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Since the year 2000

Average malaria infection prevalence
declined 46% in children aged 2-10,
from 26% to 14% in 2013.

The number of malaria infections at Malaria mortality rates have
any one time dropped 26%, from decreased by 47% worldwide and
173 million to 128 million in 2013. by 54% in the WHO Africa Region.

WHO 2014 Malaria report



World situation
Table 8.3 Estimated number of a) malaria cases and b) malaria deaths by WHO region, 2000, 2005, and from 2010 to 2013

Africa 174000 192 000 167 000 163 000 163 000 163 000
Americas 2 500 1700 1100 800 800 700
Eastern Mediterranean 14 000 10 000 9000 11 000 10 000 9000
Europe

South-East Asia 33000 34000 28 000 28 000 27000 24 000
Western Pacific 4000 2000 2000 1000 1000 1000
World 227 000 240 000 207 000 203 000 202 000 198 000
Lower bound 150 000 155 000 133 000 129 000 127 000 124 000
Upper bound 304 000 328 000 287000 282 000 281 000 283 000
Africa 801 000 761 000 576 000 543 000 530000 528 000
Americas 2300 1800 1300 1000 900 800
Eastern Mediterranean 17000 13 000 12 000 13 000 12 000 11 000
Europe 3

South-East Asia 53000 50 000 46 000 44000 43000 41000
Western Pacific 9500 4700 3900 3300 3500 3300
World 882000 830000 639 000 605 000 590 000 584 000
Lower bound 599 000 547 000 405 000 384 000 376 000 367 000
Upper bound 1104 000 1029 000 f 795 000 755000 742 000 755000

Source: WHO estimates

WHO proposed Artemisinin Combination Therapy in 2006



Figure 8.2 Projected changes in malaria incidence rates, by country, 2000-2015

I Cases reduced to zero since 2000 <50% decrease - Insufficiently consistent data to assess trends
7 On track for >75% decrease Increase in incidence | Nomalaria transmission, 2000

I:] 50-75% decrease

Source: WHO estimates

I Notapplicable

WHO 2014 Malaria report



Figure 8.9 Percentage change in malaria mortality rates, 2000-2013

Percentage change in malaria mortality rates,

2000-2013 e
I Estimated malaria deaths equalszero | Decrease 50-74% Pretrease <25% | No malaria transmission, 2000
| Decrease >75% [ Decrease 25-49% I Increases in malaria mortality rates ) [ Not applicable

Source: WHO estimates

WHO 2014 Malaria report



Hong Kong situation



South China Morning Post

scmp.com 1996

Malaria man died following 36-hour delay in
treatment

PATRICIA YOUNG and MICHELLE CHIN PUBLISHED : Saturday, 05 October, 1996, 12:00am
UPDATED : Saturday, 05 October, 1996, 12:00am

A teacher died of malaria after his treatment was delayed for 11/2 days

because a hospital could not process his blood test quickly and then failed to SHARE
forward the results, an inquest heard yesterday.
Simon Davies was airlifted to hospital after a private doctor suspected he had #) #)

contracted the disease.

A 34 year-old Briton died from falciparum malaria after coming back from Burma
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e 44 years old lady with good PH
 To Madagascar 31/7 —31/7

e 9/8: Fever, diarrhoea & vomiting
e 13/8:To AED, Dx: GE

e 14/8: To AED with confusion

e 15/8 To ICU in critical condition
e Subsequently discharged
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Number of Cases

800

600

400

200

Hong Kong situation
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Y ear of notification

Ma SKE, et al. Travel Med Infect Dis 2011; 9: 95-105




Place of origin of imported malaria cases (1999 — 2008)

From 1999-2008:

e Case fatality 2% ( 6 cases)
PF:5; PM:1

Age 32-73

3 cerebral malaria, 2 bacterial
pneumonia, 1 GN

Ma SKE, et al. Travel Med Infect Dis 2011; 9: 95-105



Number of cases

45

40

35

30

25

20

15

10

Malaria cases in Hong Kong (2007-2017%)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017*
Year

B Unclassified = Imported

Terence Lam, et al. Communicable Disease Watch 2017;14 (7):29-31



Difficult to make a
diagnosis of malaria?

Yes or No



History and physical examination

e Typical clin eatures: c

malaise...
e Typical fever patt rtian, Quantan
e Typical signs: s y, anemia

e Typical inc n perio
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Greenwood BM, et al. Lancet 2005; 365: 1487-98



Incuk
per

Medium (11-21 days)

® Malaria (especlally P falclparum)
& Leptospirosis

® Typhoid fever

/

\

Mr‘

Difficult to predict
malaria from the

® Amoebic liver abscess

Incubation period

Spira AM. Lancet 2003;361:1459-69



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 -
S 3 20,000 0.000 6.000 ?G‘D{]D

(per mm") 500,000
Maximum Parasitemia i

3 50.000 30.000 20.000 2,500,000
(per mm’)
Typical Symptom Duration 3-8 weeks 2-3 weeks  3-24 weeks  2-3 weeks
(untreated)

Maxunun Infection

. 5-8 years®
Duration (untreated) ’

Anemia ++

Other Complications

12-20 months™

20-50 years

4 _|__

renal

6-17 months

e

cerebral

*Includes relapses




Places of
travel over the
last 1 month

per person per year

I 0 40-053
g 0.15-0.39
B 0.038-0.14

0 000190037
© | 0.000000019-0.0018

:l Mo malaria

Spira AM.

Lancet 2003:361:1459-69



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 pmol/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 (37) 2015



Treatment
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HANDBOOK
f

Hsi Authoe

7th Edition
2015

In 20

Management of Acute Attack

MALARIA

Anti-malarial chemotherapy should be administered as soon as the
diagnosis is made

Meonitor blood for parasites and repeat testing is needed if the
diagnosis is strongly suspected

Maintain fluid and electrolytes balance; avoid over-hydration

Renal failure regime for blackwater fever; treat hypoglycaemia
and/or shock if present

Pulmonary oedema may develop, treated by prop up, oxygen, loop l
diuretic, veno-dilator; if hypoxic may need positive pressure
ventilation

Avoid sedatives and corticosteroids !
Watch for relapse (usually within 2 months) and signs of peritoneal
irritation (splenic rupture).

- e AW

Anti-malarial Chemotherapy !

A.

Uncomplicated P. vivax, P. malariae and P. ovale

Chiloroguine 600 mg base po stat l
and 300 mg base 6 hours later

then 300 mg base daily for 2 more days

plus Primaquine 15 mg base (0.25 mg/kg) po daily taken with food
fmﬂi:;la;-,rsmP vivax and P. ovale infection to eradicate hypnozoites
n VET.

NOTE | Chlroguine esisan P. viv rsported fom Occani, Indoesi
“malaria is requi

NOTE 2 l‘nmqquhp-mmwﬁ ﬂwmwd in Sooth-east Asia and |

Westem Pacific. ﬂnmmdofﬂmduumns Bﬂmgdally




History of Artemisinin

Emergency medicine






History of Artemisinin




Timeline

340 AD: Qinghao

1630: Cinchona bark

1820: Quinine isolated
from Cinchona bark

1844: Sporadic resistance
to Quinine reported

1945: Amodiaquin, Primaquine

1944: Proguanil

1974 - 75: Mefloquine

1952: Pyrimethamine

Lariam’ Tablets
: Mefloquine

. 250m9

y smbets
Ve

1972: Artemisinin isolated
in China

1998: Malarone (Atovaquone +
Proguanil)

Malarone™
e St o
12 campramés prilauks
Vol ok
_— o

1992: Atovaquone

2006: Artemisinin combination
therapy recommended by WHO

2009-2012: Launching of
artemisinin fixed dose
combination

2015: 4 new molecules PlI trial: 0Z439,
KAEG609, KAF156, DSM265

2010: Artesunate Injection
by Guilin company

¢ Coartem'so/aso .

. Artesunate
Injection

| ;s
<&, ARNATE
ST

] g Rt J




Mechanism of actions of anti-malarials

e Blood schizonticide:
— Chloroquine,
— Quinine,
— Pyrimethamine/sulfadoxine,
— Artemisinin,
— Doxycycline
— Mefloquine
— Proguanil
— Halofantrine
— Lumefantrine
 Tissue schizonticide:
— Primaquine
— Proguanil
e Gametocytocide:
— All species: Artemisinin, Primaquine
— PV: Chloroquine, Quinine

I g
g 1
B N

P —— — —| — 4

—

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’
______________ we SP and Quinolines, 102

Blank, 103 Quinine
—— Artemisinins, 10%

a 2 4 6 8 10 12 14 16 18 20 22 24 26 I8

Days

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



WHO guideline 2015

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

Uncomplicated PF

primaquine
Uncomplicated PF in 15t trimester: Quinine + clindamycin x 7d
Pregnancy 2" or 37 trimester: ACT

Avoid Sulfadoxine (if Rx with septrin) & amodiqgauine

Sizlinfalle e AR Y (interaction with EFV or AZT

Chloroquine sensitive: ACT or Chloroquine

Uncomplicated PV, PO, Chloroquine resistant: ACT

PM, PK Primaquine 0.25 — 0.5mg/kg x 14d or 0.75mg/kg QW x 8w
(G6PD deficiency)
Severe malaria IV or IM Artesunate x at least 24h until PO is tolerated, Rx x 3d

WHO. Guideline for treatment of malaria (37) 2015



ACT

Table 11 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 ~3hr 4 5 days Africa, EM, SE Asia, WP
and SA
Artesunate mefloquine <1 hr 14 21 days Africa, SE Asia, WP and SA
Artesunate amodiaquine <1 hr 9 18 days* Africa and EM
Dihydroarte misinin — 45 min ~5 weeks SE Asia
piperaquine
Artesunate pyronaridine® <1 hr 16 days NA
Chloroquine" NA 1 2 months Africa, EM, SE Asia, WP
and SA
Sulphadoxine - NA ~4 days S)or ~8 days (P) Africa, EM (IPTin Africa, EM
pyrimethamine and WP)

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



Anti-malarial resistance



Anti-malarials resistance

Drug Type Year

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
1 | | | | | 1

Chloroguine
_ Sulfadoxine-pyrimethamine
Proguanil
. , Pyrimethamine
Antimalarial Mefloquine
Halofantrine
Atovaguone
Atuvaquune_pr{jguam_l [
rtemisinin
e _— B
CURE RATE 58
100 =
e, =~ AM: Artemisinin + Mefloquine
QT: Quinine + tetracycline

60 M,.: Mefloquine 15mg/kg

. PSD M,.: Mefloquine 25mg/kg
40 = : PSD: Pyrimethamine + Sulfadoxine

cQ CQ: Chloroquine
20 7
] 1 1 I I
1975 1980 1885 1990 1995

http://www.technologyreview.com/view/517126/mathematical-model-reveals-counterintuitive-way-to-beat-multidrug-resistance/



http://www.technologyreview.com/view/517126/mathematical-model-reveals-counterintuitive-way-to-beat-multidrug-resistance/

Spread of Chloroquine Resistant Malaria

Wellems. Nat Med 2004;10:1169-71



L1 Areas where malaria transmission oocurs [highdaw)

A Chioroguine reststance
« PF ®  sulfadoxine-pyrimethamine resislancs

Mefloquine resistancs
Malaria-ros aress @ Chloroquine resistant PV



Artemisinin-Resistant Malaria in Western Cambodia

-# Treatment failure due

. to drug failure

w .

£ Treatment failure due
> § to artemisinin resistance
in S=
L g — Cure
A=
22
g2
; (J]
S o

G

)

R

W\' I

— |
96 120

Hours after First Dose of Artesunate

Noedl H, et al. N Eng J Med 2008,359:2619-20



Parasite Density

Artemisinin-Resistant in West Cambodia

103+ —&— Artesunate (2 mg/kg) monotherapy
in Pailin, Cambodia
—¥— Artesunate (4 mg/kg)-mefloquine therapy
102 in Pailin, Cambodia
—8— Artesunate (2 mg/kg) monotherapy
in Wang Pha, Thailand
= —&— Artesunate (4 mg/kg)-mefloquine therapy
2 101+ in Wang Pha, Thailand
2
€
<
«
g 100
o
=
©
>
k:
-1

3 10

10724

103 T T T

T 1
0 12 24 36 48 60 72 84 96 108 120
Hours after Admission

Dondorp AM, et al. N Engl J Med 2009;361:455-67.

Noed! H, et al. N Eng J Med 2009;361:540-1



Artemisinin resistance has spread

L}

J

Pingilikani

Kinshasa

N\
A

Q

Note: Mutations in the kelch
13 protein confers resistance
to artemisinin

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



New medications for malaria

Approved or
Terminated or on hold Preclinical Phasze | Phase Il Phase Il Registration marketed
4(1H)Pyridones Oxaboroles >
P218
MK4815
PAZ1A092
D5M265
(+)-Mefloquine
KAF156
SAR97276
5]557733
Trioxaquine DDD107498
G5K369796
ELQ300
Artemisone
MMW390048
Tinidazole CDRI97/78 >
NPC1161B
-
RKA187 07439 + ferroquine

Wells TNC, et al. Nat Rev Drug Discov. 2015 Jun;14(6):424-42



Spiroindolones

N+

The NEW ENGLAN D
JOURNAL o MEDICIN

E

Malaria
parasite

ESTABLISHED IN 1812 JULY 31, 2014

Spiroindolone KAE609 for Falciparum and Vivax Malaria

Nicholas J. White, F.R.S., Sasithon Pukrittayakamee, M.B., B.S., D.Phil., Aung Pyae Phyo, M.D.,
Ronnatrai Rueangweerayut, M.D., Frangois Nosten, M.D., Podjaneejittamala, M.D.,
Atthanee Jeeyapant, M.Sc., Jay Prakash Jain, Ph.D., Gilbert Lefévre, Ph.D., Ruobing Li, M.D.,
Baldur Magnusson, Ph.D., Thierry T. Diagana, Ph.D., and F. Joel Leong, M.B., B.S., D.

VOL. 371 NO.S5

Phil.

* Inhibit PfATP4, ie parasite membrane
NA-ATPase that regulate Na &
osmotic homeostasis

* \/s both sexual & asexual forms

» Parasite clearance t1/2 for both Pf &
Pv within an hour, only < 1% of Pf
treated with artesunate can achieve
that within an hour

* Reliable absorption and T1/2 of
20.8h, allowing QD dose

* Main S/E: nausea & vomiting, but
not leading to discontinuation

Table 1. Parasite Clearance in Cohorts of Patients with Plasmodium vivax

or P. falciparum Infection.

P. vivax Cohort  P. falciparum Cohort

End Point (N=10)
hours
Time to clearance of asexual parasitemia
50% clearance 8
99% clearance 12
100% clearance 30
Time to parasite clearance
Median 12
Interquartile range 8-16
Parasite clearance half-life
Median* 0.95
Interquartile range 0.85-1.14
Range 0.68-2.01

(N=11)

12
16
16

12
10-16

0.90
0.78-1.07
0.68-1.64
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Stages targeted by vaccines
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Goals of vaccination
» Prevent disease by blocking infection before
emergence from liver

» Reduce disease by avaccine that combines
partly effective pre-erythrocytic and blood-
Stage Components

» Reduce disease by reducing blood- stage
asexval parasite burden

Prevention of transmission

+ Eradication

+ Limit spread of parasites resistant to vaccines

» Prevent epidemics in areas of unstable malaria

transmission

Target population and situation for
vaccination

+ Mon-immune travellers and residents in areas
of low transmission (eq, India)

+ Children and pregnant women in areas of high
transmission (eg, Africa)

+ Children and pregnant women in areas of high
transmission (eg, Africa)

» Entire community in isolated areas of low
transmission

+ In combination with blood-stage or
pre-erythrooytic vaccines in any situation

» Entire population before high transmission
SEASON

Philippe Van de Perre, Jean-Pierre Dedet.
Lancet 2004; 364:1381-2
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Efficacy and safety of RTS,S/AS01 malaria vaccine with or @ % ®
without a booster dose in infants and children in Africa: final ‘
results of a phase 3, individually randomised, controlled trial

RTS,S Clinical Trials Partnership™

Summary
Background The efficacy and safety of the RTS,S/AS01 candidate malaria vaccine during 18 months of follow-up have [ancet 2015;386:31-45

been published previously. Herein, we report the final results from the same trial, including the efficacy of a booster dose.  published online

e Vaccine efficacy was modest 32.2% (95% Cl 13.7-46.9)
e But efficacy was detected against:

e Malaria hospital admission (34.6%, 22.5-44.9)

e All-cause hospital admission (16.5%, 7.2—24.9).
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WHO: Malaria vaccine to be 'real
life' tested in Africa

Ghana, Kenya and Malawi to start large scale trial
of RTS,S injectable vaccine in

Africa suffers the most from malaria [File: Jon Hrusa/EPA]

The world's first malaria vaccine will be available in selected areas of Ghana, Kenya and
Malawi from 2018, according to the World Health Organization (WHO).

The UN body's regional office for Africa said in a statement on Monday that RTS,S
injectable vaccine was developed to protect young children from the deadliest form of
malaria caused by Plasmodium falciparum.
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