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A B S T R A C T

A patient presenting with severe malaria, with hyperparasitaemia, received 7-day artesunate
monotherapy. A severe recrudescence was detected and attributed to hyperparasitaemia, monotherapy
and a polyclonal infection without Kelch 13 gene mutation. A second treatment with artesunate, then
quinine, followed by artemether-lumefantrine, was successful.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Artesunate is the recommended initial treatment for severe
malaria, followed by 3 days of arteminisin-based combination
therapy (ACT) (World Health Organization, 2015). Artesunate
monotherapy may lead to recrudescence of parasitemia in
40%–50% of cases within 28 days (Wellems et al., 2020).
This recrudescence is related to parasite persistence due to
induced dormancy and should be distinguished from drug
resistance.

Decreased artesunate efficacy was described in South East Asia
(Imwong et al., 2017). The combination of polymorphisms on the
Kelch 13 (K13) gene (Ariey et al., 2014) and pharmacology of
artesunate (Kouakou et al., 2019) is involved in therapeutic failure.
We report a severe malaria case wrongly treated with artesunate

monotherapy, followed by a recrudescence leading to a second
severe malaria episode.

Case report

A 65-year-old man returned to France from Chad, where he
had stayed for 2 years without malaria prophylaxis. A week later,
he was admitted to hospital. He presented with altered febrile
consciousness, mottled knees with hemodynamic instability, and
acute respiratory distress syndrome (ARDS), requiring invasive
mechanical ventilation and admission to an intensive care unit
(ICU). He had a medical history of type 2 diabetes, hypertension
and obesity (BMI = 36.8 kg/m2). Biological parameters showed a
hyperlactatemia (lactate = 4 mmol/L), metabolic compensated
acidosis (bicarbonates = 17 mmol/L; pH = 7.47), and acute kidney
injury (creatininemia = 180 mmol/L). Platelet count was 20 g/L,

Contents lists available at ScienceDirect

International Journal of Infectious Diseases

journal home page: www.elsevier .com/ locat e/ i j id
* Corresponding author at: Malaria Research Unit, UMR 5246 CNRS-INSA-CPE-
University Lyon1, F-69100 Villeurbanne, France.

E-mail address: stephane.picot@univ-lyon1.fr (S. Picot).

https://doi.org/10.1016/j.ijid.2021.02.080
1201-9712/© 2021 The Authors. Published by Elsevier Ltd on behalf of International S
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
hemoglobin 16.1 g/dL, and proteins 5.4 g/dL. Microscopy was
positive for Plasmodium falciparum (675 000 parasites/mL),
confirming a severe malaria episode with respiratory failure
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PaO2/FiO2< 150 mmHg), cardiovascular failure, acute kidney
njury and hyper-parasitaemia.

Artesunate intravenous (IV) regimen (2.4 mg/kg) was
nitiated on day one and continued for 7 days. Continuous
enovenous hemodialysis (CVVHD) was performed for the first
2 h, and norepinephrine support was required for 10 days. The
atient was discharged from the ICU 4 weeks after admission
ith a favorable outcome. Shortly afterwards, he presented
ith hyperthermia, cough, and a pulmonary opacity at the
hest X-ray. Because of a swallowing disorder, aspiration
neumonia was suspected, and a cefotaxime metronidazole bi-
herapy was initiated. However, he remained febrile and
xperienced ARDS requiring his readmission to the ICU. He
resented hemolysis (hemoglobin = 6.4 g/dL, undetectable
aptoglobin, elevated LDH), low platelets (63 G/L), and a
actatemia of 2.5 mmol/L, without kidney dysfunction. Blood
mears were positive for P. falciparum (240 000 parasites/mL),
eading to a diagnosis of severe malaria recrudescence. Artesunate
.4 mg/kg was initiated for 3 doses (H0, H12, H24) followed by

5 days of IV quinine (750 mg/8 h) to avoid the hemolytic process
caused by artesunate. An oral ACT (artemether-lumefantrine) was
then given for 3 days (Figure 1A).

Methods

The malaria diagnosis was confirmed through examination of
100 microscopic fields of 200 red blood cells for thin smears
(Giemsa stains) following the requirements of the National
Certification Program. The parasite clearance half-life (PC1/2)
was determined using T1/2 = loge(2)/K. The Worldwide Antimalari-
al Resistance Network (WWARN) Parasite Clearance Estimator
(PCE) was not used because the 6-hourly blood sampling required
was not standard clinical practice. However, the PC1/2 at admission
and recrudescence was calculated from 4 and 3 samples,
respectively. Molecular tests were performed from fresh blood
samples (Ponce et al., 2017). Real-time polymerase chain reaction
tests and direct sequencing of the Pfmsp1,Pfmsp2 and kelch13
genes were conducted from frozen samples.
igure 1. A: Timeline of the 2 malaria episodes with parasitemia (parasites/mL), antimalarial treatments and hospitalization wards.
: Giemsa stained thin blood film from the blood sample at admission showing Plasmodium falciparum (R: Ring stage parasite; T: Trophozoites). Magnification: �1000. Scale
ar = 5 mM.
: One of the 5% neutrophils with engulfed hemozoin pigment.
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Results

The patient showed a high parasitemia on initial admission
with approximately 90% of ring stages and 10% of developing
trophozoites (Figure 1B). Five percent of leucocytes with
phagocytosed hemozoin pigment were detected (Figure 1C).
After 24 h, and despite artesunate treatment, the parasitic burden
remained high (320 000 parasites/mL). Parasitemia was 5000
parasites/mL 48 h later and negative until Day 28. The estimated
PC1/2 was 6.8 h, higher than the threshold of 5.5 h for drug
sensitivity (Ashley et al., 2014).

The recrudescence was detected on Day 32. Three doses of
artesunate led to a decrease in parasitemia at Day 33 and negative
from Day 34 to 57 after a switch to IV quinine (to prevent the risk of
post-artesunate delayed haemolysis) followed by 3 days of
artemether-lumefantrine. The estimated parasite clearance time
of the second episode was 1.7 h.

Genotyping of samples collected at admission (Day 5), Day 7
and Day 32 for Pfmsp1 (Supplementary Figure S1) revealed the
presence of 2 clones of P. falciparum: one disappeared after the first
treatment while the second was responsible for the recrudescence.
No polymorphism was detected for the 3 samples in the K13 gene
(Supplementary Figure S2).

Discussion

This patient presented a recrudescence of a severe malaria
episode. For the first episode, he received a 7-day therapy of
intravenous artesunate with 3 doses (300 mg for 126 kg body
weight) given at 12-h intervals, then once a day for 6 days. He did
not receive the oral follow-on treatment with an ACT needed to
avoid recurrences.

This non-immune patient with high parasitaemia at admission
received a prolonged artesunate treatment (7 days) which should
have covered 3 parasite life cycles. It is known that patients with
hyperparasitaemia have an increased risk of recrudescence
(Luxemburger et al., 1995). The need for frequent microscopical
measures of blood parasitaemia during the treatment of malaria
with high parasite burden should be underscored.

Artemisinin resistance was described (Ashley et al., 2014;
Dondorp et al., 2009), manifested in an increase in PC1/2 (>5.5 h).
There was a delayed estimate of PC1/2 during the first episode of
severe malaria, but this value should be considered with caution
because the WWARN PCE was not used. The K13 genes of
P. falciparum identified from the initial and recrudescence episodes
were wild-type, eliminating a drug-resistant Plasmodium.

The patient may have been infected by at least 2 clones of
P. falciparum. It can be suspected that part of the parasite
population was cured by artesunate monotherapy, while another
part slowly decreased to subpatent levels and survived, despite the
7-day artesunate treatment. There is strong evidence that a 3-day
oral ACT, following the initial artesunate regimen, could have
prevented the severe recurrence. Practitioners should be aware of
the recrudescence risk of severe or non-severe malaria with
hyperparasitaemia (Luxemburger et al., 1995).

Why was the recurrence also a severe malaria case? The patient
received artesunate treatment according to the summary of
product characteristics (SPC). The patient’s weight may not have
impacted the distribution volume since artesunate is hydrophilic
and mainly distributed in lean tissue. According to the artesunate

renal replacement therapy. Unfortunately, the artesunate/DHA
dosage used was not available. Age, obesity, hypertension and
diabetes probably also contributed to the successive episodes of
severe malaria. A retrospective study in adults found that obesity
was associated with severe malaria, independently and in
association with other metabolic risk factors, such as hypertension,
dyslipidemia and diabetes (Wyss et al., 2017). Multiple
P. falciparum genotype infection has also previously been
associated with malaria severity (Nicastri et al., 2008).

It is of utmost importance to use the recommended 3-day
oral ACT after artesunate intravenous treatment (even a 7-day
treatment) and perform therapeutic drug monitoring, ensuring
optimal drug exposure and avoiding clinical failure. Frequent,
repeated microscopic examination of blood smears is needed
for early detection of recrudescence, particularly in cases of
high parasitaemia. Antimalarial stewardship actions (Bienvenu
et al., 2019) could help to promote these good clinical
practices.
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