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Malaria: vektoren




Malaria: symptomer
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Malaria: forbedringer i smitte og dgdelighed
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Malaria: forbedringer i smitte og dgdelighed
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2017: 219 million cases (2015-2017 no significant progress), 435 000 deaths (2010: 607 000)
Africa 200 million (92%)

Nigeria (25%) - Democratic Republic of the Congo (11%) - Mozambique (5%) - India (4%) -
Uganda (4%)

South-East Asia incidence rate fall — 2010: 17 per 1000, 2017: 7 per 1000
Parasite:

Plasmodium falciparum: Africa 99.7% of cases, South-East Asia 62.8%
Plasmodium vivax: Americas 74.1%



Malaria: udbredelsen svinder ind
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An infectious disease characterized by cycles of chills, fever, and sweating, caused by a protozoan of the
genus Plasmodium in red blood cells, which is transmitted to humans by the bite of an infected female
anopheles mosquito.
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Q&A on artemisinin resistance

WH O July 2016
a n befa | e r 1. What is artemisinin?

|solated from the plant Arfemisia annua, or sweet wormwood, artemisinin and its
derivatives are erful medicines known for their ability to swiftly reduce the number
of Plasmodium parasites in the blood of patienis with malaria. Artemisinin-based
combination therapies (ACTs) are recommended by WHO as the first-line treatment
for uncomplicated P falciparum malaria. Expanding access to ACTs in malaria-
endemic countries has been integral to the remarkable recent success in reducing
the global malaria burden. The number of ACT treatment courses procured from
manufacturers increased globally from 11 million in 2005 to 337 million in 2014.

ACTs combine artemisinin derivatives with a partner drug. The role of the artemisinin
compound is to reduce the main parasite load during the first 3 days of treatment,
while the role of the partner drug is to eliminate the remaining parasites. In patients
who are infected with artemisinin-resistant strains of malaria, the artemisinin
compound does not clear all parasites by the third day of treatment. However,
patients are siill cured as part of a longer treatment regimen, provided that they are
treated with an ACT containing a partner drug that is effective in that geographical
area. WHO currently recommends 5 different ACTs.

2. What is the state of artemisinin resistance around the world?

As of July 2018, artemisinin resistance has been confirmed in 5 countries of the
Greater Mekong subregion (GMS): Cambodia, the Lao People’s Democratic
Republic, Myanmar, Thailand and Viet Nam. In the large majority of sites, patients
with artemisinin-resistant parasites still recover after treatment, provided that they are
treated with an ACT containing an effective partner drug. However, along the
Cambodia-Thailand border, P. falciparum has become resistant to almost all available
antimalarial medicines. There is a real risk that multidrug resistance will soon emerge
in other parts of the subregion as well.



Artemisinin: oprindeligt fundet i planteekstrakt




Artemisinin: Tu Youyou
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-screener over 2000 traditionelle kinesiske opskrifter
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Artemisinin: kan laves vha. geer
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Artemisinin: reagerer med jern i rgde blodlegemer
og danner frit radikal

Artemisinin

4 radical O seco-C4d radical

O

Peroxidbro (rgd) klgves ved interaktion med Fe?*
'C4' og 'seco-C4' frie radikaler kan modificere biomolekyler



Artemisinin: hvilke molekyler pavirker det?
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Presenter
Presentation Notes
These images represent a (trophozoite-stage) malarial parasite (blue) growing inside a red blood cell. a, It was originally supposed that artemisinin (ART) was transported to the food vacuole of the parasite (white), where it was converted into a free radical after an interaction with Fe2+-haem. These free radicals were then thought to modify and inhibit haem, lipids and at least four proteins, resulting in parasite death. b, Krishna and colleagues2 now propose that artemisinin is transported from the red blood cell into the parasite inside parasite-derived membrane vesicles. Once inside the parasite, artemisinin is activated by free iron, or another iron-dependent process, that occurs close to PfATP6 in the endoplasmic reticulum. The activated artemisinin specifically and irreversibly binds and inhibits PfATP6, and inhibits parasite growth.
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Nature 424, BET-889 (21 August 2003) | dol:10.1038/424B87a

Malaria: To Kill a parasite

Robert G. Ridleyl

Artemisinins have been used since ancient times to treat malaria. A . 14
new theory could explain how this age-old medicine is able to cause
the death of the malaria parasite.

The Chinese herb ginghao (Artemisia annua) has long been used to treat malaria
— Taoist manuscripts dating back to the third century describe the use of
ginghao extracts to treat malaria-related feversl. Over the past two decades,
derivatives of the herb's active ingredient, artemisinin, have made an increasing
contribution to malaria treatment. But the precise mechanism by which
artemisinin derivatives kill the parasite has remained obscure. Writing on page

957 of this issue, Krishna and colleagues? propose a radical new theory to
explain the molecular basis of the antimalarial activity of artemisinin.

Malaria remains a scourge of the developing world, killing over a million people
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Artemisinin: hvilke molekyler pavirker det?

Artemisinins target the SERCA of Plasmodium
falciparum

U. Eckstein-Ludwigl, R. J. Webb, 1. D. A. van Goethem<, J. M. EastZ, A. G. LeeZ,
M. Kimura3, P. M. O'Neilld, P. G. Bray2, 5. A. Ward2 & S. Krishnal

1. Department of Cellular and Molecular Medicine, 5t George's Hospital Medical School, Cranmer
Terrace, London SW17 ORE, UK

Nature 2003



SERCA: en calciumpumpe
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Artemisinin: inhiberer parasittens calciumpumpe




Artemisinin: inhiberer parasittens calciumpumpe
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Artemisinin: inhiberer parasittens calciumpumpe —

ATPase activity (%)
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NATURE STRUCTURAL & MOLECULAR BIOLOGY | CORRIGENDUM oy fm)

A single amino acid residue can determine the
sensitivity of SERCAs to artemisinins

Anne-Catrin Uhlemann, Angus Cameron, Ursula Eckstein-Ludwig, Jorge Fischbarg, Pavel
Iserovich, Felipe A Zuniga, Malcolm East, Anthony Lee, Leo Brady, Richard K Haynes &
Sanjeev Krishna

Nature Structural & Molecular Biology 19, 264 (2012) | doi:10.1038/nsmb0212-264

PDF = # citation | [ Reprints = %\ Rights & permissions Article metrics

Nat. Struct. Mol. Biol. 12, 628-629 (2005); published online 5 June 2005; corrected after print 3
February 2012

Note: U.E.-L. was unavailable to comment on this corrigendum.
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Presenter
Presentation Notes
(a) Sequence alignments of M3, M5 and M7 helical regions of SERCAs. Red highlights sequence differences, and magenta indicates residues aligned with Leu263 in PfATP6. Sequences were aligned using ClustalW20. (b) Energy-minimized models of the rabbit SERCA1 thapsigargin-binding site (PDB entry 1IWO, left) and the corresponding region of a model of PfATP6 containing artemisone (right). Electrostatic interactions are predicted to exist between Lys252 and Glu255 on helix M3 in the mammalian SERCA1. In PfATP6 Lys260 is predicted to bond to the L6/7 loop above helix M7.



Table 1

Nature Structural & Molecular Biology 12, 628 - 529 (2005)
Published online: & June 2005; | dei:10.1038/nsmb947

A single amino acid residue can determine the sensitivity of SERCASs to artemisinins

Anne-Catrin Uhlemann, Angus Cameron, Ursula Eckstein-Ludwig, Jorge Fischbarg, Pavel Iserovich, Felipe & Zuniga, Malcolm East, Anthony

Table 1 Mutations in SERCAs
Sequence Artemisinin & (nM)
|FfaTPS
Leu263 (wild type) 169 £ 31% /4.4 2 1.7
L2B3A (P. wivax) 63 + 175
L2635 (P. bergheal) 530 + B4
L2B3E {mammalian) =50,000
L263D =>50,000
L263K =>50,000
L263Q 552 + 143
F2B4L 4,150 * 1,850
1897 122 + 13
SERCAL
E255L (P, falciparum) 914 + 109"
|Orthologs
PVSERCA F.r+t49
PbSERCA 5,660 £ 2,330




Supplementary Figure 2. Inhimtion curves of PIATP6 and mutants with artermisinin or artermsone; the

| en senere rettelse: originaldata fremlaegges

activity in the presence of an artermsinin inhibitor, normahsed with respect to values that are obtained
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(b} Inhibition of PIATP6L263A by artermsinin, with inclusion of 2 possible outlying values (at 1nM).
Results from 3 experiments are presented here (4 expenments were analyzed in the oniginal paper).
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Reappraising the effects of artemisinin on the
ATPase activity of PfATP6 and SERCA1a E255L
expressed in Xenopus laevis oocytes

Stéphanie David-Bosne, Michael Voldsgaard Clausen, Hanne Poulsen, Jesper Vuust Meller,
Poul Nissen & Marc le Maire
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Nature Structural & Molecular Biology 23, 1-2 (2016) | doi:10.1038/nsmb.3156
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Vi kan ikke male en effekt af artemisinin pa SERCA
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Hvordan virker det sa? Wiki:

Mechanism of action [edit)

As of 2015, the mechanism of action of arteminisins was not known, but the most widely accepted theory was
that they are first activated through cleavage after reacting with haem and iron(ll} oxide, which results in the
generation of free radicals that in turn damage susceptible proteins, resulting in the death of the

parasite.[38137] |n 2016 artemisinin was shown to bind to a large number of targets suggesting that it acts in a
promiscuous manner.[3E]



Hvordan virker det sa? WHO:

In late 2013, researchers identified a molecular marker: mutations in the Kelch 13
(K13) propeller domain were shown to be associated with delayed parasite clearance
in vitro and in vivo. The molecular marker could allow for a more precise mapping
and monitoring of the geographical distribution of resistance. It could also enable a
retrospective mapping of possible resistance in a large number of settings. WHO is
working with researchers, national malaria programmes and other partners — within
and outside of the GMS — to map the presence of artemisinin resistance. Meanwhile,
therapeutic efficacy studies remain a central tool for monitoring the efficacy of
nationally recommended antimalarial treatments in all countries.
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Frequency Distribution of the Wild-Type K13 Allele
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Presentation Notes
Figure 2. Frequency Distribution of the Wild-Type K13 Allele. Shown are the distributions of the wild-type K13 allele in Asia (Panel A) and around the world (Panel B). Areas in which malaria is endemic are shaded in gray, and areas that are considered to be malaria-free are shown in white. The mean frequency of the wild-type allele is indicated by the color code. In Panel A, the individual sites of sample collection are indicated with a cross. In Panel B, a 100-km radius was used for the area centered on each sampling site or on the capital city of the country if no specific site was used for sampling. Data regarding sampling methods and K13 diversity according to country are provided in Tables S4, S5, and S7 and Fig. S3 in the Supplementary Appendix.
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Figure 2. Frequency Distribution of the Wild-Type K13 Allele. Shown are the distributions of the wild-type K13 allele in Asia (Panel A) and around the world (Panel B). Areas in which malaria is endemic are shaded in gray, and areas that are considered to be malaria-free are shown in white. The mean frequency of the wild-type allele is indicated by the color code. In Panel A, the individual sites of sample collection are indicated with a cross. In Panel B, a 100-km radius was used for the area centered on each sampling site or on the capital city of the country if no specific site was used for sampling. Data regarding sampling methods and K13 diversity according to country are provided in Tables S4, S5, and S7 and Fig. S3 in the Supplementary Appendix.
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Figure 1. K13 Nonsynonymous Mutations, According to Country and Continent. Shown are the percentages of nonsynonymous mutations that have been identified in the portion of the Plasmodium falciparum K13 gene encoding the kelch-propeller domain in Asia, Africa, South America, and Oceania. Synonymous mutations that do not modify the protein sequence are not indicated. At present, all the mutations that have been associated with resistance to artemisinin derivatives have resulted in nonsynonymous amino acid changes. The black circles indicate medians and the I bars interquartile ranges for each continent. K13 nonsynonymous mutations were not detected in 27 countries from which samples were obtained (19 in Africa, 2 in Asia, 1 in Oceania, and 5 in South America). Names are not shown (owing to a lack of space) for the following countries: in Asia: Afghanistan, Iran, Bangladesh, Nepal, Indonesia, and Philippines; in Africa: Cameroon, Congo, Democratic Republic of Congo, Equatorial Guinea, Gabon, Burundi, Ethiopia, Rwanda, Sudan, South Sudan, Somalia, Tanzania, Uganda, Madagascar, Angola, Malawi, Mozambique, South Africa, Zimbabwe, Benin, Burkina Faso, Ghana, Guinea Bissau, Ivory Coast, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, and Togo; in South America: Brazil, Colombia, Ecuador, French Guiana, Peru, and Venezuela; and in Oceania: Papua New Guinea and Solomon Islands. The percentages for Chad and Gambia were derived from a sample size of less than 50. Details regarding sampling and K13 diversity according to country are provided in Tables S4, S5, and S7 and Fig. S3 in the  Supplementary Appendix. CAR denotes Central African Republic.


WHO: artemisinin-kombinationsterapi stadig effektivt

Currently, even if patients are infected with artemisinin-resistant parasites, nearly all
patients treated with an ACT are fully cured provided that the partner drug is highly
efficacious in that geographical area. In the absence of partner drug resistance,
artemisinin partial resistance rarely leads to treatment failure. Furthermore, there is
no evidence that artemisinin partial resistance alone has resulted in an increase in
malaria morbidity and mortality in the GMS. Nevertheless, the proportion of treatment
failures increase when both resistance to artemisinin and to ACT partner drugs are
present, compared to resistance to the partner drug alone.



PERSISTENT BATTLES WITH MALAR' Fighting not only with mutating parasites
but also with drug and insecticide resistance
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ANTIMALARIAL DRUG EFFICACY HAS DROPPED DUE TO GENETIC MUTATIONS AND OTHER FACTORS AS OF NOW, ACTS ARE THE MOST EFFECTIVE AND DEPENDED ON MEDICATION FOR MALARIA
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