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How many human strains of Plasmodium?

P, vivax-like P. malariae-like P. ovale-like P. knowlesi
Infects human P, vivax P. malariae P ovale curf151 .
P. ovale wallikeri
P. cynomolgi
)“\ / . ";f:;t;’;::‘ef;" £ oo P. brasilianum P. knowlesi

¢

‘ ~‘ P. vivax
m " % P. ovale
q\’\ , o .‘-' P. malariae

. - ] ﬂ!‘”

/ P. knowlesi
. . /
1\ P. vivax }"\ P. vivax /"\/ MR\ p. cynomolgi

I

P. malariae P. ovale :
P. malariae P. inui
/ P. simium P. schwetzi M\ P. eylesi
/ M\ P. brasilianum M\ B oini

I 4 N

Hang JW, et al. Pathogens. 2021 Jul 13;10(7):889.



Difficult to make a
diagnosis of malaria?

Yes or No



History and physical examination

* Typical clinical features:ghill, headache,

malaise...
* Typical fever patte rtian, Quantan
* Typical signs: omegaly, anemia

* Typical incubation period



SYMPTOMS OF "ALARIA

Nausea Vomiting
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development of host
immunity and
asynchrony of the

parasites invading RBC, 1000 ] 1160[0[]
typical fever patterns are
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Greenwood BM, et al. Lancet 2005; 365: 1487—98



Disease Severity

and Duration

vivax ovale malariae falciparum
Prepatent Period (days) 8-12 8-12 15-18 6-9
Incubation Period (days) 8-27 8-27 16->40 6-25
Severity of Initial moderate to . mild to ,
mild severe
Paroxysms severe moderate
Average Parasitemia -
e 20,000 9.000 6.000 50,000
(per mm’) 500,000
Maximum Parasitemia
3 50.000 30.000 20,000 2,500,000
(per mm")
Typieal Sympiom Duration 3-8 weeks 2-3weeks  3-24 weeks  2-3 weeks
(untreated)
Maximum Iniection 5-8 years®  12-20 months™ 20-50 years  6-17 months
Duration (untreated) oY T ool yean ‘
Anemia ++ + ++ ++++
Other Complications renal cerebral

*Includes relapses




Difficult to predict malaria from the incubation period

Table 2
Incubation periods for diseases

Incubation Period Diseases

<7 Days Common: malaria, traveler’s diarrhea, dengue, enteric fever, respiratory
tract infection
Others: rickettsioses, leptospirosis, meningitis, yellow fever, arbovirus,
meningococcal

7-21 Days Common: malaria, enteric fever
Others: rickettsioses, viral hepatitis, leptospirosis, HIV, Q fever,
brucellosis, African trypanosomiasis

>21 Days Common: malaria, enteric fever

Others: tuberculosis, hepatitis B virus, bacterial endocarditis, HIV, Q fever,
brucellosis, amebic liver disease, melioidosis

Wattel C et al. Med Clin N Am 2012:96,1225-1255



Places of
travel over the
last 1 month

per person per year

B 040053
=, [ 015039
J B 0.038-0.14
B 0.0019-0.037
| 0.000000015-0.0018

| l Mo malaria

Spira AM. Lancet 2003,361:1459-69



Malaria Heat Map
By CDC Estimated Risk

B High
Moderate

H Low

W Very Low
No data
None

Data sourced from CDC, July 2018: https:/www.cdc.gov/malana/travelers/country_table/a html



The message
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Clinical
| Uncomplicated Complicated

Species Any Falciparum mostly
Symptoms Non-specific Organs specific symptoms
ARDS, circulatory collapse, renal
P/E Mild anemia, failure, liver failure, metabolic
Mild splenomegaly acidosis, hypoglycemia, DIC,
severe anemia
Hyperparasitemia:
, > 1000 parasites/ml
<
Parasitemia > parasﬁes(rpl of blood > 5-10% parasitized RBC
< 0.1% parasitized RBC . ,
In Low transmission region: 5%
In high transmission region: 10%
Cytoadherence No Yes
Cerebral malaria Low risk High risk

Severe anemia: 1%
Mortality Low Metabolic acidosis: 15%
Coma: 18%



Severe Falciparum malaria

2 1 of the following, in the presence of P. falciparum asexual parasitaemia & after excluding other causes

Impaired
consciousness

Prostration
Convulsions
Acidosis
Hypoglycaemia

Severe anaemia

Renal impairment
Jaundice
Pulmonary oedema

Significant bleeding
Shock

Hyperparasitaemia

GCS < 11 in adults or a Blantyre coma score < 3 in children

unable to sit, stand or walk without assistance

> 2 episodes within 24 h

BE > 8 mEq/L, bicarbonate < 15 mmol/L or venous lactate > 5 mmol/L.
Blood or plasma glucose < 2.2 mmol/L (< 40 mg/dL)

Hb <5 g/dL or a HCT < 15% in children < 12 years of age (< 7 g/dL and < 20%,
respectively, in adults) with a parasite count > 10 000/puL

Cr > 265 pumol/L (3 mg/dL) or blood urea > 20 mmol/L
bilirubin > 50 umol/L (3 mg/dL) with a parasite count > 100 000/ pL
Radiologically confirmed or Sa02 < 92% on RA with RR > 30/min

Recurrent or prolonged bleeding

Compensated shock: capillary refill > 3 s or temperature gradient on leg (mid to proximal
limb), but no hypotension.

Decompensated shock: systolic BP < 70 mm Hg in children or < 80 mm Hg in adults, with
evidence of impaired perfusion (cool peripheries or prolonged capillary refill).

P. falciparum parasitaemia > 10%

WHO. Guideline for treatment of malaria



Pathogenesis of
severe falciparum
malaria

Erythrocyte — @D -
Leukocyte —©
. Infected erythrocyte at

pigmented-trophozoite stage

Infected

A

Endothelial cell
5pum

Cytoadherence to
endothelial cells

Adhesion of erythrocytes infected with Plasmodium falciparum to human cells
Expert Reviews in Molecular Medicine © 2009 Cambridge University Press

Milner DA Jr, et al. Front Cell Infect Microbiol. 2014.
Rowe JA, et al. Expert Rev Mol Med. 2009.




Treatment




Management

Objectives: to cure the infection as rapidly as possible and to prevent
progression to severe disease

Antimalarials ASAP even before the diagnosis if highly suspicious
Supportive: Fluid, 02, monitoring of vital, GCS

Consider LP for patients with impaired sensorium to R/O CNS infections
Call ICU Dr Yung early for deterioration

Watch out for hypoglycemia and clotting profile, especially in severe cases
Monitor major organs: Liver, kidney, CNS, Resp and cardiac

Empirical antibiotics for septic cases, especially in children



WHO guideline 2022

Coma (cerebral

malaria)

Hyperpyrexia

Convulsions

Hypoglycaemia

Maintain airway, place patient on his or her
side, exclude other treatable causes of coma
(e.g. hypoglycaemia, bacterial meningitis);
avoid harmful ancillary treatments, intubate
if necessary.

Administer tepid sponging, fanning, a
cooling blanket and paracetamol.

Maintain airways; treat promptly with
intravenous or rectal diazepam,
lorazepam, midazolam or intramuscular
paraldehyde. Check blood glucose.

Check blood glucose, correct hypoglycaemia
and maintain with glucose-containing
infusion. Although hypoglycaemia is defined
as glucose < 2.2 mmol/L, the threshold for
intervention is < 3 mmol/L for children < 5
years and <2.2 mmol/L for older children
and adults.

Severe anaemia Transfuse with screened fresh whole blood.

Acute
pulmonary
oedemab

Acute kidney
injury

Spontaneous
bleeding and
coagulopathy

Metabolic
acidosis

Shock

Prop patient up at an angle of 450, give
oxygen, give a diuretic,

stop intravenous fluids, intubate and add
positive end-expiratory pressure or
continuous positive airway pressure in life-
threatening hypoxaemia.

Exclude pre-renal causes, check fluid
balance and urinary sodium; if in established
renal failure, add haemofiltration or
haemodialysis, or, if not available, peritoneal
dialysis.

Transfuse with screened fresh whole blood
(cryoprecipitate, fresh frozen plasma and
platelets, if available); give vitamin K
injection.

Exclude or treat hypoglycaemia,
hypovolaemia and septicaemia. If severe,
add haemofiltration or haemodialysis.

Suspect septicaemia, take blood for cultures;
give parenteral broad- spectrum
antimicrobials, correct haemodynamic
disturbances.



History of Artemisinin

Emergency medicine
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Discovery of Artemisinin

THE CULTURAL
REVOLUTION

A PEOPLE'S HISTORY
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parasitosis

viral
infection

diabetes

- s
ry ax
o
" ; ) autoimmune
atherosclerosis disease
o 3N
3 1y
fibrosis cancer

artemisinin

Wang Y, et al. Pharmacol Res. 2020 Jul;157:104829.



Mechanism of actions of anti-malarials

—  —
— ‘
p— |

— —— —-~'.~ R

Blood schizonticide:

— Chloroquine,

— Quinine,

— Pyrimethamine/sulfadoxine,
— Artemisinin,

— Doxycycline

— Mefloquine

— Proguanil

— Halofantrine

— Lumefantrine

Tissue schizonticide:

— Primaquine

— Proguanil
Gametocytocide:

— All species: Artemisinin, Primaquine
— PV: Chloroquine, Quinine

Baird JK. N Engl J Med 2005;352:1565-77.



Total Parasites in the Body
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How Fast Do Drugs Kill Parasites?

Parasite Reduction Rate
per 48 hr Cycle

Detection limit —— Tetracyclines, 10’
—————————————— w=SP and Quinolines, 102
Blank, 103 Quinine

w— Artemisinins, 10%

O 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Days

Adapted by CTLT from White 2004 J. Clin Invest 113:1084-1092



WHO recommendation June 2022

Uncomplicated malaria:
(Strong recommendation, High certainty evidence)

Treat children and adults with P. falciparum
malaria (except pregnant women in their first

trimester) with one of the following ACTs:

artemether + lumefantrine (Coartem)
artesunate + amodiaquine

WHOGUIDELINES

artesunate + mefloquine

for malaria

3 June 2022

dihydroartemisinin + piperaquine

artesunate + sulfadoxine—
pyrimethamine (SP)
® artesunate + pyronaridine

7@y World Health
%2 Organization




WHO recommendation 2022

Artemisinin-based combination therapies (ACT) x 3d + 1 dose of
primaquine

Uncomplicated PF

15t trimester: Quinine + clindamycin x 7d

Uncomplicated PF in Pregnancy nd or 37 trimester: ACT

l h . .
Uncomplicated hyperparasitaemia IV or IM Artesunate then ACT x 3d; longer course used before

(= 4% but no severe signs)

Chloroquine sensitive: ACT or Chloroquine
Chloroquine resistant: ACT
Uncomplicated PV, PO, PM, PK + Primaquine:
e 0.25-0.5mg/kg x 14d or
e 0.75mg/kg QW x 8w (G6PD deficiency)

Severe malaria (including 1st IV or IM Artesunate x at least 24h until PO is tolerated, then oral
trimester pregnant women) Rx x 3d



Duration of therapy

Rationale:

e A 3-day course of the artemisinin
component of ACTs covers two
asexual cycles,

® ensuring that only a small fraction of
parasites remain for clearance by the
partner drug,

e thus, reducing the potential
development of resistance to the
partner drug.

DAYS

WHO guidelines for malaria 2022



Surge of malaria cases in HK in 6/2022

Used to stock 2 patient courses of
antimalarial drugs per cluster in HK

HAHO liaised with China:
— 3000 vials of artesunate

— 400 tab of Artequick
(Artemisinin/piperaquine)

4 e
Comperimes

ARTEQUICK

Artemisinin 62.5 mg/Piperaquine 375 mg

*

Artepharm Co., Ltd., China

Preparation: one tab:

— 62.5mg Artemisinin

— 375mg Piperaquine
Original Dosage: 2 tab daily for 2 days

WHO worried about underdose Body Weight | Daily Tablets m

HAHO recommendation after consideration < 45kg 9 tab
of the safety and dose range:

I (2700 (D 3 days

>70kg 4 tab



ACT

Table 1 | Plasma half-lives of drugs used in artemisinin-based combination therapies

Antimalarial t,,, of artemisinin derivative t,  of partner drug Regions currently in use*
Artemether—lumefantrine -3 hr 4-5 days Africa, EM, SE Asia, WP

and SA
Artesunate—-mefloquine <1lhr 14-21 days Africa, SE Asia, WP and SA
Artesunate-amodiaquine <1hr 9-18 days* Africaand EM
Dihydroartemisinin— 45 min ~5 weeks SE Asia
piperaquine
Artesunate—pyronaridine® <1 hr 16 days NA
Chloroquinell NA 1-2 months Africa, EM, SE Asia, WP

and SA
Sulphadoxine— NA ~4 days (S) or ~8 days (P) Africa, EM (IPT in Africa, EM
pyrimethamine! and WP)

Activity of Dihydroartemisinin > artesunate > artemether

Eastman RD & Fidock DA. Nat Rev Microbiol 2009;7:864-74



Mechanisms of action of antimalarials

Antimalarials Classes

Mechanisms of action

Hypnozoiticidal

Primaquine
9 Gametocytocidal
Chloroquine Blood schizontocides
L Blood Schizontocides
Artemisinin )
Gametocytocidal
Lumefantrine Blood schizontocides
Piperaquine Blood schizontocides

Mhlwatika Z, Aderibigbe BA. Molecules. 2018 Oct 2;23(10):2527.

interferes with the electron transport in
the parasite during respiration process

accumulate in the acidic food vacuoles of
intraerythrocytic trophozoites and thereby
prevent haemoglobin degradation

heme-mediated decomposition of the
peroxide bridge to produce carbon-centred
free radicals

Inhibits nucleic and formation of hematin
by forming a complex with hemin

disrupting the detoxification of host heme
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Piperaquine
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e Piperaquine is a bis-quinoline 1st synthesized in the 1960s

e Used extensively in China and Indochina as prophylaxis and treatment during
1960s to 1980s

e As effective as, and better tolerated than, chloroquine vs falciparum & vivax
 As ACT (Dihydroartemisinin or Artemisinin)

e Excellent efficacy of piperaquine-DHA combinations (28-day cure rates
>95%)

e Good safety profile: not associated with significant cardiotoxicity or other
adverse effects.

e Highly lipid-soluble drug with a large volume of distribution
e Long elimination half-life (20-30d)

e |ow cost

Davis TME, et al. Drugs 2005; 65 (1): 75-87



O)@/‘ Malareone® tablets

o (uv:oqunnclproqu anil

Atovaquone-Proguanil (Malarone)

Fixed-dose combination for uncomplicated malaria only, including chloroquine-
resistant malaria

Atovaquone works by interfering with the function of mitochondria in malaria while
proguanil by blocking dihydrofolate reductase

Use as prophylaxis and treatment
Approved for use in the US in 2000
Common side effects: abdominal pain, vomiting, diarrhea, cough, and itchiness

Serious side effects: anaphylaxis, Stevens—Johnson syndrome, hallucinations, and liver
problems

Long elimination half-life of 50-84 h.
Elimination primarily via liver

Not recommended in pregnancy except when benefit outweigh risk


https://en.wikipedia.org/wiki/Dihydrofolate_reductase

Anti-malarial resistance



Antimalarials resistance

Drug Type Year

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

i | | | i i | I 1 A | ! 1 A

Chloroquine
: Sulfadoxine-pyrimethamine
Proguanil
. i Pyrimethamine
Antimalarial Mefloquine
Halofantrine
Atovaquoﬁé%?quggr%l
(igrtemisinin
=S = = s
CURE RATE (%)
100 =
80 AM: Artemisinin + Mefloquine
QT: Quinine + tetracycline
60 M;s: Mefloquine 15mg/kg
PSD M,s: Mefloquine 25mg/kg
40 = | PSD: Pyrimethamine + Sulfadoxine
cQ CQ: Chloroquine
20 T
1 1 1 I i
1975 1980 1985 1980 1985

https://www.researchgate.net/figure/Drug-supply-timeline-for-antimalarials-and-anitbiotics-This-gives-the-time-of-drug figl 236456011



https://www.researchgate.net/figure/Drug-supply-timeline-for-antimalarials-and-anitbiotics-This-gives-the-time-of-drug_fig1_236456011

THE PATH OF CHLOROQUINE RESISTANCE

Malaria parasites resistant to chloroquine swept out of the Mekong region and spread around the
world. So far, artemisinin hasn't followed that path, and researchers are debating the likelihood it will.

Year

. 1957
. 19560
. 1970

1980

1990

Roberts L. Science 21 April 2016



Malaria resistance

A A
A
4
[N
©
\
Malaria transmission areas
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Artemisinin-Resistant PF in Western Cambodia in 2008
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Artemisinin-Resistant in West Cambodia
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Artemisinin resistance has spread in Mekong regions,
but not yet in Africa in 2014
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- Note:

[ Parasite clearance halflife <5 hr ® Mutations in the kelch 13 Propeller gene
confers resistance to artemisinin
® The most common mutation is C580Y in

Mekong region

Pursat

o

[ Parasite clearance half-life >5 hr, kelch13 poly-
morphisms at or beyond amino acid position 441

B Parasite clearance half-life >5 hr, no kelch13 poly-
morphisms at or beyond amino acid position 441

Ashley EA, et al. N Engl J Med 2014,;371:411-23.



New medications for malaria
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Terminated or on hold Preclinical Phase | Phase Il Phase llI Registration marketed
4(1H)Pyridones Oxaboroles
P218
MK4815
PA21A092
DSM265
(+)-Mefloquine
KAF156
SAR97276
5557733
Trioxaquine DDD107498
GSK369796
ELQ300
Artemisone 9
MMV390048
Tinidazole CDRI97/78
NPC11618 J
>
RKA182 0Z439 + ferroquine

Wells TNC, et al. Nat Rev Drug Discov. 2015 Jun;14(6):424-42
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Spiroindolone KAEGQ9 for Falciparum and Vivax Malaria

Malaria
parasite

Table 1. Parasite Clearance in Cohorts of Patients with Plasmodium vivax
or P. falciparum Infection.

o ihi ; i P. vivax Cohort  P. falciparum Cohort
Inhibit PfATP4, ie parasite membrane End Point (N=10) No11)
NA-ATPase that regulate Na & hours
osmotic homeostasis Time to clearance of asexual parasitemia

* Vs both sexual & asexual forms 50% clearance 8 12

. 99% clearance 12 16

* Parasite clearance t1/2 for both Pf &

100% clearance 30 16

Pv within an hour, only < 1% of Pf
treated with artesunate can achieve

Time to parasite clearance

Median 12 12
that within an hour Interquartile range 8-16 10-16
* Reliable absorption and T1/2 of Parasite clearance halflife
20.8h, allowing QD dose Median* 0.95 0.90
« Main S/E nausea & vomiting, but Interquartile range 0.85-1.14 0.78-1.07
Range 0.68-2.01 0.68-1.64

not leading to discontinuation
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Table 1. Parasite Clearance Time (Hours) by Treatment Group
Cipargamin Dose/Regimen
| S Artemether-
== 10MgSD  wA= 3days ms 25mgSD 3 days 1-0- 50 mg SD 3 days =m= 75 mg SD 150 mg SD =@ lumefantrine
(n=10) | (n=10) (n=12) (n=20)‘ (n=21) (n=19) (n=21) (n=22) (n=51)
Median PCT 24.4 30.1 116 8.1 8.2 8.2 8.0 8.1 243
(2-sided 95% CI) (8.0, 48.0) (4.2,36.7) (8.0, 24.0) (8.0,12.2) (8.0,12.2) (8.0, 12.0) (8.0, 8.1) (2.1,9.2) (24.1, 36.0)

Schmitt EK, et al. Clin Infect Dis. 2022;74(10):1831-9




Cipargamin (KAE609) Phase Il Study in Adults in Sub-Saharan

Table 2. Occurrence of Recrudescence With PfATP4 G358S Mutation, by

Dose Regimen

Dose regimen

Number of
Patients

Patients, n (%)

Late Treat-
ment Failures

Recrudescences With
G358S Mutation

Cipargamin 10 mg SD

Cipargamin 25 mg SD

Cipargamin 50 mg SD

Cipargamin 75 mg SD

Cipargamin 150 mg SD

Cipargamin 10 mg QD
3 days

Cipargamin 25 mg QD
3 days

Cipargamin 50 mg QD
3 days

Total

9
12
21
20

19

133

1(11)
4 (33)
4 (19)
5 (25)
9(41)
1(10)

4 (20)

6 (32)

34 (26)

0
0)

4 (19)
3(15)
5(23)
1(10)

3(15)

6 (32)

22 (17)

Abbreviations: QD, daily; PfATP4, Plasmodium falciparum ATPase 4; SD, single dose.

Schmitt EK, et al. Clin Infect Dis. 2022;74(10):1831-9

Africa With Uncomplicated falciparum Malaria

Cipargamin:

medium risk for resistance

All patients with recrudescence,
including those with the G358S
mutation, were successfully treated
with Coartem.

Lack of cross-resistance with
artemisinins

Resistance could be prevented by
combining with a long-acting
partner compound



Summary

No of cases locally is small but the severity is high

Symptoms and signs are not specific

Typical fever patterns are usually absent

Incubation period variable and has to R/O other infections

Place of travel is the most important consideration

Artemisinin based combination therapy (ACT) is the recommended
treatment in general

3 days treatment is recommended

Dose of Artequick locally should be based on the body weight and
the duration should be 3 days

Resistance to Artemisinin is rising in Greater Mekong Subregion
(GMS), but is still rare in Africa

New drugs including Cipargamin are under investigation
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