N

N

Absence of association between polymorphisms in the
pfcoronin and pfk13 genes and the presence of
Plasmodium falciparum parasites after treatment with
artemisinin derivatives in Senegal
Océane Delandre, Sokhna Daffe, Mathieu Gendrot, Maguette Diallo, Marylin
Madamet, Mame Kounta, Moustapha Diop, Raymond Bercion, Abdou Sow,
Papa Ngom, et al.

» To cite this version:

Océane Delandre, Sokhna Daffe, Mathieu Gendrot, Maguette Diallo, Marylin Madamet, et al.. Ab-
sence of association between polymorphisms in the pfcoronin and pfk13 genes and the presence of
Plasmodium falciparum parasites after treatment with artemisinin derivatives in Senegal. Interna-
tional Journal of Antimicrobial Agents, 2020, pp.106190. 10.1016/j.ijantimicag.2020.106190 . hal-
02996284

HAL Id: hal-02996284
https://hal.science/hal-02996284
Submitted on 15 Dec 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-02996284
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0924857920303964
Manuscript_b8f5c7el1af438dcedebb01903e34c78

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Absence of association between polymorphisms in the pfcoronin and pfk13 genes and the
presence of Plasmodium falciparum parasites after treatment with artemisinin

derivatives in Senegal

Océane Delandre*®, Sokhna M Daffe!, Mathieu Gendrot**<, Maguette N Diallo?, Marylin
Madamet*>“¢, Mame B Kounta’, Moustapha N Diop#, Raymond Bercion", Abdou Sow', Papa
M Ngom!, Gora Lo, Nicolas Benoit**“¢, Rémy Amalvict*®>“¢ Isabelle Fonta®®“¢ Joel
Mosnier*®“<, Silman Diawara‘, Khalifa A Wade!, Mansour Fall¢, Khadidiatou B Fall!, Bécaye

Fall’, Bruno Pradines®"¢*

aUnité Parasitologie et entomologie, Département Microbiologie et maladies infectieuses,
Institut de recherche biomédicale des armées, Marseille, France

bAix Marseille Univ, IRD, SSA, AP-HM, VITROME, Marseille, France

‘[HU Méditerranée Infection, Marseille, France

dFédération des laboratories, Hopital Principal de Dakar, Dakar, Sénégal

“Centre national de reference du paludisme, Marseille, France

fService des urgences, Hopital Principal de Dakar, Dakar, Sénégal

£Service de réanimation médicale, Hopital Principal de Dakar, Dakar, Sénégal

"] aboratoire d’analyses médicales, Institut Pasteur de Dakar, Dakar, Sénégal

iService de maternité, Hopital Principal de Dakar, Dakar, Sénégal

ICentre medical inter-armées Lemonier, Dakar, Sénégal

KInstitut de recherche en santé, de surveillance épidémiologique et de formation (IRESSEF),
Dakar, Sénégal

IService de pathologies infectieuses, Hopital Principal de Dakar, Dakar, Sénégal

© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0924857920303964

26

27

28

29

30

31

32

*Corresponding author. Present address: Unité Parasitologie et Entomologie, Département
Microbiologie et Maladies Infectieuses, Institut de Recherche Biomédicale des Armées, IHU
Méditerranée Infection, 19-21 Boulevard Jean Moulin, 13005 Marseille, France. Tel.: +33
413 732 231.

E-mail address: bruno.pradines @ gmail.com



33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Abstract

Due to resistance to chloroquine and sulfadoxine-pyrimethamine, treatment for uncomplicated
Plasmodium falciparum malaria switched to artemisinin-based combination therapy (ACT) in
2006 in Senegal. Several mutations in the gene coding the kelch13 helix (pfki3-propeller)
were identified to be associated with in vitro and in vivo artemisinin resistance in Southeast
Asia. Additionally, three mutations in the pfcoronin gene (G50E, R100K and E107V) have
been identified in two culture-adapted Senegalese field isolates which became resistant in
vitro to artemisinin after 4 years of intermittent selection with dihydroartemisinin. The aims
of this study were first to assess the prevalence of pfcoronin and pfkl3 mutations in
Senegalese field isolates from Dakar and then to investigate their association with artemisinin
derivatives clinical failures. A total of 348 samples of P. falciparum from 327 patients,
collected from 2015 to 2019 in the Hopital Principal de Dakar, were successfully analyzed.
All sequences had wild-type pfki3 allele. The three mutations (G50E, R100K and E107V),
previously identified in reduced susceptibility parasites to artemisinin, were not found in the
present study but a new mutation P76S was detected (mean prevalence 16.2%). The P76S
mutation was identified in 5 of the 16 isolates (31.3%) collected from patients still
parasitaemic on Day 3 after ACT treatment and in 31 samples among the 203 patients
considered as successfully cured (15.3%). There was no significant association between in
vivo reduced efficacy to artemisinin derivatives and the P76S mutation (p = 0.151; Fisher’s
exact test). The present data suggest that polymorphisms on pfkl3 and pfcoronin are not the

best predictive markers for artemisinin resistance in Senegal.

Keywords
Malaria; Plasmodium falciparum; antimalarial drug; resistance; artemisinin; coronin; pfk/3;

molecular marker.
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1. Introduction

According to the latest World Health Organization (WHO) report, there were 228 million
malaria cases and 405,000 deaths in 2018 [1]. More especially, around 16 million of
inhabitants were exposed to malaria in 2018 in Senegal and about 537,000 new cases and 555
deaths have been declared [1]. Plasmodium falciparum was responsible for around 531,000
malaria cases in Senegal in 2018. Due to resistance to chloroquine and sulfadoxine-
pyrimethamine, treatment for uncomplicated Plasmodium falciparum malaria switched to
artemisinin-based combination therapy (ACT) in 2006 in Senegal. Artesunate-amodiaquine
and artemether-lumefantrine are recommended as first-line treatment. Dihydroartemisinin-
piperaquine obtained marketing authorization in 2017 and has been recommended as second-
line for uncomplicated malaria. Additionally, artesunate has been recommended as first-line
treatment for severe malaria. The use of artemisinin derivatives has resulted in a significant
reduction in transmission and mortality in many endemic areas [2]. However, P. falciparum
strains partially resistant to artemisinin emerged in Western Cambodia, Myanmar, Thailand,
Vietnam, and Laos and are now common in the region [3-6]. Artemisinin resistance has not
currently emerged in Africa. This resistance is characterized by the observation of a delayed
parasite clearance when patients are treated with either artesunate monotherapy or ACT. P.
falciparum resistance to dihydroartemisinin-piperaquine, the most recently marketed ACT,
was reported in Cambodia and Vietnam, where the prevalence of recrudescent infections
rapidly increased to 54% in Cambodia and 35% in Vietnam in 2015 [7, 8]. Artemisinin
resistance has not currently emerged in Africa.

The artemisinin resistance is characterized by the observation of a delayed parasite
clearance (> 5 hours) when patients are treated with either artesunate monotherapy or ACT [3,
5, 9]. Additionally, slow in vivo parasite clearance half-live was associated with in vitro

resistance which manifested as an increase in the ring-stage survival rate [10-12]. In 2014,
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several mutations in the gene coding the kelch13 helix (pfkl3-propeller) were identified as
associated with in vitro and in vivo artemisinin resistance in Southeast Asia [1, 11-15]. The
rare well-described clinical failures with ACT reported in Africa or in imported falciparum
cases from Africa were not associated with pfkl3 resistance-associated mutations [13, 16-21].

Recently, three mutations in the pfcoronin gene (G50E, R100K and E107V) have been
identified in two culture-adapted Senegalese field isolates from Pikine and Thies which
became resistant in vitro to artemisinin after 13 cycles of intermittent selection under
dihydroartemisinin pressure over a 4-year period (ring-stage survival rate > 7%) [22]. The
coronin protein belongs to the actin-binding protein family involved in the motility of P.
falciparum sporozoites [23]. This protein localizes to parasite membranes and is also
implicated in F-actin organization [24, 25]. The role of pfcoronin mutations in conferring
reduced susceptibility to artemisinin was confirmed by using CRISPR/Cas9 editing [22].
pfcoronin is believed to be predicted of artemisinin resistance in Senegal and probably
elsewhere in Africa.

The aims of this study were first to assess the prevalence of pfcoronin mutations in
Senegalese field isolates from Dakar and then to investigate their association with artemisinin
derivatives clinical failures. The sequences of pfkl/3 were simultaneous analyzed on the

several samples.

2. Methods
2.1. Plasmodium falciparum samples

A total of 348 samples of P. falciparum from 327 patients were successfully analyzed. The
isolates were collected in Dakar from August 2015 to January 2016 (193 samples from 182
patients), November 2016 to January 2017 (41 isolates from 40 patients), September to

November 2017 (31 isolates from 31 patients), September to November 2018 (54 samples
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from 47 patients) and October to November 2019 (29 isolates from 27 patients). Patients were
recruited from the emergency department, intensive care unit, infectious diseases unit and
paediatric department at the Hopital Principal de Dakar (75%), the Centre medical inter-
armées de Dakar (20%) and the Medical analyses laboratory of Institut Pasteur de Dakar
(5%).

At the Hopital Principal de Dakar, patients were treated with artemether-lumefantrine
(35.2%), artemether-doxycycline (35.2%), artemether (4.6%), artesunate-doxycycline
(20.3%), artesunate (2.3%), artemether-quinine (0.5%) or quinine (1.9%). Patients were only
diagnosed at the Centre medical inter-armées de Dakar and the Medical analyses laboratory of
Institut Pasteur de Dakar.

Venous blood samples were collected in Vacutainer® ACD tubes (Becton Dickinson,
Rutherford, NJ, USA) prior to patient treatment for parasite detection. The diagnosis was
performed on thin blood smears that were stained using a RAL® kit (Réactifs RAL, Paris,

France), to determine the P. falciparum density.

2.2. Analysis of polymorphism gene

Evaluation of pfkl3-propeller gene polymorphisms (codon positions 440 to 600) and
pfcoronin (codon positions 43 to 177) was performed using the same venous blood samples
used for diagnostic analysis. DNA from each sample was extracted using a QIAamp DNA

Mini Kit (Qiagen, Hilden. Germany) according to the manufacturer’s recommendations.

2.3. Analysis of pfkl3 gene
The pfkl3-propeller gene was amplified using a nested PCR method as previously
described [26]. The following primers were used: for PCR, forward primer 5-GGG AAT

CTG GTG GTA ACA GC-3' and reverse primer 5'-CGG AGT GAC CAA ATC TGG GA-3';
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and for nested PCR, forward primer 5-GCC TTG TTG AAA GAA GCA GA-3' and reverse
primer 5'-GCC AAG CTG CCA TTC ATT TG-3". The Sanger sequencing was performed by
BIOfidal (Vaulx en Velin. France) or using an ABI Prism 3100 analyser (Applied
Biosystems, Villebon sur Yvette, France). Results of pfki3-propeller gene sequencing were

aligned and compared with the corresponding sequences of the P. falciparum 3D7.

2.4. Analysis of pfcoronin gene
Pfcoronin (PF3D7_1251200) was amplified by polymerase chain reaction using primer pair to
target the three previous mutations (G50E, R100K and E107V): forward primer 5’-
TATATCGTTTTATATGATTTGTTC-3’ and reverse primer 5’-
CCGATATCCCATTGTAAAGA-3’. The reaction mixture consisted of 200 ng of genomic
DNA, 320 nM of each primers, 1X final of reaction buffer (750 mM Tris-HCI, 200 mM
(NH4)2SOs4, 0.1% (v/v) Tween 20 and stabilizer, pH 8.8), 200 uM of deoxynucleoside
triphosphate mixture (dGTP, dATP, dTTP and dCTP), 25 mM of MgCl> and 0.2 U of Red
Diamond Tag® polymerase (Eurogentec) in a final volume of 25 uL. The thermal cycler was
programmed as follows: initial denaturation at 95°C for 5 min, then 40 cycles composed of
denaturation at 95°C for 30 sec, hybridization at 55°C for 45 sec, elongation step at 72°C for
30 sec, and followed by a 7 min final extension step at 72°C.

The Sanger sequencing was realized by BIOfidal (Vaulx en Velin. France) using the
reverse primer.

The sequence analysis of the samples was performed using CodonCode Aligner software

(CodonCode Corporation, Centerville, MA, USA).
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2.5. Genotyping of malaria parasites

In the case of potential clinical failure with artemisinin derivatives, i. e. patients still
parasitaemic or/and with fever or clinical symptoms on Day 3 after treatment with artesunate
or artemether alone or in combination, a genotype analysis was performed in order to
differentiate a recrudescence or clinical failure (same parasite strain) from a new infection
(different parasite strain). Samples were analyzed by PCR genotyping of genetic markers

pfmspl and pfmsp2 and microsatellite loci [27, 28].

2.6. Statistical analysis
The association between clinical outcomes and mutations were analyzed using the

Fisher’s exact test.

3. Results

3.1. Analysis of pfcoronin gene

The results of the pfcoronin gene sequencing on the P. falciparum Senegalese isolates
revealed a new mutation P76S, which was detected every year (from 12.5 to 25.9%, mean
prevalence 16.2%) (Table 1). The three mutations (G50E, R100K and E107V), previously
identified in reduced susceptibility parasites to artemisinin, were not found in the present

study.

3.2. Analysis of pfkl3 gene

All sequences had wild-type pfkl3-propeller allele.

3.3. Association with clinical outcomes
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Sixteen isolates (4.9%), showing reduced in vivo efficacy to artemisinin derivatives, were
confirmed by genotyping. Among these 16 samples, all were wild-type for pfki3-propeller
and 5 isolates (31.3%) carried the P76S new mutation in pfcoronin. If no parasitological
monitoring was requested by clinicians after the first sample on Day 0, the patient was
considered as successfully cured. Among the 203 patients considered as successfully cured
with artemisinin derivatives used alone or in combination, 31 individuals (15.3%) had
parasites carrying the P76S new mutation in pfcoronin. There was no significant association
between in vivo reduced efficacy to artemisinin derivatives and the P76S new mutation (p =
0.151; Fisher’s exact test).

The mutation P76S was found in the sample from a 60-year-old female patient who
presented to Hopital Principal de Dakar with cerebral malaria, jaundice and hemoglobinuria

and was treated with artesunate and doxycycline but still parasitaemic on Day 5.

4. Discussion

None of the mutations previously described in the propeller region of pfk13 was identified
in the P. falciparum isolates collected in Dakar from 2015 to 2019. These data are consistent
with previous reports in Senegal, which revealed very few polymorphisms in pfki3-propeller
in Senegalese isolates [13, 18, 26, 29-33]. The artemisinin resistance is not yet described in
Senegal. However, rare clinical failures or patients who were still parasitaemic on Day 3 after
treatment with artemisinin derivatives used alone or in combination were reported in Senegal
[13, 18, 30, 33]. In the present study, 4.9% of the samples collected at the Hopital Principal de
Dakar were still parasitaemic on Day 3. But none of these parasites carried a mutation in
pfkl3-propeller.

The new mutation P76S was found in 53 infected patients (16.2%). This mutation was

identified in 12.5 to 25.9 % of the samples from Dakar each year since 2015. This mutation
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was not reported in parasites from the centre and south of Senegal (Diourbel and Kedougou
regions, respectively) [33]. However, this mutation was already reported in Gabon (11%),
Ghana (16%), Kenya (4%) and Congo (17%) [34]. This mutation was not detected in 179 P.
falciparum isolates collected in Pakistan in 2018-2019 [35]. In Senegalese P. falciparum
parasites, the P76S mutation was identified in 5 of the 16 isolates (31.3%) collected from
patients still parasitaemic on Day 3 after ACT treatment and in 31 samples among the 203
patients considered as successfully cured (15.3%). There was no significant association
between in vivo reduced efficacy to artemisinin derivatives and the P76S mutation (p = 0.151;
Fisher’s exact test). The mutation P76S was found in parasites from patient with cerebral

malaria and still parasitaemic on Day 5.

5. Conclusion

This study showed that limited polymorphisms are identified in pfcoronin in Senegalese P.
falciparum isolates. The present data suggest that polymorphisms in pfkl3-propellerand
pfcoronin are not the best predictive markers for artemisinin resistance in Senegal. However,
it may be premature to reject the potential role of pfcoronin polymorphisms in artemsisin
resistance due to the relatively low number of patients analyzed in this study. Another
limitation of this study was not determining the in vitro susceptibility to artemisinin
derivatives using the ring survival assay (RSA). The three mutations in pfcoronin (G50E,
R100K and E107V) are shown to be associated with an increase in RSA rate after contact
with artemisinin [22]. Indeed, clinical resistance to artemisinin is manifested by an increase in

RSA rate [10-12. 36].
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Table 1

Prevalence of the P76S mutation in pfcoronin gene in 327 Plasmodium falciparum Senegalese isolates collected at Day 0

Number and proportion of isolates with pfcoronin mutations per year

Mutations 2015-2016 2016-2017 2017 2018 2019 2015-2019

No =182 No =40 No =31 No =47 No =27 No =327

P76S 29 (15.9%) 5(12.5%) 4 (12.9%) 8 (17.0%) 7 (25.9%) 53 (16.2%)




Table 2

Characteristics of the P. falciparum isolates with confirmed clinical reduced efficacy to artemisinin derivatives

Treatment Parasitaemia (%) Day parasitaemia =0 Presence of fever or Mutations

clinical symptoms

Day 0 Day 3 pfki3 pfcoronin
Artemether-doxycycline 0.6 0.66 Day 5 WT WT
Artemether-doxycycline 32 0.53 Day 5 WT WT
Artemether-doxycycline 0.33 0.05 Day 4 Day 4 WT WT
Artemether-doxycycline 0.73 0.13 Day 5 WT WT
Artemether-doxycycline 0.06 0.00 Day 3 Day 7 WT WT
Artemether-doxycycline 0.73 0.03 Day 4 WT WT
Artemether-doxycycline 0.26 0.06 Day 4 Day 4 WT WT
Artemether-doxycycline 0.33 ? ? Day 4 WT WT
Artemether-lumefantrine 0.5 0.2 Day 8 WT WT
Artemether-lumefantrine 0.26 0.46 Day 6 WT WT
Artesunate ? 0.7 Day 11 WT WT
Artesunate-doxycycline 4.73 0.2 Day 5 WT P76S
Artesunate-doxycycline 0.47 0.4 Day 5 Day 8 WT P76S
Artemether-doxycycline 6.06 0.25 Day 5 Day 6 WT P76S
Artemether-lumefantrine 0.46 0.06 Day 5 WT P76S

Artemether-lumefantrine 0.46 0.46 Day 6 WT P76S






