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Plasmodium cycle
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Global malaria distribution
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55% malaria cases from 6 countries:
- Nigeria: 26.8%
- DRC: 12%
- Uganda: 5.4%
- Mozambique: 4.2%
Angola: 3.4%
- Burkina Faso: 3.4%

WHO. World Malaria Report, WHO, 2021
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Epidemiology

* 249 millions cases in 2020 in 85 countries

* Incidence decreased by 27% between 2010
and 2015 and < 2% between 2015 and 2019

* |ncrease in number of cases in 2019 due to
COVID 19 pandemic

* Twenty nine countries accounted for 95% of
malaria cases globally

* Global mortality estimated at 627,000 in 2020

* Increase in number of deaths in 2020 due to
COVID 19 pandemic (68%), and new method
of calculation (32%)

* Mortality decreased by 50% between 2010
and 2019
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Antimalarial treatments

Uncomplicated P. falciparum malaria

* Artemether-lumefantrine Antifolates
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Special risk groups exflagellation

* Intermittent preventive AW  Merozotes
treatment in pregnant
women (IPTp) with SP

Clinical
symptoms
Erythrocyte

* Perennial and seasonal
malaria chemoprevention

Quinolines and

Schizont related drugs,
. antifolates,
(PMC and SMC) with SP and antibiotics,
. atovaquone,
SP/AQ res pectlvely Artemisinins —| Trophozoite | pyronaridine

James S. McCarthy, Richard N. Price, in Mandell, Douglas, and Bennett's
Principles and Practice of Infectious Diseases (Eighth Edition), 2015
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https://www.sciencedirect.com/book/9781455748013

Antimalarial drug resistance

“First” year
reported resistance

Difference (years)

Introduction

Quinine 1832 1910 278
Chloroquine 1945 1957 12
Proguanil 1948 1949 1
Sulfadoxine- 1967 1967 <1

pyrimethamine

Mefloquine 1977 1982 5
Atovaquone 1996 1996 <1
Artemisinin deriv. 1971 2006-2007 35

Adapted version of Wongsrichanalai et al. Lancet Infectious Diseases. 2002

Swiss TPH g




Emergence of antimalarial drug resistance

* De novo mutations arise spontaneously and rarely (1 in 10" to < 1 in 1078)

* De novo mutations highly likely to occur in hyperparasitaemic patients with high parasite
biomass (up to 1072)

Degree of resistance conferred by the genetic event (mutation, gene copy number)
Fitness cost of the genetic event leading to resistance

Drug half life and pharmacodynamics play a major role in selecting resistant parasites
Emergence also affected by drug levels (under-dosing that selects resistant parasites)
Selection of resistant parasites by drug pressure

Emergence and selection of resistant parasite in low transmission settings

Mediators Effectors
Sexual recombination

—F (“outcrossing”)
Average no, of clones per host | (
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. & Hastings & Watkins. Acta Trop. 2005 Jun;94(3):218-29. Hastings & Watkins. Trends Parasitol. 2006;22(2):71-7
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Spread of antimalarial drug resistance

* Spread from low to high transmission settings

* Emergence of low grade resistance in high
transmission settings

* Intrahost competition plays an important role in
high transmission settings

Hayton & Su. Curr Genet. 2008 Nov;54(5):223-39.

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 9, 20006 VOL. 355 NO. 19

Return of Chloroquine Antimalarial Efficacy in Malawi

Miriam K. Laufer, M.D., Phillip C. Thesing, D.O., Nicole D. Eddington, M.S., Rhoda Masonga,
Fraction K. Dzinjalamala, Ph.D., Shannon L. Takala, Ph.D., Terrie E. Taylor, D.O., and Christopher V. Plowe, M.D., M.P.H.
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Emergence of artemisinin resistance

Tht NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE |‘

parasitemia (% from admission, median, IQR)

Artemisinin Resistance in Plasmodium
falciparum Malaria
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Dondorp et al., N Engl J Med. 2009;361(5):455-67

nature

Published: 18 December 2013

A molecular marker of artemisinin-resistant
Plasmodiumfalciparummalaria

Frédéric Ariey & Benoit Witkowski, Chanaki Amaratunga, Johann Beghain, Anne-Claire Langlois, Nimol

Duong, Sokunthea Sreng, Seila Suon, Char Meng_Chuor, Denis Mey Bout, Sandie Ménard, William O.

Rogers, Blaise Genton, Thierry Fandeur, Olivo Miotto, Pascal Ringwald, Jacques Le Bras, ... Didier Ménard

Current list of validated and candidate or associated PfK13 mutations

Validated Candidate or associated

F446l P553L PasIL N5371/D
N458Y ' R561H G449A : G538V
M476l P574L C469F/Y V568G
Y493H C580Y A48V : R622I
R539T R515K A675V
1543T : P527H '

WHO. Global Malaria Programme.2020




ACT resistance

Artesunate-sulfadoxine -pyrimethamine

Artesunate-amodiaquine

Artesunate-mefloquine

Dihydroartemisinin-piperaquine

Artemether-lumefantrine C Plasmepsin-2and Plasmepsin-3
amplification status

Artesunate-pyronaridine 100 \_Il
£ go-
2
£
i 60_
g
P
5 407
g
3
g 20 —— Single
« —— Amplified
0 I I 1 I I I
0 7 14 21 28 35 42
Number at risk Time (days)
(number censored)

Single 36(0) 33(3) 33(3) 33(4) 29(4) 27(5 26(5)
Amplified 103(0) 100(3) 95(4) 79(5) 5S5(7) 43(8) 35(8)

§ Van der Pluijm et al. Lancet Infect Dis. 2019;19(9):952-961
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Confirmed artemisinin resistance in Africa

a ik Study sites Uganda
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g’" ’ ! Uwimana et al. Nat Med. 2020;26(10):1602-1608.
& - % I Kabutare HC
7 5:3:%':?.;3?3;2';': — / Burundi Uwimana et al. Lancet Infect Dis. 2021;21(8):1120-1128.

Tanzania

- 259 B AG7SV
— i . W C469Y
ngola . r’]\ 204 Other mutation
Malawi
Zambia

Nsanzabana. Malar J. 2021;20(1):401.

154

10+
* Local emergence of Artemisinin resistant parasites in Rwanda and Uganda 5- s
* Molecular markers (Pfk13 mutations) associated with delayed parasite clearance -

* Artemisinin resistance was not associated with ACT treatment failure ¢ 2015 2016 2017 2018 2019
(N=77) (N=94) (N=101) (N=67) (N=96)

Balikagala et al. N Engl J Med. 2021;385(13):1163-1171
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How to prevent/slow antimalarial drug resistance

: Use . :
Avoid i Assure high Avoid drug
moncivrapy [Rull “ooveton [ Ciliats [

.

Ensure
Banned Different_ mode prodzrt;?gn to alternative
monotherapy of actions patients treatment

choice

Monitoring & Evaluation
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Antimalarial drug efficacy monitoring

Gold standard

*The gold standard for measuring
clinical efficacy

*No technical expertise needed

*MNo special equipment or expensive
reagents required

*Guiding treatment policy change

* Availability of WHO standardized
protocols

*Misclassification of recurrent
parasitemia

+Effect of immunity and drug
pharmacokineticson outcome

=Difficulties in selecting the suitable
cohort of patients

*Need for eorrection by genotyping
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Abdul-Ghani et al., Acta Trop. 2014;137:44-57

In vitro/ex vivo
assays

*Reflecting true or intrinsic resistance

* Mot affected by host confounding
factors, including immunity

*MNot affected by drug pharmacokinetics

*\Valuable for investigating candidate
drugs

*Helpful for characterizing resistance

Molecular
markers

*Detecting resistance before becoming
clinically evident

*Suitable for surveillance purposes

+Not affected by host confounding
factors, including immunity

*Not affected by drug pharmacokinetics

+Easy collection, storage and transport
of blood samples on filter papers

*Not always correlated with in vivo
results

+High technicality and expertise
required

*Labor-intensive and requiring
culture-sensitive conditions

*Hazardous in case of isotopic assays

+Lack of standardization and

reproducibility

*MNot always correlated with in vivo
results

*High technicality and expertise
required

*Lack of standardization




Antimalarial drug resistance and immunity

.l 8

2 0

=

s i

3 o)

(%]

s .o 8

S A

a

o

2

=

i)

I ] ] I | L
0 3 6 9 12 15

Age (years)

Lopera Mesa et al., J. Infect. Dis. 2013;207(11):1655-63
* Decreasing blood stage immunity associated with increasing
PC1/2 and increasing prevalence of PfK13 mutations
* Naturally acquired immunity: confounding factor for drug efficacy

* Naturally acquired immunity accelerates parasites clearance
after artesunate treatment

* Therapeutic efficacy studies in < 5 years old in high transmission
settings
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Blood-stage immunity level

J Infect Dis. 2009 Mar 1; 199(5). 758-765

doi: 10.1086/596741

PMID: 19199542

Decreasing Efficacy of Antimalarial Combination Therapy in Uganda
Explained by Decreasing Host Imnmunity Rather than Increasing Drug

Resistance

Bryan Greenhouse 1 Madeline Slater ! Denise Njama-Meya 2 Bridget Nzarubara 2 Gatherine Maiteki-Sebuguzi 2

Tamara D_Clark 1 Sarah G_Staedke 2 Moses R. Kamya 2 alan Hubbard 2 Philip J. Rosenthal ' and Grant Dors‘.e\-r1
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5380044/

Use of molecular markers of resistance for surveillance

In vitro] PYR ICy,

EARLY WARNING X Mo:eculatr: Ft’fdhfr
BEFORE CLINICAL [T
FAILURE
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Sulfadoxine-pyrimethamine drug introduction in Kenya (Kilifi)

. g Data from Alexis Nzila, Edward Mberu Kamau and Carol Sibley
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COVID-19 as an accelerator for molecular surveillance in Africa

A&riqan(ﬁ\ﬁ AFRICA CDC OurWork ~  RCCs ~  Resources News  COVID-19 ~  Diseases v
n|0n \_‘j_‘// :n‘.hmm:m‘m.‘ir.n:‘m

Africa PGI - Monitoring SARS-CoV-2 Sequencing in Africa Selecta Country

All Countries

Last Updated: 08/25/2021
(Weekly Updates)

: ! (J
3 5 0 1 ) Q : ¢ . W Africa PGl - Monitoring SARS-CoV-2 Sequencing in Africa Solecta County
7 $& . .

Total SARS-CoV-2 Sequences e O
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o

3 7 @ o Total SARS-CoV-2 Sequences
S Raportiog Gamma ) Esri, FAO, NOAA Powered by Esri
« SARS-CoV-2 Sequencing » Ws-Omon R1.1.529) M5 - Bota (8.1.351)

42,561 12,292

Sequences - Omicron Sequences - Beta

https://africacdc.org/institutes/ipa/ Accessed 31.08.2021 5 0 3 i S T

M - Alpha (8.1.1.7) MS - Gamma (P.1)

4,996 3

Sequences - Alpha

Additional country-spacific sequencing info: Mova the mouse cursor ovar the country of interest and dlick on it.

https://africacdc.org/institutes/ipg/ Accessed 26.09.2022

er State report, and Official Specialized

oW-2

Sequences - Gamms Disclaimer: Datz collected from muktiple sources and may not reflact the actual figures in country.
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https://africacdc.org/institutes/ipg/
https://africacdc.org/institutes/ipg/

Antimalarial drugs pipeline

Research Translational Product Development
Lead Candidate ) Preclinical Human ) Patient Patient
optimization profiling volunteers exploratory confirmatory
i i o ® — — -
2 series NebraskaMonash/ Zydus Cadia
GSK STPHI
Pantothenates AN13TE2
TroplQRUMC
Phenotypic Lead SAR121
Daiichi-Sankyo Sanofi

Open Source Series
Universty of Sydney

T3 E VMMVOO®:

@ Medicines for Malaria Venture

Research & Development Access Partnering Ourimpact Aboutus Malaria & medicines | Ng

Purines
Celgene
Home > Newsroom > Pressrelease >
Novartis and Medicines for Malaria Venture report positive results for Phase IIb study of novel ganaplacide/lumefantrine combination in children with malar
= Novartis and Medicines for Malaria Venture report positive
results for Phase IIb study of novel
ganaplacide/lumefantrine combination in children with
Molecular Target malarla
DDU Dundee

The positive Phase lIb results for the next generation antimalarial therapy support continued
development of the combination

29 Sep 2021

SWiSS TPH g https://www.mmyv.org/research-development/mmv-supported-projects
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