkes et al have studied parasite clearance kinetics in paediatric severe malaria in Africa, and

The parasite clearance time did not correlate with the initial parasite density(p=0·373).

correlated with the genetic mutations of artemisin resistance, and found that the half life was 5.9

• Almost one fourth of the patients had gametocytemia detected in peripheral smear at day 3 of ACT.

hours which occurred in the presence of A578S mutations(6).

There were no reported adverse events.

• Comparing our data to these published literature, we find significantly prolonged parasite clearance

• 16.7% of patients had delayed FCT (n = 9).

half- life in our population. Though our parasite clearance half life was 6.44 hours and this

portion of the curve of log-transformed parasite densities over time

• Among the patients with delayed fever defervescence, the mean fever clearance time was 84.6

seemed significantly prolonged we were unable to demonstrate mutations in the K-13

hours.

is a first order

• The pharmacokinetic parameters were compared between the two groups of patients who cleared

process, resulting in killing of a fixed

trophozoites rapidly within 48 hours and those who took more than 48 hours for parasitological

anti-malarial

treatment

fraction of the parasite population in each
asexual cycle and can be considered as the

clearance.

reciprocal of parasite multiplication.(White

• The drug exposure variables (Cmax(ng/ml) tmax(minutes), CL(l/kg/hr),AUC(0 -240minutes)(ng.h/ml)were

1997; White, Pongtavornpinyo et al. 2009)

not found to be statistically different between the groups with rapid and delayed therapeutic

•The terminal relationship between logtransformed parasite density and time is
generally linear(Day, Pham et al. 1996;
Simpson, Watkins et al. 2000)

•

DNA was extracted from frozen whole blood samples, by standard methods.

•

Relevant primers derived from the K13 gene sequence were used to amplify
the full kelch13 open-reading frame with use of a nested PCR protocol( to
describe the complete sequence from amino-acid 210 onwards (the
conserved part of the protein). We regarded heterozygous results as
mutations.

propeller region.

• Ours is the first study to correlate delayed response to ACT with pharmacokinetic parameters and
molecular markers of Artesunate resistance in the Indian population.

response to artesunate.

WHO – Status report on artemisinin resistance-2014 update

• Our study reports the parasite clearance kinetics and correlation between the presence of K-13

parasite’s half-life (t1/2), which was calculated by using the slope of the linear

•Parasite clearance following any effective

Distributions of genetic background mutations associated with artemisinin resistance across Southeast Asian sites
Dominic P Kwiatkowski et al, Nature Genetics,2015

DISCUSSION

therapeutic efficacy of ACT.

tolerated orally, whichever the latter along with oral doxycycline 100 mg

• To measure parasite clearance kinetics, we used a standardized tool, the

isolates and even in those patients who had documented delayed response to ACT.

median fever clearance time was estimated to be 24 hours (95% CI: 18.69 – 29.30) indicating high

• The study participants received intravenous artesunate at dose of 2.4 mg/kg at

capsules administered twice daily.

• There were no mutations or single nucleotide polymorphisms identified in all the sequenced

• The median parasite clearance time was estimated to be 36 hours (95%CI: 27.08 – 44.91) and the

infection with P.falciparum and P.vivax, identified according to the World

0,12 and 24 hours followed by 2.4mg/kg till day 3 of illness or till they

IQR
17 - 75
95.7 – 105
68 – 170
14 – 50
0 -160
0 - 90
4.1 - 15.4
1400 – 27,200
6000 -2,73,000
0.57 – 6.54
0.6 -27
1.9 -4.5

polymorphisms among patients with severe malaria in South India.

microscopy confirmed malaria with either P.falciparum alone or mixed

Health Organisation clinical practice guidelines 2015(1).

BASELINE CHARACTERISTICS
Mean(+ SD)
38(14.14)
101.4(1.96)
108(19)
25(8)
98(23)
60(60)
10.956  2.812
6581  4047
56,245  45,770
1.7006  1.3
5.291  6.0282
3.13  0.64

THERAPEUTIC RESPONSE

METHODS

We hence designed a prospective observational study to assess the parasite clearance

FORWARD PRIMER

• Among the patients hospitalised with severe malaria, 17 consecutive patients were enrolled into the

patients with severe malaria on ACT.

the high parasite burden(2).
•

0-4,

was confirmed to be identical to the reference strain.

• In this cohort, 74% were hospitalised with severe malaria.

Delayed fever clearance: Fever persisting > 48 hours
Artemisinin based combination therapy(ACT) has been the standard of care for

• Among these 42 sequenced isolates, all of them had pfk13 loci coding for the propeller domain, and

transmission zones for malaria in India.

for temperature to fall below 37˚C and remain there for at least 24 hours

•

• The primary PCR was positive in 42 isolates and was sequenced.

Sample ID
Result
Lane 1
MK13
Pos
Lane 2
MK14
Pos
Lane 3
MK15
Pos
Lane 4
MK16
Pos
Lane 5
MK17
Pos
Lane 6
MK18
Neg
Lane 7
100 bp Ladder
Satisfactory
Lane 8
MK19
Pos
Lane 9
MK20
Pos
Lane 10
MK21
Neg
Lane 11
MK22
Pos
Lane 12
Negative Control
Satisfactory
Lane 13
Positive Control
Satisfactory
The K13 propeller gene was amplified by the nested PCR method described by Ariey et al.[5]

•

Parasite clearance was probably slow in our patients due to severe malaria leading to significant
concern among physicians with regard to lack of response to therapy.This however is difficult to
interpret in the absence of standard definitions for artemisinin resistance in severe malaria

• We did not demonstrate Kelch 13 polymorphisms in our patient population with delayed response
to ACT which is a reassuring factor in surveillance, and whole genome sequencing is required to
identify novel mutations .
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